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ON  THE  QUINONE-PHENOLATE  THEORY  OF  INDICATORS.^    A 

SPECTROPHOTOMETRIC  METHOD  FOR  MEASURING  THE 

CONCENTRATIONS  OF  THE  QUINOIDAL  AND  LAC- 

TOIDAL  SALTS  AND  THE  EQUILIBRIUM  AND 

AFFINITY  CONSTANTS  OF  THE  PHE- 

NOLPHTHALEINS  AND  PHENOL- 

SULFONPHTHALEINS. 

By  R.  T.  Biroe  and  S.  F.  AcreE. 

Received  August  26,  1918. 

The  quinone-phenolate  theory^  postulates  that  phenolphthalein  and 
phenolstilfonphthalein  indicators,  with  both  phenol  groups  alike,  exist  in 
solutions  in  the  following  equilibrium.  The  equations  for  indicators  with 
unlike  phenols,  andlwith  a  hydrated  form,  HOOCC6H4C(OH)(CflH40H)2, 
will  be  given  in  the  general  theoretical  article  now  completed. 

'  This  article  is  one  of  a  series  which  we  are  publishing  from  the  New  York  State 
College  of  Forestry  at  Syracuse  University  in  co6peration  with  Dr.  Haven  Metcalf, 
in  charge  Forest  Pathology,  Bureau  of  Plant  Industry,  Dept.  of  Agriculture,  on  quan- 
titative studies  of  the  various  chemical  and  physical  factors  governing  the  growth  of 
fungi  on  culture  media  and  trees. 

Mm.  Chem.  7..  37,  71  (1907);  38»  i  (1907);  39»  528  (1908);  4a,  115  (1909);  This 
Journal,  38,  2772  (1916);  39,  648  (1917);  40,  1092  (1918);  Science,  4a,  loi  (1915). 
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1032  R.  T.  BIRGQ  AND  S.  F.  ACRBE. 

(C,H4COO)C(Cai40H),  -i— ^  (Cai4COO)(Cai4OH)(QH«0-)  +  H+  -.— 
colorless:  HtL  colorless:  HL"  K4 

Ri  (C«H4COO)C(C«H«0-),  +  2H+ 

colorless:  t, — 
C(:CtH4:0)(C,H40-)+H+ 


^''  I      CtHiCOOH  1  ^' 

C(:CJl4:0)(C4l40H).      red:  HQ-'  C(:C«H«:0)(C«H|0-)  +  2H+ 

C1H4COOH  "^'i  Ktr-J      CtHiCOO- 

yellow:  H,Q  C(:C|H4:O)(Cai40H)  red:  Q— 


CJtliCOO-  +  H+ 
yellow:  HQ"" 

We  have  found  that  HQ"'  and  Q —  give  a  strong  absorption  band  in  the 
green  at  about  i/X  «=  1800.  In  other  words  an  intense  red  color  is  trans- 
mitted by  HQ~'  and  Q — ,  a  faint  yellow  color  is  transmitted  by  solutions 
of  HiQ  and  HQ~,  while  HjL,  HL"  and  L —  are  colorless. 

Prom  the  ionization  and  equilibrium  equations  for  such  tautomeric^ 
compounds, 

H^-  .  K.  (.)  5^-  .  K.'  W  «|^-  -  K.  a 
5^-    .;,.,   (,)       H^-    .^_    (^)       S^.K.     (6) 

m    -"'  «• 

By  simple  algebraic  combination  of  two  or  more  of  these  equations, 
we  may  obtain  the  equilibrium  ratio  between  any  one  (or  several)  of  the 
above  forms  (ions  or  molecules)  and  any  other  (or  several  other)  forms. 
Certain  of  the  more  interesting  of  these  ratios  are  given  below,  the  im- 
portant ratios  being  indicated  for  convenience  by  a  new  constant. 

i^>^^^K^,  (,) 

(H)«  X  Q—  .  KtK,  ,  .  (H)«  X  L—  ^  KtK^i  ,  . 
(H,Q  +  HJv)  i+Ri  ^  '  (H,Q  +  HJL)  i  +  Ri  ^  ^ 
H  X  (HQ-  +  HQ'-  +  HL-)  _  K,'  +  g.  +  R,K,      ^    ,. 

(H.Q  +  H,L) r+Ri ^»   ^""^ 

H  X  (Q—  +  L— )     ^   K,K,  +  RJCJC^  ,    ,. 

(HQ-  +  HQ'-  +  HL-)       Ki'  +  Ki  +  R^K,  "  ""*        ^      ' 
(H)«  X  (Q—  +  I.—)  _  K^K,  +  R,KJCt       „  „  ,. 

(H.Q  +  H,L) T+Ri ^'^'        ^"'^ 

^Am.  Ckm.  J.,  37i  7'  («907);  38.  i  (1907);  M.  sa8  (1908);  43*  "5  («909): 
This  JoosNAio 38, 3773  (1916);  39« 648 (1917):  40^  1093  (1918);  Seitnu,^i,  loi  (i9i5)- 
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The  three  Equations  12a,  126,  12c  give  the  "effective"  ionization  con- 
stants^ (Afi  and  Ms)  obtained  when  one  ignores  the  tautomerism,  and 
considers  simply  the  molecular,  monovalent  and  divalent  forms.  Thus 
Ml  corresponds  to  KiKi^  or  Kz,  while  Mt  corresponds  to  Kt,  Kt  or  Ki. 
Shnilarly  MiMt  corresponds  to  KiKt  =  Ki'Kt  or  to  KzKJRi. 

Equations  8  to  i2(;  all  involve  a  ratio  between  different  steps  of  ioniza- 
tion, and  so  (H)  or  (H)*  occurs  in  each  equation.  The  following  equa- 
tions give  some  of  the  more  interesting  ratios  where  only  one  step  of 
ionization  is  involved : 

'^ "  I  -  ^:      (■3) 


Q- 

RiKtKi 
-        KiKt 

L— 

^         (: 

Q- 

-  +  L- 

2?.+  i     ^' 

HQ- 

RxK, 

HL- 

^   RlKz    _     r 

^  =  1^-  =  /?,    or    R,/R,^Kz/Ki  (15) 

jjQ,-  -  ^^  -  *-     <>^    ^»V/?i  =  Kz/K,'  (16) 

HQ'-/HQ-  -  Ki'/K,  (17) 

HQ'-/Q~  =  HKx'/KxKt.  (18) 

The  general  method  of  measuring  the  absorption  at  different  frequencies  in 
the  visible  and  ultraviolet  r^ons,  and  at  successive  stages  of  neutralization 
to  learn  the  amounts  of  the  several  salts  present,  was  proposed  in  lectures 
and  artides  at  various  times  from  1908  to  the  present.  The  plan  was 
suggested  for  use  with  colored  indicators  and  abo  with  such  tautomeric 
compounds  as  the  colorless  tuazoles  whose  absorption  spectra  would  be 
studied  in  the  ultraviolet.*  Schaeffer,  Paulus,  Hutchinson  and  Jones' 
measured  the  absorption  at  different  frequencies  by  means  of  an  im- 
proved suspended  thermocouple  method  developed  by  Professor  A.  H. 
Pftmd  and  Dr.  J.  S.  Guy.  Their  studies  substantiated  the  applicabihty 
of  the  theory  in  the  best  work  yet  published  on  rosolic  add,  phenol- 
phthalein  and  methyl  orange.  Pfund,  Uhler,  Anderson,  Jones  and  Wood^ 
had  also  used  the  photographic  methods  in  the  visible  and  ultraviolet 
in  other  studies,  and  Uhler  and  Wood  photographed  the  spectra  of  a 
number  of  dyes.  Hildebrandt*  had  used  a  spectrophotometer  with 
phenolphthalein  but  made  measurements  at  just  one  frequency  in  the 
ted.  Dr.  H.  A.  Lubs  prepared  urazole  esters  and  salts  in  1914  for  the 
^  The  method  of  derivation  of  12a,  12b,  12c  and  other  similar  complex  equations 
win  be  discussed  in  the  long  thecnetical  article  now  ready  for  publication. 

*  See  Am.  Chem.  J,,  4a,  123  (1909)  and  all  of  our  more  recent  articles. 
*Tm3  JouRNAi,,  37,  776,  1694  (1915). 

*  Carnegie  Publications. 

*Z.  Bkkirochem,,  1^  351  (1908). 
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investigations  as  a  part  of  his  dissertation  but  did  not  have  time  to  under- 
take the  spectrophotometric  measurements.  These  studies  in  the  turazole 
series  will  now  be  continued. 

In  the  quantitative  use  of  indicators  for  measuring  the  acidity  of  solu- 
tions, as  in  stud3dng  reaction  velocities  or  the  growth  of  fungi  on  culture 
media,  it  becomes  imperative  to  know  the  magnitude  of  the  above  con- 
stants and  to  vary  them  at  will  by  introducing  substituent  groups  which 
will  make  the  indicators  extremely  sensitive  and  useful  over  a  wide  range 
of  hydrogen  ion  concentration.  In  this  article,  therefore,  we  shall  discuss 
especially  the  equilibrium  and  aflSnity  constants  and  their  relation  to  the 
intensity  of  the  colors  of  various  indicators  at  different  hydrogen  ion 
concentrations. 

It  is  obvious  that  these  constants  and  ratios  can  vary  widely  with 
different  substituent  groups  and  we  therefore  have  a  means  of  preparing 
different  series  of  indicators  that  will  (a)  give  var3dng  intensities  for 
definite  equivalents  of  alkali  and,  (6)  give  their  color  changes  at  the 
different  hydrogen  ion  concentrations  or  Ph  values.  Up  to  this  time  it 
has  not  been  possible  for  us  to  calculate  with  any  certainty  the  relative 
concentrations  of  the  qolorless  lactoidal,  yellow  quinoidal,  and  deeply 
colored  quinone-phenolate  salts  in  the  acid  or  alkaline  solutions  of  the 
phenolphthalein  series.  We  did  know  from  White's  synthetic,  con- 
ductivity and  spectroscopic  work^  and  Lubs'^  Pr  values  that  the  phenol- 
sulfonphthaleins  exist  practically  only  as  quinone-phenolates  in  alkaline 
solutions  and  consequently  give  brilliant  color  changes.  But  our  own, 
and  Guy's  unpublished  (finished  19 16)  spectrophotometric  measure- 
ments and  those  of  Howe  and  Gibson*  now  give  us  sufficient  insight  into 
the  phenomena  involved  to  enable  us  to  begin  to  measure  or  calculate 
(a)  the  concentrations  of  the  lactoidal  (H2L)  and  of  the  quinoidal  (HsQ) 
free  indicator,  (6)  the  colorless  lactoidal  mono-  (HL~)  and  dibasic  (L — ) 
salts,  (c)  the  yellow  quinoidal  mono-basic  salt  (HQ"),  (d)  the  deeply  colored 
mono-basic  quinone-phenolate  salt  (HQ'~),  and  (e)  the  deeply  colored 
dibasic  quinone-phenolate  salt  (Q     )  of  all  indicators  of  this  general  type. 

This  is  such  a  very  important  advance  in  the  history  of  the  study  of  the 
indicators  that  the  results  will  now  be  outlined,  together  with  some  plans 
for  futiure  work  on  these  tautomeric  compounds. 

Discussion  of  the  Phenolstdfonphthalein  Series. 

In  order  to  aid  the  reader  in  following  the  discussion,  it  may  be  well  to 
summarize  the  meaning  and  probable  values  of  the  various  constants 
defined  by  Equations  i  to  7. 

*  White  and  Acree,  New  Orleans  Address,  Science,  42,  loi  (1915):  This  Journal, 
39,  648  (1917);  40,  1092  (1918). 

*  Lubs  and  Acree,  Ibid.,  38,  2772  (1916);  Lubs  and  Clarke,  /.  Wash.  Acad.  Sci,, 
5,  609  (1916);  6,  483  (1917);  J'  Baa.,  2,  I,  109,  137  (1917)- 

»  Phys.  Rev.,  10,  767,  779  (1918)- 
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(a)  Ri  gives  the  equilibrium  between  the  lactoidal  and  quinoidal 
forms.  Our  work  seems  to  indicate  a  value  of  about  looo  for  phenol- 
phthalein  and  of  about  unity  for  phenolsulfonphthalein. 

(6)  Ki  and  Kt'  refer  to  the  ionization  constants  of  the  sulfonic  add 
residue  in  phenolsulfonphthalein,  or  to  the  phthalic  add  residue  in 
phenolphthalein.  They  are  v^ry  large,  about  io~^,  for  phenolsulfon- 
phthalein, and  about  io~*  or  io~*  for  phenolphthalein. 

(c)  Ki  and  Kz  refer  to  a  primary  phenol  ionization.  They  are  both 
very  small,  and  probably  of  about  the  same  order  of  magnitude,  say 
io~'  to  10""^®,  for  phenols  with  no  negative  or  positive  substituent  groups. 
The  introduction  of  positive  or  negative  groups  into  the  phenol  radical 
decreases  or  increases  Ki  and  K^. 

(d)  Kt  and  Ka  refer  to  a  secondary  phenol  ionization.  They  are 
therefore  still  smaller  than  Ki  and  Kz. 

Equation  13  shows  that  in  a  series  of  indicators  having  the  same  ab- 
sorption index  for  unit  equivalent  of  quinone-phenolate  ions,  those  indica- 
tors having  the  largest  values  of  KiKt  and  smallest  values  of  RJCzKa 
should  give  the  largest  value  Q — /L — ,  and  the  greatest  absorption  in  the 
green  and  consequentiy  the  most  intense  transmitted  red  color.  For  that 
reason  we  chose  the  sulf onphthalein  series  with  a  large  value  for  Ku  about 
icS  for  the  sulfonic  add  group,  with  a  stnall  value  for  Ru  about  10  or 
less,  and  with  K^,  Kz  and  K^  variable  at  will,  as  being  one  of  the  most 
promising  groups  of  indicators  for  practical  use  as  well  as  for  the  study 
of  the  general  theory.  The  small  ratio  Ri  enables  us  to  study  the  prop- 
erties of  the  actual  yellow  quinoidal  form,  H2Q  (which  is  not  present  in 
appreciable  quantities  in  the  phenolphthalein  series),  and  of  the  mono- 
tmsic  yellow  salts  corresponding,  KHQ,  which  have  been  made  and  de- 
scribed by  White^  (and  which  have  not  been  isolated  in  the  phenol- 
phthalein series  but  which  we  shall  measiue  spectrophotometrically  in  the 
alkaline  solutions).  The  value  of  K\  is  so  large  in  comparison  with 
RJCz,  Kt  and  K^  in  the  phenolsulfonphthalein  that  well  over  90% 
of  the  indicator  is  titrated  as  a  yellow  quinoidal  monobasic  add  before  the 
"turning  point"  or  intense  color  change  appears.  To  illustrate,  to  state 
that  Ki  is  large  in  comparison  with  RJCz  means  from  Equation  15  that 
littie  of  the  monovalent  ions  are  lactoidal  and  colorless  (HL").  When 
Ki  is  small  in  comparison  with  Ku  and  RJd  is  likewise  small,  Equation 
13  shows  that  littie  of  the  divalent  ions  are  lactoidal  and  colorless  (L — )* 
When  K%/Ki  is  small,  and  R\Kz  and  Ki  are  also  small.  Equations  i  and 

3  give  by  division  Kt/Ki  «       '7^^   _(^ — -,  which  shows  that  no  appre- 

(HQ    y 

daUe  quantity  of  (Q — ),  the  red  salt,  can  be  formed  while  there  is  ap- 
preciably any  unchanged  indicator  (HjQ)  remaining  in  solution  with  the 
^  Keference  to  article  now  in  editor's  bands. 
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large  amount  of  (HQ-)  (over  90%  at  the  first  appearance  of  the  red  color). 
It  is  therefore  certain  that  in  alkaline  solution  practically  only  the  quinone- 
phenolate  dibasic  salt  (Q  )  is  present,  with  no  appreciable  amount  of  the 
colorless  lactoidal  dibasic  salt  (L — ) ;  i'.  e.,  Rz  is  very  small.  The  alkaline 
solutions  therefore  exhibit  unusually  briUiant  color  changes  because  such 
a  large  per  cent.^  is  in  the  quinone-phenolate  form.  The  exact  per  cent, 
can  be  calculated  from  our  theory  when  all  the  constants  are  known 
and  shown  to  be  practically  100%  of  the  indicator  salt  for  the  sulfon- 
phthalein  series. 

We  shall  make  full  use  of  this  high  per  cent,  of  quinone-phenolate  form 
to  study  the  influence  of  all  kinds  of  negative,  basic  and  alkyl  groups 
on  the  values  of  Ki  and  Kz  and  on  the  specific  absorption  index  and  hydra- 
tion rate  for  the  quinone-phenol,  — C(:C6H4:0)(C«H40H),  and  quinone- 
phenolate  groups,  — C(:C6H4:0)(C6H40~),  of  each  "practically  completely" 
quinoidal  sulf onphthalein  indicator.  The  mono-phenolic  ethers  and  the  sul- 
fonic esters  will  also  be  investigated  for  the  same  ptupose.  Similar  studies 
will  be  made  with  other  simpler  pturely  quinoidal  groups,  such  as  the 
aurines,  sulfonated  aurines,  and  mono-alkyl  aurines,  (ROC6H4)- 
C(CeH4:0)(C6H40H),  and  the  esters  of  the  phenolphthalein  series,  such 
as  ROOCC6H4C(:C«H4:0)(C«H40H)  and  their  substitution  products  and 
salts,  in  which  various  factors  can  be  controlled  and  measured.  These 
constants,  taken  together,  will  give  us  an  extensive  set  of  data  by  which 
to  estimate  what  influence  the  substitution  of  such  groups  in  the  phenolic, 
and  in  the  sulfonic  (— CeH^SOaH)  and  phthaUc  (— C«H4C00H)  residues 
will  have  on  the  Ki  and  K2  and  on  the  maximum  absorption  index  of  the 
quinone  phenol  — C(:C6H4:0)(C«H40H),  and  the  quinone-phenolate 
— C(:C6H4:0)(C6H40~)  groups.  The  influence  of  substituent  groups 
on  the  ionization  constants  Kz  and  Ka  of  the  lactoidal  form  will  be  studied 
by  using  the  hydrogen  electrode  to  measure  the  primary  and  secondary 
ionization  constants  of  the  very  closely  related  compounds  such*  as 
the  aniUdes  C«H4CO(NCeH8)C(C6H40H)«,  phthalin  esters,  R00CC«H4CH. 
(C6H40H)j,  and  their  monophenol  ethers.  With  these  various  studies 
completed,  we  shall  be  in  a  much  better  position  to  calculate  the  true 
per  cent,  of  mono-  and  dibasic  quinoidal,  lactoidal  and  hydrated  salts 
given  by  any  indicator  of  the  quinonephenolate  t3rpe,  and  we  shall  of 
course  use  these  absorption  indexes  and  other  constants  in  measuring 
and  calculating  the  equilibrium  and  affinity  constants  of  aU  these  in- 
dicators. The  "salt  effects"  are  now  under  investigation  in  codperation 
with  Dr.  C.  L.  Brightman,  assisted  by  Dr.  M.  R.  Meacham  and  Mr. 
J.  J.  Hopfield. 

But  a  ftuther  advantage  of  the  sulfonphthalein  series  arises  because 
of  this  same  large  ratio  KiKi/RiKzK^  namely  the  fact  that  the  addition 
»  White,  Lubs,  Loc.  cit. 
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of  substituent  groups  in  the  phenolic  residues  causes  a  wide  variation  in 
the  hydrogen  ion  concentrations,  or  useful  Ph  ranges/  at  which  the  indica- 
tor gives  its  color  changes  without  appreciable  diminution  of  its  color 
intensity.  For  the  above  reasons  we  find,  theoretically  and  experi- 
mentally, from  the  work  of  White  and  of  Lubs  that  all  of  the  phenol- 
solfonphthalein  series  yet  made  form,  first,  practically  only  the  yellow 
monobasic  salts  and  then  the  deeply  colored  dibasic  salts,  when  treated 
with  alkalies.  Since  the  deeply  colored  dibasic  salt  or  ion  "tDsSCeBUC- 
(<;6H40)(C6H40")  is  formed  chiefly  by  the  ionization  and  the  neutraliza- 
tion of  the  yellow  ion-add  -08SC6H4C(:C6H4:0)(C«H40H),  it  follows 
from  Equation  22  (which  becomes  approximately  Ka'/(i  —  a^  ^  Kt 
when  the  values  for  the  constants  are  substituted)  that  the  ionization 
constant  Kt  of  the  phenolic  group  is  the  chief  determining  factor  in  causing 
the  intense  color  change  of  the  particular  indicator.  Since  Kt  is  then 
practically  the  determining  factor  in  the  "rffective"  afiSnity  constant' 
of  the  indicator,  the  negative  bromo  or  nitro  groups  or  basic  groups  in- 
crease or  decrease  this  aflSntty  constant  without  thereby  lowering  ap- 
preciably the  per  cent,  of  quinone-phenolate  form  in  the  total  dibasic  salt 
and  without  lowering  appreciably  its  color  intensity,*  or  Q — /(Q —  +  L — )* 
These  results  are  dear  from  the  equation  L — /Q —  =  kiKzKA/KiKt.  The 
introduction  of  halogen  or  nitro  groups  into  the  phenol  residues  increases 
Ktf  Kt  and  Ka  greatly  without  disturbing  Ki  or  R\  very  much.  The 
^  Such  a  wide  range  of  Ph  values  in  one  series  of  brilliant  indicators  soluble  in 
both  water  and  alcohol  makes  the  sulfonphthaleins  the  best  dass  3ret  developed.  We 
can  make  concentrated  solutions  of  the  yellow  monobasic  salts  and  these  solutions 
can  be  titrated  with  more  alkali  to  adjust  them  to  any  deshred  Ph  value.  By  so  ad- 
justing the  indicator  solution  it  is  possible  to  mix  the  indicator  with  a  solution  known  to 
have  approximately  the  same  Ph  value  and  thus  prevent  any  appreciable  change  of  the 
Pm,  even  when  the  solution  has  weak  buffer  properties. 

*  The  theoretical  work  already  completed  will  give  a  very  full  treatment  of  the 
general  and  special  equations  covering  all  known  types  of  quinone-phenol  indicators. 

*  If  we  designate  the  absorption  index  for  the  peak  of  the  green  band  of  any  in- 
dicator  existing  completely  in  the  quinone-phenolate  form,  when  neutralized  completely 
with  alkali  and  when  completely  ionized,  by  the  term  maximum  absorption  index  (for 
a  one  cm.  cell  and  either  o.ooi  N  Cfr  N  solutions),  we  can  call  the  expression  (maxi' 
mum  absorption  index)  X  Q  /(Q  +  L  )  the  specific  absorption  index  of  the  given  in- 
dicator existing  in  alkaline  solution  in  only  the  deeply  colored  ions  Q  and  the  odorless 
loos  L  .  The  larger  the  value  of  maximum  absorption  index  X  Q  /(Q  +  L — )  the 
greater  the  apparent  color  intensity  of  the  transmitted  red  color  of  the  solutions.  The 
physicist  thinks  correctly  in  terms  of  the  absorption  which  he  uses  and  measures,  while  the 
chemist  thinks  conveniently  in  terms  of  the  apparent  intensity  of  the  transmitted  colors 
which  he  uses  and  meastu-es  in  applying  indicators.  We  can  then,  for  convenience,  and 
by  way  of  contrast,  speak  of  the  maximum  color  intensity  and  of  the  specific  color  intensity 
for  the  transmitted  light.  As  shown  in  this  article,  the  maximum  absorption  index  and 
maximum  color  intensity  probably  do  not  vary  greatly  in  the  phenolphthalein  and 
phenolsulfonphthalein  series,  but  the  specific  absorption  index  and  the  specific  color  fn* 
tmtUy  vary  very  widdy  for  the  difiPerent  substituent  groups. 


Digitized  by 


GooQle 


1038  R-  T.  BIRGB  AND  S.  F.  ACRBB. 

aflinity  constant  of  phenol  is  approximately  io~^®  at  25®,  whereas  that  of 
^-chlorophenol  is  7.7  X  lo"^®,  that  of  (>-nitrophenol  is  700  X  lo"^^  that 
of  2,4,6-trichlorophenol  is  260  X  IO~^^  and  that  of  2,6-dinitrophenol  is 
2,700,000  X  lo""^®.  It  is  dear  then  that  the  introduction  of  these  nega- 
tive groups  into  the  phenolic  radicals  of  the  sulf  onphthalein  series  will  very 
greatly  increase  Kz.  Kt  and  K^  are  both  secondary  ionization  ccmstants 
arising  from  the  phenol  groups  and  their  values  will  also  be  greatly  in- 
creased. As  they  will  both  be  enlarged  in  a  similar  manner  and  as  the 
data  on  the  secondary  ionization  constants  of  dibasic  adds  show  that  the 
ratio  Kt/Ki  will  not  vary  to  any  extent  comparable  with  the  change  in  Ki^ 
it  is  dear  that  the  per  cent,  of  lactoidal  salt  or  L — /(Q —  +  L*")  will  be 
increased  mamfold  by  the  introduction  of  the  negative  groups  and  is  chiefly 
governed  by  Ki/K\,  Ri  apparently  changing  very  little  in  comparison. 
If,  however,  in  phenolsulfonphthalein  RiKtKi/KiKi  were  of  the  order 
io~*Vio"*  ■■  10"*  it  is  dear  that  this  value  could  be  increased  a  million' 
fold,  or  lo*  fold,  and  there  would  still  be  only  lo"'  or  o.  10%  of  the  lactoidal 
salt  and  hence  99.9%  of  the  quinone-phenolate  salt  in  the  alkaline  solution. 
While  K%IK\  is  increasing  Kt  is  becoming  larger  in  the  desired  degree 
illustrated  in  the  following  examples,^  the  Ph  range  of  coturse  decreasing. 
Phenolsulfonphthalein  has  a  usef td  indicator  range  corresponding  to  Ph 
values  of  6.50  to  8.50,  and  a  K^  of  about  2.0  X  10"^  The  introducticm 
^  of  isopropyl  groups  in  the  thymolsulfonphthalein  raises  this  Ph  range  to 
8.0--9.5.  The  introduction  of  two  bromines  into  the  thymolsulfon- 
phthalein lowers  the  Ph  range  to  6.0-7.6.  Two  bromines  and  two 
methyls  in  the  ortho  positions  in  dibromo-o-cresolsulf  onphthalein  lower 
the  Ph  range  to  5.2-6.8,  whereas  4  bromines  in  tetrabromophenolsulfon- 
phthalein  lower  the  Ph  range  to  2.8-4.6.  The  4  nitro  groups  in  tetra- 
nitro-phenolsulf onphthalein  lower  the  Ph  range  to  <2.o.  The  introduc- 
tion of  a  nitro  group  into  the  benzenesulf onic  radical  of  phenolsulfon- 
phthalein and  th3rmolsulf  onphthalein  increases  K\  but  does  not  appredably 
change  K%  for  the  phenohc  group  and  hence  the  Ph  ranges  6.8-8.4  and 
8.0-9.5,  respectively,  remain  imchanged.  These  different  indicators 
give  color  changes,  then,  at  Ph  ranges  var3dng  from  about  10  to  <2,  the 
K\  values  increasing  simultaneously,  and  in  aU  cases  the  color  changes  are 
brilUant  because  practically  all  of  the  indicator  is  in  the  deeply  colored 
quinone-phenolate  form  and  very  little  is  in  the  colorless  lactoidal  form. 
These  satisfactoty  results  were  predicted  from  the  theory  just  as  the 
low  color  intensities  of  the  corresponding  halogenated  phenolphthaleins 
observed  by  Howe  and  Gibson  were  forecast. 

One  other  point  is  predicted  and  will  be  studied.    The  introduction 
of  negative  groups  into  the  phenol  groups  will  increase  very  greatly  (and 
*  Lubs  and  Acree,  Traa  Journai,,  38,  2772  (1916);    Lubs  and  Clark,  7.  Bad., 
h  "4- 


Digitized  by 


GooQle 


QUINONE-PimNOLATB  THEORY  OF  INDICATORS.  IO39 

by  about  the  same  factor)  the  primary  phenol  ionization  constants  Ki 
and  Kz  and  the  secondary  phenol  constants  Kt  and  K^  without  ap- 
preciably altering  Ki.      It  therefore  follows   that    the   color  intensity 

(given  by     _  =  _  -^  „\^  -^  „  )  will  be  lowered,  since  Kt,  Kz 

L       +  Q  RiKzKi  +  KiKi/ 

and  Ka  in  the  denominator  increase,  while  only  Kt  in  the  numerator  in- 
creases. But  at^  the  same  time  a  greater  portion  of  the  intense  color  will 
come  from  HQ'~.    For  the  ratio  of  HQ'""  to  all  quinoidal  form  is  given  by 

50:^ = ^ (.1) 

H2Q  +  HQ-  +  HQ-'  +  Q~  U  +  Ki  +  Ki'  +  KJKi/U 
In  this  expression,  the  nianerator  increases  directly,  under  the  above 
condition,  while  the  denominator  (of  which  Ki  is  the  largest  term,  except 
for  very  small  H)  increases  less  rapidly  than  in  a  direct  ratio.  For  suffi- 
ciently small  H,  practically  all  the  intense  red  color  must  of  coiu'se  come 
from  Q — ,  regardless  of  the  probable  values  of  the  various  constants,  but 
for  all  intermediate  values  of  H  the  HQ""'  will  thus  play  a  more  and  more 
important  role,  as  negative  groups  are  introduced  into  the  phenol  group. 
Also,  HQ~'  decreases  as  the  first  power  of  the  hydrogen  ion  concentration 
increases f  while  Q  changes  with  the  second  power  of  the  hydrogen  ion 
concentration.  We  thus  have  a  ready  means  of  determining  the  relative 
concentrations  of  HQ"'  and  Q     . 

This  same  theory  shows  why  the  introduction  of  negative  chloro, 
bromo,  etc.,  atoms  into  the  phenolic  groups  of  phenolphthalein  and  of 
phenoltetrachlorophthalein  still  further  and  very  greatly  lowers  the  color 
intensity  of  these  indicators  in  alkaline  solution.  The  proof  of  the  theory 
has  now  been  developed  by  an  interpretation  of  the  fine  work  of  Howe 
and  Gibson  on  the  phenolphthalein  series,  which  will  now  be  discussed. 

Discussion  of  the  Phenolphthalein  Series. 
Howe  and  Gibson*  have  observed,  in  an  excellent  study  by  a  combina- 
tion of  visual  and  photographic  methods,  the  complete  absorption  curves 
in  neutral  and  alkaline  solutions  of  seven  substances  of  the  phenolphtha- 
lein series  of  indicators  and  of  phenolsulf onphthalein,  all  of  the  chemicals 
having  been  prepared  by  Professor  W.  R.  Omdorflf  and  Dr.  S.  A.  Mahood. 
The  absorption  curves  were  determined  from  about  2000  A.  in  the  tdtra- 
violet  to  6500  A.  in  the  red.  The  curves  show  that  all  of  these  substances 
in  the  free  state  possess  the  expected  lactoidal  phenoUc  absorption  bands 
in  the  ultraviolet,  even  if  they  have  none  in  the  visible  spectnmi.  In 
this  article  however  we  are  concerned  with  these  substances  chiefly  in 
relation  to  their  use  as  indicators.  We  shall  therefore  discuss  fully  only 
the  green  band  centering  at  about  i/\  =  1800  and  arising  from  the 
quinone-phenolate  group.    This  b^d  grows  up  in  alkaline  solution  witt\ 
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increasing  quantities  of  added  base  and  its  presence  and  magnitude  is 
practically  the  sole  determining  factor.  The  band  i/X  »  2700  in  the 
ultraviolet  arising  from  the  quinone-phenolate  group  will  change  along 
with  the  green  band.  Both  of  these  bands  are  present,  either  more  or 
less  sharply  or  merged  together,  in  the  alkaline  solutions  of  aurine,  rosolic 
add,  tetrabromorosolic  add,  fluorescein  and  its  derivatives,  phenolsulfon- 
phthaldn  and  its  derivatives,  alizarine,  and  a  large  number  of  other 
compounds  whose  color  changes  have  been  shown^  by  spectrophotometric 
methods  to  arise  from  the  quinone-phenolate  group.  If  both  of  these 
bands  come  soldy  from  the  quinone-phenolate  group  we  should  expect 
them  to  be  formed  in  constant  ratio  from  any  given  indicator  as  more 
and  more  alkali  is  added,  and  we  might  even  expect  different  indicators 
of  the  same  general  type  to  give  comparable  ratios  from  these  two  bands. 
Of  course,  we  should  expect  the  position  and  ratio  of  these  bands  to  vary 
to  some  extent  with  different  substituent  groups,  as  Howe  and  Gibson 
discussed.  Furthermore  there  is  a  general  absorption  in  the  ultraviolet 
which  masks  the  bands  and  makes  any  condusions  valuable  only  as  first 
approximations.  That  there  is  a  general  constancy  for  this  ratio  is  shown 
in  the  following  Table  I  which  was  calculated  from  the  data  of  Howe 
and  Gibson  by  Professor  C.  L.  Brightman  who  is  now  co6perating  with 
us  in  this  work.  Both  of  these  bands  should  be  measured  and  com- 
pared accuratdy  for  a  large  number  of  these  indicators  to  test  the  theory, 
but  in  all  practical  use  of  the  indicators  the  large  green  band  is  the  one 
most  easily  studied  by  spectrophotometric  methods. 

We  have  also  hoped  tliat  the  phenolate  ions  of  the  colorless  lactoidal 
salts  will  show  characteristic  bands  in  the  ultraviolet  whose  magnitude 
and  position  will  enable  us  to  measure  the  concentration  of  such  ions. 
It  seems  to  us  that  the  data  of  Howe  and  Gibson  do  not  permit  us  to 
draw  definite  condusions  as  to  whether  the  ultraviolet  band  at  about 
i/X  =  3200  is  connected  with  the  phenolate  ions  (as  against  carboxylate 
or  sulfonate  salts).  If  such  proves  to  be  the  case  and  accurate  measure- 
ments can  be  made  we  shall  then  be  able  to  study  carefully  the  con- 
centrations of  the  free  lactoidal  form,  the  lactoidal  phenolate  ions,  the 
quinoidal  form  and  its  salts,  and  the  quinone-phenolate  ions,  and  hence 
we  will  be  able  to  measure  the  tautomeric  equilibrium  and  affinity  con- 
stants of  all  these  substances.  Howe  and  Gibson  make  no  attempt  to 
interpret  their  data  in  this  respect.  As  a  matter  of  fact,  it  is  impossible 
to  interpret  the  data  without  the  use  of  certain  general  equations  which 
we  have  devdoped  fully. 

The  7  phenolphthaldns  used  by  Howe  and  Gibson  are:  Phenol- 
phthalein,  tetrachloro-phenolphthalein,  tetrabromo-phenolphthalein,  tetra- 
*  See  the  first  article  by  White  and  Acree,  This  Journal,  40,  1092  (191 8),  and 
work  appearing  later  hj  Professors  Guy  and  Brightman  in  cooperation  with  us. 


Digitized  by 


GooQle 


QUINONB-PHENOLAT9  THEORY  OF  INDICATORS.  104I 

iodo-phenolphthaleiii,  phenoltetrachloro-phthaleiii,  tetrabromo-phenol- 
tetrachloFO-phthalein,  tetraiodo-phenoltetrachloro-phthalein.  These  sub- 
stances are  but  slightly  soluble  in  aqueous,  non-alkaline,  solution.  They 
theiefare  used  them  in  alcoholic  solution  with  no  alkali,  and  then  with 
2,  4y  and  lo  molecules  of  alkali.  They  also  obtained  curves  in  aqueous 
solution  with  4  to  lo  mols  of  added  alkali.  They  give  no  curves  for  the 
free  add  in  aqueous  solution,  doubtless  because  of  the  small  solubility. 

Table  I. 

Aqoeout  solution.  Alcoholic  solution. 

^  ...»  ^         /  *  » 

!  ti  0  I   1  ti  i4  I 

I  r    I     3     1  I     I      & 

Phenolphtlialetn 10.     3.7  0.47    5.84     10     0.7     0.12  5.83 

Tetnu^hloro-phenolphthalem...     ♦♦  ♦♦♦♦♦  * 

TeUabiomo-phenolphthalein. ..     ♦♦  ♦♦♦♦♦  * 

Tetnuodo-phenolphthalein ♦♦  ♦♦♦♦•  * 

Pfaenoltetradikfo-phthalein. . .    4.     585'  0.8      7.18       2      1.4     0.3  4.6 

4     2.6     0.5  5. a* 

10     4.0     0.85  4«7 
Tetrafarotno-plieiiottetrachloro- 

phthakin 10.     i.o  0.15    6.65      •        •          •  • 

Tetraiodo-phenolte  t  r  achlor  o  - 

phthakin 4.     2.4  0.25    9.6        ♦        •          ♦  • 

Phenolsalfoiiphfhaleiii 1.53.6  0.65    5*54     10     5.2     0.80  6.5^ 

2.04.4  0.75    5*86     10     5.2     0.5  X0.4' 

In  the  case  of  the  phenolsulfonphthalein  series  of  indicators,  which 
the  present  authors  are  stud3dng  in  detail,  it  is  possible  to  obtain  aqueous, 
non-alkaline  solutions,  and  to  observe  accurately  the  gradual  change  in 
absorption  spectrum  as  alkali,  add,  or  salt,  is  added.  Howe  and  Gibson 
studied  phenolsulfonphthalein  by  the  titration  method  devdoped  by  White 
and  Lubs^  in  codperation  with  us  for  the  entire  stdfonphthalein  series,  and 
observed  the  absorption  curves  for  o,  i,  1.5,  and  2  mols  of  added  alkali. 
Their  results  check  roughly  with  those  of  White  (1*915),  Guy  (1916),  and 
the  present  authors  (1917-18),  which  were  obtained  and  interpreted  before 

*  In  these  cases  the  band  was  too  weak  to  give  a  good  value  of  the  index  on  the 
curve. 

*  This  calculation  was  made  on  the  assumption  that  the  D  curve  in  the  ultraviolet 
and  the  O  curve  in  the  visible  regions  are  for  the  same  solution. 

^  Calculated  from  the  total  heights  of  the  bands. 

*  Calculated  from  the  increased  heights  of  the  bands. 

*  The  reading  in  Fig.  6,  p.  772,  corresponds  to  about  5.85,  whereas  Howe  and 
Gibson  give  5.95  in  Pig.  8.  This  and  other  similar  discrepancies  are  too  small  to  war- 
rant discussion. 

» Loc.  cU, 
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the  article  by  Howe  and  Gibson  appeared,  and  which  wUl  be  discussed  in 
full  in  another  article.  We  will  here  consider  only  the  interpretation 
of  the  results  for  the  7  phenolphthalein  compounds  mentioned  above. 

All  of  these  indicators  are  dibasic,  tautomeric  adds,  and  their  behavior 
depends  on  the  relative  magnitudes  of  the  various  aflSnity  constants  of  tiie 
acid  radicals  and  upon  the  equilibrium  constants.  In  the  preceding  sec- 
tion on  sulfonphthaleins  we  concluded  that  adding  chloro,  bromo,  nitro,  etc, 
to  the  phthalic  add  residue  strengthens  this  group  but  does  not  ap- 
preciably affect  the  strength  of  the  add  phenolic  group,  the  phenolsulfon- 
phthalein  and  phenolnitro-sulfonphthaldn  having  the  same  Ph  range  6.8- 
8.4  and  thymolsulfonphthaldn  and  thymolnitro-sulfonphthalein  having 
about  the  same  Ph  range,  namely,  about  8.0  to  9.5.  But  adding  bromo  and 
iodo  groups  to  the  phenol  residue  raises  the  phenolic  affinity  constant 
without  appreciably  disturbing  the  Ki.  When  at  the  same  time  chloro 
groups  are  added  to  the  phthaJic  add  residue,  and  chloro,  bromo  or  iodo 
groups  to  the  phenol  residue,  the  same  general  rdations  can  be  roughly 
predicted. 

Now  according  to  the  quinone-phenolate  theory,  the  intensity  of  this 
green  band,  which  is  present  in  all  of  these  compounds,  is  a  measure  of 
the  amount  of  quinone-phenolate  ion  present.  In  very  dilute  solutions 
the  quinone-phenolate  ssJt  can  be  considered  as  practically  completdy 
ionized,  espedally  if  the  molecular  salt  is  also  assumed  to  have  the  same 
color.  This  red  ion  is  formed  from  the  yellow  quinoid,  HiQ,  as  has  been 
shown  in  the  preceding  articles,  and  can  exist  in  the  two  forms  HQ'~ 
(quinoidal-phenolate  primary  ion)  andQ —  (quinoidal-phenolate  secondary 
ion).  We  can  assume  as  a  first  approximation  that  if  oU  of  the  indicator 
were  in  the  form  Q — ,  for  high  alkalinity,  the  intensity  of  the  green  band 
(at  its  center  point)  would  be  nearly  the  same  for  all  substances  of  die 
phenolphthaldn  and  phenolsulfonphthaldn  series  of  indicators.  This 
assumption  is  based  on  experimental  facts  which  will  be  devdoped  in  the 
following. 

Let  us,  as  before,  /issume  equilibrium  between  the  molecular  lactoidal 
and  quinoidal  form  (HiL)/(HsQ)  —  Ri. 

Then,  as  shown,  the  equilibrium  between  the  dibasic  ions  is  given  by 

L~/Q~  =  ^  -  RiKtKi/KiKt  (13). 

For  high  addity  the  ratio  of  all  lactoidal  to  all  quinoidal  forms  is  given 
by  Ru  for  high  alkalinity  by  Rj,  This  has  been  shown  in  Equations 
7  and  13.  The  phenolphthalein,  as  a  free  add,  is  colorless  and  is  there- 
fore considered  to  exist  almost  entirdy  in  the  colorless  lactoidal  form. 
Certainly  the  absorption  is  hardly  more  than  the  experimental  errors  in- 
volved in  the  measurements,  namdy  at  least  o.i  or  0.2%.  Therefore 
i?i  is  large.  Furthermore,  an  analysis  of  the  work  of  Rosenstein,  together 
with  that  of  Howe  and  Gibson,  indicates  that  Ki  is  10'  or  greater,  also 
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that  K\  is  of  the  order  io~*  and  Kt  is  about  lo^^  K%  and  K4  must  be 
of  the  same  order  and  Rt  «  L — /Q —  =  RiKJCi/KiKt  can  easily  become 
i^  »  I,  as  shown  below  by  the  experimental  data.  If  R$  »  R1K9K4/' 
KJCt  =  I  it  follows  that  the  introduction  of  halogens  into  the  phenol 
groups  win  increase  KJC^/Kt  very  greatly,  say  from  10  to  lo*  fold,  without 
changing  Ki  materially.  If  we  assume^  for  the  moment  that  Ri  remains 
constant  it  follows  that  L — /Q —  must  increase  10  to  10*  fold  and  that 
the  per  cent,  of  quinone-phenolate  salt  must  decrease  to  a  value  of  from 
10  down  to  1%.  In  other  words,  the  indicator  will  be  practically  lactddal 
and  faintly  colored  in  alkaline  solution.  That  this  theory  is  correct  is 
shown  in  Table  II  where  it  is  seen  that  not  over  2%  of  the  tetradiloro-, 
bromo-,  or  iodophenolphthalein  forms  the  quinone-frfienolate  salt  in  alka- 
line solution.  If  on  the  other  hand,  K\  is  made  larger  by  the  4  chlorines 
in  phenoltetrachloro-phthalein  and  Rt  becomes  i/io  as  large  as  for  phenol- 
phthalein,  then  90%  or  more  of  the  phenoltetrachloro-phthalein  would  be 
in  the  quinone-phenolate  form  in  alkaline  solution.  This  is  shown  in 
Table  II  below.  The  introduction  of  halogens  into  the  phencd  groups 
of  phendtetrachloro-phthalein  would  then  raise  the  value  of  /^  as  above, 
and  decrease  the  per  cent,  of  quinone-phenolate  salt  to  the  17  and  40% 
given  for  tetrabromo-phenoltetrachloro-phthalein  and  the  tetraiodo 
compound  in  Table  II.  The  halogen  derivatives  of  phendtetrachloro- 
phthalein  have  therefore  a  greater  qiedfic  color  intensity  than  the  corre- 
sponding ones  of  phencdphthalein  but  a  smaller  specific  ccdor  intensity 
than  the  corresponding  phenolsulfonphthalein  derivatives.  We  thus  have 
three  classes  of  indicators  giving  a  wide  range  of  per  cent,  of  quinone- 
phcpolate  salt  in  the  alkaline  solution,  the  determining  factors  most  ap- 
parent being  the  diBferent  values  for  Ri  and  the  increasing  value  of  Ki 
for  the  phthalic  add,  tetrachloro-phthalic  add,  and  phendsulfonic  add 
residues.    These  dasses  will  give  interesting  measurements. 

For  phenoltetrachloro-phthalein,  we  have  the  strongest  phthalic  add 
group,  and  the  relativdy  weakest  phenol  group.  Therefore  Ki  is  much 
greater  than  the  Ki  iot  the  phenolphthaldn  and  therefore  proportionatdy 
greater  than  the  Kt  of  the  phendtetrachloro-phthaldn  and  unless  Ri 
is  veiy  large,  the  substance  will  exist  almost  entuely  in  the  quinoidal 
form,  for  high  alkalinity.  In  aqueous  ^lution  and  at  high  alkalinity  the 
intensity  of  the  green  band  for  this  substance,  in  the  units  used  by  Howe 
and  Gibson,  is  5.95.  They  -found  the  intensity  of  the  same  band  for 
phenolsulfonphthalein,  which  is  known  from  our  previous  work  to  be 
practically  entuely  in  the  quinoidal  form  at  high  alkalinity,  to  be  4.50 
with  2  mols  alkali  in  water,  and  5.2  with  10  mols  alkaU  in  alcohol.  Howe 
and  Gibson   did   not  reach   the  true  "end-point"*  with  phendsulfon- 

'  See  the  discussion  of  R\  and  R%  on  page  1047. 

t  By  the  "end-point"  we  mean  obviously  the  stage  of  neutralization  of  the  indi. 
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phthaldn  as  it  is  necessary  to  add  more  than  2  mols  alkali  to  do  this  with 
0.0001  N  aqueous  solutions.  The  work  of  the  present  authors  also 
shows  that  when  all  the  substance  is  evidently  in  the  quinoidal  form,  at 
high  alkalinity,  the  intensity  of  the  green  band  is  approximately  the 
same  for  various  different  indicators  of  the  phenolsulfonphthalein  series. 
We  can  at  first  therefore  take  5.95  as  an  approximate  measure  of  the  in- 
tensity of  this  band  when  we  have  0.000,1  N  concentration  of  quinone- 
phenolate  ions  in  a  one  cm.  cell,  the  unit  used  by  Howe  and  Gibson. 

Then  since  for  phenolphthalein  the  intensity  in  water  is  only  2.62,  it  indi- 
cates that  only  about  V2  ^^^  indicator  salt  is  in  the  quinoidal  form,  even  for 
very  high  alkalinity.  This  is  contrary  to  the  conclusion^  of  past  investiga- 
tors, but  the  very  accurate  data  of  Howe  and  Gibson  and  our  own  measure- 
ments allow  of  no  other  interpretation,  so  far  as  we  can  see.  Rz  is  there- 
fore approximately  unity,  and  it  is  difficult  to  see  how  it  could  be  greater 
than  two  or  less  than  0.5.  This  fact,  combined  with  Rosenstein's  data 
(to  be  later  discussed)  yields  the  approximate  values  of  the  primary 
ionization  constants  given  above. 

All  of  the  other  substances  used  by  Howe  and  Gibson  can  be  similarly 
studied  and  interpreted.  For  tetrabromo-phenolphthalein  the  phenol 
affinity  constant  (Kz)  is  probably  fully  as  large  if  not  larger  than  Ki  and 
therefore  if  1%  is  in  the  quinoidal  form  at  the  start  (high  acidity)  only 
1%  or  less  will  be  in  that  form  at  the  end  (high  alkalinity).  The  in- 
tensity of  the  band  is  0.033  and  so  about  0.5%  is  in  the  quinoidal  form 
at  the  end. 

We  have  calculated  Howe  and  Gibson's  results  in  the  following  way: 
First,  we  have  assumed  a  value  5.95  for  the  index  of  any  indicator  existing 
in  any  solvent  entirely  as  the  quinone-phenolate  form.  We  have  then 
used  Howe  and  Gibson's  data  to  calculate  the  per  cent,  of  each  indicator 
actually  present  in  the  quinone-phenolate  form,  Q — ,  when  varying  quanti- 
ties of  alkali  are  added,  the  difference  between  tmity  and  the  per  cent,  of 
quinone-phenolate  giving  the  per  cent,  of  lactoidal  dibasic  colorless  ion  L — • 
The  ration  Rz  =  L — /Q —  is  then  readily  calcidated  and  is  given  for  both 
alcohol  and  water  in  Table  II,  which  was  computed  by  Professor  Bright. 

cator  at  which  the  qumone  phenol  -C(:C6H4:0)(C«H40H)  (and  its  tautomer,  if 
any)  is  fully  converted  into  the  corresponding  quinone-phenolate  ion  (and  its  tautomer, 
if  any).  In  measuring  this  "end-point"  spectrophotometrically  within  any  given 
experimental  error  a  correction  must  be  made  for  any  unchanged  quinone  phenol 
(and  tautomer,  if  any)  and  for  any  substance  (such  as  the  colorless  hydrated  salt) 
which  is  formed  from  the  quinone-phenolate  (or  tautomer,  if  any)  and  whose  concentra- 
tion depends  upon  the  concentration  of  the  hydrogen  (hydroxyl)  ions  or  upon  a  "salt 
effect."  See  also  Brightman,  Hopfield,  Meacham  and  Acree,  Tms  Journai^,  40, 
1940  (1918). 

>  For  example,  see  an  excellent  discussion  by  A.  A.  Noyes,  This  Journai<,  3a, 
8x6,  S17  (1910). 
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man.  As  discussed  below,  Q —  is  too  small,  and  L —  is  too  large  because 
it  reaUy  involves  the  unchanged  indicator,  the  colorless  and  yellow  mono- 
basic salts  and  any  hydrated  or  alcoholated  colorless  salt.  Consequently 
Rt  will  probably  be  lowered  in  all  cases  when  the  true  "end-point"  for  each 
substance  is  meastured.  The  results  for  the  aqueous  solutions  are  probably 
much  nearer  the  "end-point"  than  those  for  the  alcoholic  solutions. 

It  seems  that  the  following  preliminary  conclusions  can  be  drawn  from 
the  tables:  First,  as  indicated  in  Table  I,  the  addition  of  increasing 
quantities  of  alkali,  up  to  20  mols  in  some  cases,  increases  the  quinone- 
phenolate  concentration  and  hence  the  absorption  index,  until  the  "end- 
point"  is  reached,  at  which  all  of  the  indicator  is  converted  into  the  dibasic 
lactoidal  and  quinone-phenolate  salts.  Howe  and  Gibson  followed  the 
"titration  method"  of  White^  and  fotmd  the  greatest  change  in  phenol- 
suHonphthalein  between  one  and  two  mols  of  alkali  in  aqueous  solution, 
which  accords  with  the  prior  work  of  White  and  Guy  and  ourselves  and 
with  the  theory.  This  gradual  increase  in  absorption  index  with  in- 
crease in  alkali  up  to  and  beyond  the  "turning  point"  has  been  investi- 
gated very  extensively  with  a  munber  of  sulf onphthalein  indicators  by 

Table  II. — ^Pbr  cbnt.  ov  Various  Indicators  in  Quinonb-phsnoi«atb  Form  in 

AucAUNK  Aquqous  and  Alcohouc  Solutions. 

Phenottetrachloro-phtlialein  TakeD  as  100%  Quinoidal  in  Aqueous  Solution  with  an 

Absorption  Index  5.95. 

Aqueous.  Alcoholic. 

Itt^cator.                                          S           ^            S       ^  <            ^                & 

Phenolphthalem 10         0.44      4    1.5 

10  H.3  1 .27        7.8S    6.20 

Tetrachloro-phenolphtlialem 4          0.354  10  00354  282  2820        10 .0 

Tetiabromo-phenolphthalein 4          0.555  10  0.095  180  1052          5.85 

Tetraiodo-phenolphthalein 4          1.68    10  0.208  58.5  481          8.2 

2  23.5 

4  43.3 

Phendtetrachloro-phthalein 2        100  (by  10  67 .2  o  o  .49     . . . 

definition) 
Tetrabromo-phenolt  e  t  r  a  c  h  I  o  r  o- 

phthalein 4        17  4    2.34 

30    3.3  4.88      29.2      6.0 

Tetraiodo-phen  ol  t  e  tra  c  h  lor  o- 

phtbaleln 4        40  5     4-5^  i  .50      20.6     13.7 

Phenolsulfonphthalein i        11. 3      1086.6  

1.5     60.5 
2        74.8 
^  Lmc.  dt,,  see  also  Lubs  and  Acree,  This  Journal,  38,  2772  (1916}. 
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Professor  J.  S.  Guy  in  1916  in  codperation  with  our  own  work  and  has 
been  used  in  calculating  the  af&nity  constants.  Secondly,  as  far  as  we 
can  judge  until  the  indexes  for  the  true  ''end-points"  are  measured,  all 
of  these  tables  and  figures  show  clearly  the  following:  the  larger  the  ratio 
of  Ki,  the  ionization  constant  for  the  carboxyl  or  sulf<mic  add  group,  to 
Ki,  the  ionization  constant  of  the  first  phenol  of  the  lactoid  form,  the 
larger  the  abs(»rption  index  and  pei*  cent,  of  quinone  phenolate  in  the 
alkaUne  solution.  The  larger  the  values  of  KzKa  are  made,  in  com- 
parison with  KiKt,  by  the  introduction  of  n^;ative  groups  into  the  phenolic 
residues  (Ri  remaining  constant),  the  larger  the  per  cent,  of  lactoidal 
colorless  salt  in  the  alkaline  solutions  and  the  smaller  the  absorption 
index.  It  is  hoped  that  in  time  methods  for  the  direct  measurement 
of  the  concentration  of  the  lactoidal  colorless  salts  will  be  developed  and 
that  more  will  be  learned  about  Ri. 

We  see  that  Howe  and  Gibson's  results  for  aqueous  and  alcoholic 
solutions  are  similar,  but  the  Rz  (ale.)  is  in  all  cases  larger  than  Rz  (aq.), 
and  as  the  last  column  shows,  the  ratio  Rz  {dlc.)/Rz  (aq.)  is  not  constant. 
But  this  result  is  not  unexpected  for  the  formation  of  the  alcoholate  and 
especially  alcohol)rsis  tend  to  prevent  the  * 'end-point* '  being  reached 
unless  a  larger  number  of  moles  of  alkaU  are  added.  But,  as  the  data  of 
Howe  and  Gibson  show,  10  mols  of  alkaU  were  added  for  the  first  indica- 
tors, but  only  4  moles  of  alkali  for  the  last  3  indicators.  The  concentra- 
tions used  are  also  different  for  different  indicators,  and  otu:  results  have 
shown  that  the  munber  of  moles  of  alkali  necessary  to  reach  the  true 
"end-point"  depends  radically  upon  the  concentration.  Their  curves 
show  clearly  that  4  and  even  20  mols  of  alkali  have  not  produced  the  full 
color  change  in  alcohol  and  the  ratios  given  for  the  last  two  indicators 
may  be  proportionately  too  large.  With  complete  data  it  will  be  very 
important  to  study  these  ratios  and  the  equilibrium  and  afiOmity  constants 
in  water,  alcohol,  acetone,  etc.,  as  we  have  proposed  in  an  earlier  article^ 
to  do.  By  determining  the  ion  product  if .ic.  =  H  X  OCiH*  for  ptu^e  ethyl 
alcohol  and  using  sodium,  potassium  and  lithium  ethylates  it  will  be 
possible  to  measure  the  alcohol3rsis  and  affinity  constants  of  a  large  number 
of  weak  adds  (phenols,  ketones,  amines,  etc.),  many  of  which  arc  in- 
soluble in  water. 

Besides  the  changes  of  intensity  of  the  green  band,  there  is  also  the 
usual  shift  in  position,  due  to  loading  down  the  molecule.  Howe  and 
Gibson  discussed  this  shift  and  show  that  it  increases  with  the  atomic 
wdght  of  the  added  group. 

An  examination  of  Equations  13  and  7  shows  that  we  are  now  in  a 
position  to  begin  to  calculate  the  values  of  i?i,  Rz,  and  KzKa/KiKx  ap- 

*  Am,  Chem.  /.,  39,  542  (1908),  and  later  articles. 
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pro^dmately  from  the  experimental  data  on  some  of  these  constants  in- 
stead of  having  to  rely  on  the  obviously  weak  assumption  used  above  that 
Ri  does  not  change  in  some  cases.  The  equations  become  HjL/HjQ  ■• 
Ri  =«  RiKiKi/KzKiOrlltQ  =  UilK^Ki/R^iKi.  For  coloriess  indicators 
of  the  phenolphthalein  type,  H2Q  is  too  small  to  be  measured  directly 
today.  But  H^L  is  practically  the  concentration  of  the  free  indicator, 
Rz  can  now  be  approximately  measured  by  the  methods  outlined  in  this 
paper;  by  measuring  KiKi/KJCi  we  can  calculate  HjQ  and  hence  Ru 
In  the  sulfonphthalein  series  we  shall  probably  be  able  to  measure  2?i  and 
Rz,  or  one  of  its  components,  directly  and  hence  secure  better  experi- 
mental data  on  all  these  constants. 

More  light  on  the  values  of  2?i  and  Rz  is  greatly  needed.  For  example, 
the  introduction  of  4  bromines  into  the  phenol  groups  of  the  phenol- 
sulfonphthalein  does  not  materially  change  the  per  cent,  of  Q —  in  alkaline 
solutions,  and  the  useful  Ph  range  corresponding  to  K^  is  therefore  lowered 
greatly,^  from  6.5-8.5  to  2.8-4.6.  But  the  introduction  of  4  bromines  into 
phenolphthalein  lowers  the  midpoint  of  the  Ph  range  from  about  9  to  only 
about  8,  or  only  V*  the  change  for  phenolsulfonphthalein.  This  apparent 
discrepancy  becomes  dear  from  the  equation  for  expressing  the  change 
of  color  with  change  in  (a)  concentration  of  the  hydrogen  ions  and  in  (b) 
the  equilibrium  and  ionization  constants,  which  will  be  developed  fully 
in  a  later  article.  The  equation  shows  clearly  that  the  hydrogen  ion 
(:amKi'Rz-KzRi-K{)/{Ri  +  i)][aV(i  -  «01  = 

(KiK,  +  Ki'H)iRz  +  i)/(2?i  +  i)  (22) 
concentration  necessary  to  produce  50%*  of  the  specific  absorption  index 
(or  specific  color  intensity)  depends  not  only  on  Ku  and  on  -K"/,  Kt,  and 
Kz,  which  are  ionization  constants  for  phenols  increased  in  strength  by 
the  bromines,  but  also  on  (i?i  +  i)/{Ri  +  i).  Considering  the  right  side 
of  the  equation,  we  see  that  the  Ph  range  can  be  lowered  greatly  by  intro- 
ducing the  4  bromines  (as  in  tetrabromo-phenolsulfonphthakin)  provided 
the  increases  in  Ki  and  K^  are  not  offset  by  a  decrease  in  {Rz  +  i)/(Ri  +  i), 
or  can  be  lowered  sligjttly  (as  in  tetrabromo-phenolphthalein)  or  even 
increased,  provided  a  decrease  in  {Rz  +  i)/{Ri  +  i)  more  than  offsets 
increases  in  Ku  Kt  and  K^.  We  have  seen  from  Table  II  that  {Rt  -f-  i)  ■= 
about  (1.25  4-  i.o)  =  2.25  for  phenolphthalein  becomes  {Rz  +  i)  = 
about  (180  4-  i)  =  181  for  tetrabromo-phenolphthalein.    This  increase 

^  Lubt,  Whhe  and  Acree,  Tms  Journal,  38,  2779  (1916);  39,  649,  651  (1917); 
Liibs  and  Clark,  Loc,  cit, 

*  50%  neutralization  of  the  indicator  by  a  base  does  not  necessarily  correspond 
to  50%  of  the  specific  absorption  index.  Thus  50%  neutralization  of  phenolstilfoo- 
phthalein  gives  the  jrellow  monobasic  salt  and  only  a  few  per  cent,  of  the  dibasic  quinone- 
phenolate  salt,  and  it  requires  around  75%  of  neutralization  to  give  50%  of  the 
specific  absorptioi]  index. 
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of  80-fold  multiplied  by  3,000,^  the  increase  in  the  ionization  constant  Kt 
for  the  phenolic  group  by  the  introduction  of  the  4  bromines,  gives  a 
change  of  say  240,000-fold^  in  the  numerator  and  the  (i?i  +  i)  must 
ther^ore  increase  24,000-fold  to  balance  the  change  of  the  hydrogen  ion 
concentration  from  io~*  for  phenolphthalein  to  10"^  for  tetrabromo- 
phenolphthalein.  The  left  side  of  the  equation  must  be  treated  in  the 
same  way,  and  this  example  serves  to  illustrate  the  underlying  ideas  which 
will  be  applied  later  in  detail.  Since  {Ri  +  i)  is  already  large  for  phenol- 
phthalein, say  1000  or  larger,  an  increase  of  24,000  fold  means  simply 
that  free  tetrabromo-phenolphthalein  has  practically  no  quinoidal  com- 
ponent in  the  aqueous  or  alcoholic  solution. 

Our  own  absorption  spectra,  and  those  of  Howe  and  Gibson,  for  phenol- 
sulfonphthalein  give  further  very  important  evidence  on  the  question 
whether  the  quinone  group  remains  free  or  combines*  with  the  phenolate 
ion  or  salt  to  form  intensely  colored  double  compotmds  very  much  like 
those  which  Jackson^  made  by  the  union  of  quinones  with  phenol  salts. 
The  free  sulfonphthaleins  with  nonionized  phenols  give  an  absorption 
band  in  the  violet  centering  at  about  2300  and  another  in  the  ultra- 
violet at  3770.  The  specific  absorption  index  for  the  violet  band  [ap- 
parently about  two  for  phenolsulfonphthalein]  will  be  used  in  this  entire 
series  for  meastuing  the  per  cent,  of  free  quinoidal  add,  HsQ.  This 
violet  band  practically  disappears  in  alkaline  solution  and  new  bands  are 
formed  at  about  1800,  2800  and  3500.  It  therefore  seems  certain  that 
the  quinone  group,  or  quinonephenol  group,  — C(:C«H4:0)(C6H40H), 
disappears  and  is  changed  into  the  quinone-phenolate  group, 
— C(:CeH4:0)(C«H40K),  as  described  in  the  earlier  articles.    This  phase 


of  the  theory  needs  and  will  receive  very  dose  attention. 

In  the  above  calculations  it  was  asstuned  that  the  colorless  salts  are 
lactoidal,  and  not  hydrated  (alcoholated  in  alcohol)  tribasic  salts 
KOOCC«H4C(OH)(C«H40K),.  The  fine  work  of  Kober  and  Marshall* 
on  the  fading  of  phenolphthalein  shows  that  an  excess  of  alkaU  causes 

*  This  is  the  increase  in  Kt  observed  by  introducing  the  4  bromines  into  phenol- 
sulfonphthalein and  is  used  here  for  illustration.  It  will  be  very  important  to  see  how 
K%  and  the  other  constants  are  changed  by  the  introduction  of  the  same  substituent 
groups,  in  the  aurine,  phenolphthalein,  phenolsulfonphthalein  and  similar  series. 

*  This  factor  omits  K'lH  as  small  in  comparison  with  KiKt  in  the  numerator. 

*  Am.  Chem,  /.,  39, 534  (1908);  42,  122  (1909).  White  and  Acree,  Tras  Journai,, 
39,  650  (1917);  40,  1092  (1918),  and  forthcoming  dissertation.  Lubs  and  Acree,  Ibid., 
38,  2773.  2783  (1916). 

*Am.  Chem.  J.,  x8,  i  (1896);  34,  441  (1905)*  Wichelhaus,  Ber.,  5,  849  (1873); 
Posner,  Ann.,  336,  85  (1904)- 

*This  Journai*,  33,  59  (1911)*  See  also  Slagle  and  Acree,  Am.  Chem.  J.,  S9i 
533.  542  (1908);  4^1  126,  137-9  (1909). 
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quick  fading  of  the  color  and  that  the  final  intensity  varies  inversely 
as  the  concentration  of  the  free  alkali.  Since  Howe  and  Gibson  doubtless 
used  the  most  refined  spectrophotometric  technique  they  would  certainly 
have  discovered  any  fading  and  we  have  assumed  therefore  that  no  fading 
and  formation  of  hydrated  salts  took  place.  If  in  any  case  (#.  ;.,  of  low 
color  intensity )  there  is  doubt  as  to  whether  sufSdent  alkali  has  been 
added  to  reach  the  "end-point"  or  whether  some  of  the  colorless  hydrated 
salt  is  already  present  the  point  can  be  checked  by  adding  more  alkali 
(ethylate  in  alcohol)  to  see  whether  the  color  increases  or  decreases  ac- 
cording to  theory.  This  check  and  the  study  of  fading  should  be  applied 
most  carefully  in  all  cases  for  short-  and  long-time  periods  to  correct  for 
the  true  "end-point"  and  has  been  given  the  closest  scrutiny  in  our  own 
work.* 

It  will  be  recalled*  that  phenolphthalein  ethers,  (C«H4COO)C(C6H40R)- 
(C«H40H),  p-oxydiphenyl-phthaUd,  (C«H4COO)C(C«H»)(C«H40H),  and 
similar  substances  dissolve  in  alkalies  as  faintly  colored  or  colorless  solu- 
tions. Green«  believed  that  the  hydrated  salt  KOOCCsEUCCOH)- 
(C«H40K)(C6H40R)  is  formed  in  such  cases  and  one  of  us  has  pointed 
out  the  evidence^  on  the  question  whether  there  may  not  be  a  lactoidal 
salt  formed.  These  are  very  important  cases  for  the  general  theory  and 
it  is  proposed  to  study  the  afiEinity  constants  of  the  indicators  forming  such 
faintly  colored  solutions  by  (a)  adding  the  proper  indicators  to  such 
(nearly)  colorless  solutions  and  seeing  spectrophotometrically  how  much 
indicator  salt  and  colorless  salt  are  formed  and  hence  telling  whether  the 
affinity  constant  of  the  colorless  substance  in  solution  corresponds  to  the 
weak  phenolic  group  of  the  lactoidal  form  or  to  a  much  stronger  (10'-  to 
loMold)  carboxyl  group  of  a  hydrated  form;  and  by  (6)  using  partition 
between  two  solvents  to  measure  the  hydrol3rsis  and  affinity  constants 
to  get  the  same  data.  It  is  dear  that  all  of  these  different  phases  of  the 
theory  must  and  will  be  studied  in  order  to  get  a  dear  vision  of  the  funda- 
mental underlying  causes  of  these  color  changes. 

Condttslons. 

1.  Equations  are  given  to  show  the  rdation  between  the  specific  ab- 
sorption index  (or  spedfic  color  intensity),  or  per  cent,  of  intensity  colored 
quinone-phenolate  salt,  and  the  equilibrium  and  affinity  constants  of  the 
two  add  groups  of  phenolphthalein  and  phenolsulfonphthalein  indicators. 

2.  A  spectrophotometric  method  is  proposed  for  measuring  the  con- 
centration of  the  monobasic  yellow  quinone  phenol  salt  and  of  the  dibasic 
iQtensdy  colored  quinone-phenolate  salt  in  any  solution,  and  the  per  cent. 

*  Brigfatman,  Hopfield,  Meacham  and  Acree,  This  Journai*,  40,  1940  (19 18}. 

*  Arm.,  354»  i7i  (1907);  Ber.,  40, 3728  (1907); Ibid,,  30, 177  (1897). 

*  Green  and  King,  /.  Chem.  Soc,,  85,  398  (1904);  Ber,,  40,  3724  (1907}. 
«  Am.  Chem.  J.,  39f  53^  (1908);  42, 126, 137-9  (1909). 
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of  any  indicator  transformed  into  the  quinone-phenolate  salt  in  alkaline 
solution. 

3.  By  the  use  of  the  equations  and  the  spectrophotometric  data  by  Howe 
and  Gibson  and  by  ourselves,  we  have  shown  that  sulfonphthalein  indica- 
tors are  transformed  practically  completely  intb  quinone-phenolate  salts 
and  are  therefore  very  fine,  intensely  colored  indicators.  Phenol- 
phthalein  is  changed  to  the  extent  of  only  about  44%  into  the  intensely 
colored  quinone-phenolate  salt,  the  remainder  forming  the  colorless  lac- 
toidal  (and  hydnited)  salts.  Tetrachloro-,  tetrabromo-,  and  tetraiodo- 
phenolphthalein  form  only  about  i  to  2%  of  the  intensely  colored  quinone- 
phenolate  salt,  the  remaining  98  or  99%  forming  the  colorless  lactoidal 
(and  hydrated)  salts.  These  indicators  are  therefore  very  poor  for 
analytical  work.  The  introduction  of  4  chlorines  into  the  phthalic  add 
residue  of  phenolphthalein  makes  phenoltetrachloro-phthalein  an  excellent 
indicator  which  changes  to  probably  90%  or  more  into  the  intensely 
colored  quinone-phenolate  salt.  The  introduction  of  halogens  into  the 
phenol  groups  of  phenoltetrachloro-phthalein  gives  bromo  and  iodo  deriva- 
tives, for  example,  which  can  give  only  17  and  40%,  respectively,  of  the 
intensely  colored  quinone-phenolate  salt  in  alkaline  solution. 

4.  We  have  pointed  out  how  the  application  of  spectrophotometric 
methods,  and  the  proper  equations  derived  by  the  use  of  the  mass  law, 
to  these  indicators  gives  us  for  the  first  time  an  approximate  measiure 
of  the  real  equihbrium  and  aflSnity  constants  of  the  two  add  groups  in 
indicators  of  the  phenolphthalein  and  the  phenolsulfonphthalein  types. 

5.  The  disappearance  of  the  violet  band  at  2300  for  phenolsulfou; 
phthalein  indicates  that  in  alkaline  solution  the  quinone,  or  quinone-phenol, 
group  is  changed  into  a  quinone-phenolate  complex  ion  like  the  intensdy 
colored  double  compounds  which  Jackson  made  by  the  union  of  quinone 
and  phenolate  salts. 

Stkacusb,  Nsw  York. 
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THE  LIQUID  AMMONIA-SODIITM  METHOD  FOR  HALOGENS 
IN  ORGANIC  COMPOUNDS,  THE  FORMATION  OF 
CYANIDE,  AND  METHOD  OF  REMOV- 
ING FROM  THE  SOLUTION.! 
Bt  Chabx^bs  WnAiAM  Clifford. 

Received  March  18,  1919. 

The  literature  on  the  determination  of  halogens  in  organic  compounds 
by  utilizing  metallic  soditun  or  potassitmi  dissolved  in  liquid  ammonia  is 
meager,  only  two  articles*  being  available.  Since  this  method  has  been 
known  only  a  comparatively  short  time  and  is  not  widely  used,  an  inves- 
tigation of  its  accuracy  was  undertaken  with  a  view  of  adopting  it  in  this 
laboratory. 

The  liquid  Ammonia-Sodium  Method.— The  manipulation  consists 
essentially  in  placing  a  small  quantity  of  the  sample  in  a  Dewar  flask 
and  adding  liquid  ammonia.  The  material  for  analysis  need  not  be  solu- 
ble in  the  liquid  anmionia;  if  it  is  insoluble  it  must  be  finely  divided. 
Metallic  sodium  is  then  added  in  small  pieces  tmtil  an  excess  is  evidenced 
by  a  permanent  blue  color  throughout  the  solution.  By  this  treatment 
the  halogen  of  the  organic  compotmd  is  entirely  converted  into  inorganic 
halide.  After  evaporation  of  the  excess  of  ammonia  a  little  alcohol  is  used 
to  take  up  any  soditun  remaining  tmcombined.  The  residue  is  taken  up 
with  water  and  acidified  with  nitric  add.  The  halogen  is  determined 
usually  by  precipitation  with  standard  silver  nitrate  in  excess,  followed  by 
titration  with  soditun  thiocyanat^. 

EzperimentaL 

Substances  for  First  Analyses. — Carbon  tetrachloride  and  carbon  hexa- 
chloride  (hexachloro-ethane)  were  taken  as  being  typical  organic  com- 
potmds  although  high  in  halogen.  The  sample  of  hexachloride  had  been 
recrystaUized  from  alcohol  and  the  tetrachloride  was  redistilled  from  c.  p. 
mati^rial. 

Indications  of  the  Formation  of  Cyanide. — ^Analysis  of  two  samples  of 
the  tetrachloride  sealed  in  glass  btilbs  gave  an  odor  upon  being  acidified, 
similar  to  that  of  hydrocyanic  add,  and  the  following  percentages  of 
chlorine  were  found:  98 .  40  and  96 . 80  (theoretical  is  92 . 20). 

Proof  of  Cyanide  Formation. — ^Unwdghed  samples  of  both  compotmds 
were  accordingly  treated  with  soditim  in  liqtiid  ammonia  and  qualitative 
tests  for  C3ranide  applied,  with  these  results. 

Tabi^b  I.— Tb8T3  for  Ctaiods. 

Method  of  tettinf  for  cjanide.  CCU.  CtCU.  Blanks. 

Ferric  ferroeyanide  test posttive  positive  negative 

Ferric  thiocyanate  test positive  positive  negative 

^  Pidblidied  by  permission  of  the  Director  of  Chemical  Warfaie  Service. 
*B.  Cfaablay,  Ann.  Mm.,  9,  I,  469-5i9'2(i9i4)i'   C.  A.,  8,  3422  (1914);  Dains, 
Van^^baa  and  Jaimej,  Tm»  Journal,  40, 936  (1918), 
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The  foregoing  results  prove  the  formation  of  cyanide  in  these  cases. 
The  blanks  gave  negative  tests  for  halides  showing  the  purity  of  all  re- 
agents in  this  respect.  The  formation  of  cyanide  is  not  mentioned  in 
the  references.  If  formed  it  must  be  eliminated  or  determined  in  order 
to  arrive  at  the  true  halogen  content. 

Degree  of  Decomposition  of  Silver  Cyanide  and  Elimination  of  Cyanide 
by  Boiling  the  Nitric  Acid  Solution.— Some  cyanide  will  be  eliminated 
during  the  heating  of  the  solution  and  silver  precipitate,  as  a  result  of  the 
decomposition  of  the  silver  cyanide  in  the  hot  dil.  nitric  add.  Tests 
using  known  solutions  were  carried  out  to  ascertain  the  completeness 
of  this  decomposition  and  of  the  elimination  of  cyanide  by  boiling  in 
nitric  add  solution.  Solutions  of  sodium  chloride,  sodium  bromide, 
sodium  iodide,  and  sodium  cyanide  were  made  up  to  0.032  N  concentra- 
tion.  The  chloride  was  recrystallized  from  c.  p.  material  by  means  of 
hydrogen  chloride;  the  bromide  was  c.  p.  material  recrystallized  once 
from  hot  water  but  was  unsatisfactory,  possibly  due  to  impurities  not 
removable  by  this  operation;  the  iodide  was  c»  p.  material  obtained  from 
a  reputable  firm.  Aliquots  of  each  sodium  halide  solution  equal  to  40 
cc.  of  0.02  N  were  taken  and  an  aliquot  of  sodium  cyanide  equal  to  38.5 
cc.  of  0.02  AT  added  to  each.  A  definite  excess  (100  cc.  except  in  two 
cases)  of  0.02  AT  silver  nitrate  was  next  added,  followed  by  neutralization 
with  6  N  nitric  add,  the  addition  of  the  specified  amotmts  of  6  N  nitric 
add  in  excess,  and  dilution  to  250  cc.  In  the  control  tests  50  cc.  of  the 
silver  nitrate  was  added  to  the  aliquot  of  the  soditun  halide  before  the 
nitric  add  was  added.  The  solutions  were  then  boiled  carefully  for  3 
hours,  a  much  longer  heating  than  in  the  regular  volumetric  procedure. 
The  containers  were  500  cc.  Erlenmeyer  flasks  covered  with  watch  glasses 
supported  on  glass  rods.  After  cooling  and  filtering,  the  solutions  were 
titrated  with  0,02  N  sodium  thiocyanate,  using  ferric  altun  as  the  indi- 
cator. The  graduated  apparatus  had  been  previously  calibrated,  and 
temperature  corrections  were  applied  to  the  solutions;  this  is  true  of  all 
quantitative  analyses  reported  in  this  paper. 

Table  II. 
Cc.  of  0.02  N  Cyanide  Undecomposed  by  BoHing  in  DiL  Nitric  Add. 

Added  25  cc.  0.032  N, 


Concentration  of  acid.  NaCl.  NaBr.  Nal. 

lo  CC.  free  6  iV  HNOi.  250  CC.  vol 0.07^  0.15         0.24 

0.06 

50  cc  free  6  i^  HNOi,  250  cc  vol — o.oi*  •  — 0.02*        o.oi* 

— o.i8« 

The  decomposition  of  silver  cyanide  and  the  elimination  of  cyanide  by 

^  50  cc  silver  nitrate  used.' 

*  Solubility  of  silver  halide  or  volatilizatioa  of  halogen  may  possibly  afiFect  these. 
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oxidation  or  volatilizatioii  by  boiling  in  dil.  nitric  add  were  approximately 
complete.    This  is  shown  by  the  results,  summarized  above. 

It  is  evident,  however,  that  the  separation  of  cyanide  and  halide  is  not 
sharply  accurate  even  with  prolonged  boiling. 

An  attempt  was  made  to  eliminate  the  cyanide  by  boiling  the  nitric 
add  solution  before  the  addition  of  the  silver  nitrate,  and  by  continuing 
the  boiling  until  the  voliune  was  reduced  from  150  cc.  to  75  cc.  In  these 
experiments  actual  analyses  by  the  liquid  ammonia-sodium  method  were 
carried  out,  the  C3ranide  being  that  formed  in  the  reaction.  Samples  of 
hezadiloro-ethane  and  an  aromatic  compotmd  containing  chlorine  and 
nitrogen  were  used.  The  results  for  the  hexachloro-ethane  are  dose  to 
the  theoretical,  and  those  for  the  aromatic  compound  check  results  by 
the  sodium  peroxide  fusion.^  It  is  possible  that  minute  quantities  of 
C3ranide  are  retained^''  in  these  analyses,  but  if  so  it  is  in  such  small  amounts 
that  it  does  not  appear  in  the  results.  The  figures  for  chlorine  were 
checked  by  titrating  the  cyanide*  in  an  aliquot  with  0,02  N  silver  nitrate 
(deducting  an  end-point  blank  of  0.02  cc),  and  subtracting  its  equivalent 
from  the  silver  halide  plus  silver  cyanide  predpitated  in  another  aliquot 
of  the  same  sample.  As  will  be  seen  from  the  data,  the  cyanide  formed 
is  not  a  constant  for  each  substance,  and  is  apparently  dependent  upon 
factors  not  ordinarily  regulated;  in  fact,  later  analyses  indicate  that  in 
some  cases  no  appreciable  amotmt  of  cyanide  is  formed  (for  example,  the 
analyses  referred  to  by  Note  5  under  Table  VIII,  page  1058). 

Tabls  III. 

AnalyBis  of  Carbon  Hexadiloride  by  the  Liqtiid  Ammonia-Sodium  Method,  Eliminating 

HCN  hx>m  the  Nitric  Add  Solution. 

%  chlorine. 

%  cyanide  found.  Calc.  Found. 

4.7«                                ...  89.70 

4.35                                ...  89.87 

4. 91  89.86  90.  o 

5. XX                                ...  89.66 

3.07                              ...  89.33 

0.87                              ...  90.19 

Av..  89.77 

That  the  presence  of  nitrogen  in  the  compound  analyzed  is  without 
effect  is  shown  by  the  following  results: 

1  Lemp  and  Broderson>  This  Journal,  39,  3069  (191 7) >  P&rr,  /.  Ind.  Eng,  Chem,, 
n,  330  (1919). 

*  Richards  and  Singer,  Am.  Chem.  J,,  37,  308  (1903);  Am.  J.  Set.,  z63»  i$»  315 
(1902). 

*  BruckmUler,  This  Jovxkal,  38, 1954  (1916);  AmJ^J.  Sci.,  193,  43,  498  (1916). 

*  Treadwell-Han,  AnalyHad  Chemistry,  i^iff  11^  711. 
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%cy*nide 
found. 

Calc. 

Pound. 

2.92 

... 

^40.63 
<40.7i 

6.03 

40.76 

J40.67 
(40.64 

3.89 

... 

^40.22 
J40.3 
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Tabia  IV. 
Analysb  of  Aromatic  Compound  Containing  Chlorine  and  Nitrogen. 

%  chlorine. 

Remarks. 

Tests  on  2  blanks  gave  no  cyanide  and 
no  hafide.  Color  rendered  end>point 
somewhat  dif&cult  to  observe. 
Average  of  several  analjrses  by  sodium 
peroiide  fusion  was  40.20%  CI. 


Av.,  40.53 

Loss  of  Halogen  in  Boiling  the  Nitric  Acid  Solution. — RosanofiP  and  Hill^ 
state  that  in  their  experiments,  boiling  200  cc.  of  0.02  N  potassium 
chloride  after  adding  4  cc.  of  cone,  nitric  add,  no  halogen  was  found  in 
the  distillate  of  15  cc.,  but  that  when  the  add  was  increased  to  6  cc., 
traces  distilled  over;  with  200  cc.  of  o.oi  N  potassium  bromide,  3  cc.  of 
the  add  caused  no  loss  of  bromine,  but  3 . 5  cc.  did.  Bruckmiller'  found 
no  loss  of  chlorine  in  boiling  solutions  containing  0.015  g.  sodium  chloride 
after  adding  from  i  to  5  cc.  nitric  add  in  volumes  varying  from  100  cc. 
to  25  cc.  Lemp  and  Broderson^  found  no  loss  of  chlorine  in  boiling  the 
sodium  peroxide  fusion  extract  addified  with  nitric  add,  but  demonstrated 
the  probability  of  inaccurate  results  in  the  case  of  fusions  of  compotmds 
containing  bromine  or  iodine. 

It  was  desired  to  check  the  accuracy  of  the  analyses  of  organic  com- 
pounds for  chlorine  previously  given,  and  to  determine  whether  bromine 
would  be  lost  in  distillation  with  nitric  add,  where  an  ordinary  excess  of 
nitric  add,  say  10  cc.  of  the  6  N  add,  was  used.  The  following  tests  were 
carried  out:  The  solutions  of  0.032  N  sodium  chloride,  sodium  bromide, 
and  sodium  cyanide  previously  described,  and  3%  halide-free  sodium 
hydroxide  were  used.  Aliquots  of  the  halides  equal  to  40  cc.  of  0.02  N 
were  taken  and  analyzed  directiy  for  control,  adding  first  the  silver  nitrate, 
then  the  add.  An  aUquot  of  each  halide  equal  to  40  cc.  of  0.02  AT  was 
then  taken,  an  aliquot  of  sodium  cyanide  equal  to  38 . 5  cc.  of  o .  02  iV  added, 
then  sodium  hydroxide  equal  to  0.8  g.  soditun.  Eadi  was  neutralized 
with  6  N  nitric  aid  and  an  excess  of  10  cc.  of  the  6  N  add  added.  Bach 
solution  was  then  distilled  into  50  cc.  of  the  3%  sodium  hydroxide. 

The  results  showed  no  loss  of  chlorine,  although  the  boiling  was  con- 
tinued until  the  original  volume  was  reduced  from  200  cc.  to  100  cc. 
No  chlorine  was  found  in  the  distillate.  However,  a  small  amount  of 
bromine  did  distil  over,  due  either  to  oxidation  of  bromide  or  volatiliza- 
tion of  hydrobromic  add,  and  here  the  last  portions  of  cyanide  seemed 

»  Tftis  Journal,  29, 1470  (1907);  C.  il..  a,  41  (1908). 
•  Loc.  cit. 
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difficult  to  distil.  It  is  evident  from  a  consideratioii  of  these  restdts 
and  those  given  in  the  references^  that  all  concentrations  of  reagents 
must  be  carefully  controlled,  if  complete  and  accurate  separation  of  the 
cyanide  and  the  bromide  are  to  be  obtained. 

Other  Separations  of  Cyanide  and  Halide. — Since  distillation  with 
nitric  add  would  require  very  careful  r^^ation  of  concentrations  in  order 
to  eliminate  practically  all  cjranide  with  no  loss  of  chlorine  or  bromine, 
and  since  nitric  add  easily  oxidizes  hydriodic  add,  liberating  free  iodine,*  a 
study  was  made  of  various  other  possible  methods  of  separating  cyanide, 
quantitativdy  from  the  halogens.  The  following  metiiods  were  con- 
adered: 

(a)  The  predpitation  of  silver  cyanide  and  silver  halide  together,  then 
making  the  concentration  of  nitric  add  io%  to  25%,  in  which  silver 
cyanide  is  soluble,  followed  by  filtration  and  titration  of  the  silver  cyanide 
as  a  soluble  silver  salt.*  (6)  Predpitation  of  silver  cyanide  and  silver 
halide,  followed  by  separation  by  the  use  of  mercuric  oxide  in  acetic  add. 
(c)  Aspiration  of  the  nitric  or  acetic  add  solution,  (d)  Carbonation 
of  the  alkaline  solution,  {e)  Titration  of  the  cyanide  in  one  aliquot, 
using  silver  nitrate,  followed  by  predpitation  of  both  cyanide  and  halide 
with  silver  nitrate  in  another  aliquot.  This  method  was  tried  in  several 
instances,  but  on  account  of  the  multiplication  of  errors  does  not  give 
dosdy  agreeing  results.  This  is  shown  by  the  following  analyses  of 
hexadiloro-ethane  and  an  aromatic  compound: 

Tabls  V. 
DeterminatiQa  of  Chlorine  by  Deducting  Cyanide  from  Sum  of  Cyanide  and  Chloride. 


Aromatic  compound  contain- 

Hezaciiloro-etluuie. 

ing  chkxine  i 
Pound. 

Pound. 

Calc. 

Calc. 

89.85 

43.54 

88.92 

-^>.4I 

91. II 

40.63 

91.83 

S9.86 

40.7. 

40.76 

90.65 

41.84 

89.89 

39.6 

Av..  90.37 


At.,  41.13 


(/)  Precipitation  of  silver  cysnidt  and  silver  halide,  followed  by  reduction 
with  zinc  and  sulfuric  add  overnight,  filtration,  and  determination  of 
the  halogen,  (g)  Boiling  off  the  cyanide  as  hydrogen  cyanide  after  acidi- 
fying with  sulfuric  add^  (this  for  chlorides  only),     (h)  Distillation  of 

1  Rosanoff  and  Hill,  Loe,  cU,;  Brackmiller,  Ibid. 

*  lemp  and  Brodenmn,  Ihid, 

*  Ongor*  Z.  Amd.  CImm.,  33, 33  (1894)- 
«  RidModa  and  Sincor,  Loc  cU. 
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the  cyanide  as  hydrogen  cyanide  from  the  acetic  add  solution  of  the  halide.^ 

Method  Selected,  and  Experimental  Tests, — ^The  last  separation  gave 
promise  of  being  the  simplest.  Using  the  previously  mentioned  solutions 
of  soditmi  halides,  sodium  cyanide,  and  sodium  hydroxide,  this  separa- 
tion was  tested  qualitatively  and  quantitatively. 

(i)  The  purpose  of  the  qualitative  tests  was  to  establish  the  time  neces- 
sajy  for  the  complete  elimination  of  cyanide,  with  regard  to  various  con- 
centrations of  halogen,  cyanide,  and  acetic  add.  An  aliquot  each  of  sodium 
.  chloride  and  sodium  bromide  equal  to  40  cc.  of  0.02  N  was  taken  in  a 
500  cc.  Erlenmeyer,  an  aliquot  of  cyanide  equal  to  0.02  g.  CN  added, 
then  50  cc.  of  halide-free  sodium  hydroxide,  which  was  equal  to  0.8  g. 
of  soditun.  Each  solution  was  diluted  to  about  200  cc.,  neutralized  to 
phenolphthaldn  with  6N  acetic  add,  and  an  excess  of  about  one  cc. 
added.  (Preliminary  tests  had  shown  that  varjang  the  excess  of  acetic 
add  from  o.  i  to  2 .0  cc.  had  little,  if  any,  effect  upon  the  time  of  elimina- 
tion of  hydrocyanic  add.)  A  few  dean  glass  beads  were  introduced,  the 
Erlenmeyer  flask  was  covered  with  a  watch  glass  supported  on  a  piece  of 
glass  rod,  and  boiled  for  Vs  hour.  Each  solution  was  then  made  slightly 
alkaline  with  ammonia,  two  drops  of  ammonitun  sulfide  were  added,  and 
the  solution  was  evaporated  to  about  20  cc.  The  addition  of  ferric  chloride 
solution  proved  in  each  case  that  cyanide  had  been  completdy  eliminated. 

Tests  with  higher  concentrations  of  halogen  and  cyanide  were  next  made 
in  the  same  manner  as  just  described.  The  aliquots  of  halogen  were 
equal  to  160  cc.  of  0.02  N,  the  cyanide  aUquots  were  equal  to  0.08  g. 
CN,  and  the  sodium  hydroxide  aliquot  was  the  same  as  previously.  After 
half  an  hour's  boiling  cyanide  was  still  present,  so  this  series  was  repeated, 
employing  a  boiling  time  of  one  hoiu:.  Tests  in  this  case  showed  cyanide 
to  be  completdy  eliminated.  Aliquots  of  sodium  iodide  were  not  used 
in  these  tests,  since  the  addition  of  ferric  chloride  would  liberate  iodine 
and  mask  a  positive  test. 

(2)  Careful  analyses  were  made  to  test  this  method  of  separation  quan- 
titativdy.  These  known  solutions  were  used,  and  the  conditions  of  the 
liquid  ammonia-sodium  method  were  duplicated  as  exactly  as  possible. 
Two  series  were  nm  as  described  under  (i).  The  first  contained  halogen 
equal  to  40  cc.  of  0.02  N,  cyanide  equal  to  0.02  g.  CN,  and  soditun  hy- 
droxide equal  to  0.8  g.  sodium,  and  was  boiled  for  Vs  hour.  The  second 
contained  each  halogen  equal  to  160  cc.  of  0.02  N,  cyanide  equal  to  0.08 
g.  CN,  and  sodium  hydroxide  equal  to  0.8  g.  sodium,  and  was  boiled  one 
hour.  In  the  case  of  every  solution,  after  the  boiling  the  halogen  was 
determined  by  the  standard  method  of  predpitation  with  0.02  N  silver 
nitrate.  The  solution  was  then  filtered  and  the  excess  silver  nitrate  was 
titrated  with  0.02  N  sodium  thiocyanate.  Filtering  oflf  silver  bromide 
*  H.  E.  Williams,  "Chemistry  of  Cyanogen  Compounds,**  19x5,  335. 
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and  silver  iodide  is  usuaHy  considered  unnecessary,^   but  it  was  done 
here  in  order  that  the  end-point  might  be  more  accurately  observed. 

Control  determinations  were  made  on  an  aliquot  of  each  halide  after 
adding  an  aliquot  of  soditmi  hydroxide,  for  the  series  of  low  concentra- 
tion and  the  series  of  high  concentration.  Half  of  these  were  acidified 
with  the  acetic  add  and  boiled,  while  the  remainder  were  analyzed  di- 
rectly for  halogen  content.  All  of  these  controls  agreed  within  experi- 
mental error,  showing  no  mechanical  loss  by  the  process  of  boiling.  Dupli- 
cate analyses  were  made  in  every  test  described.  It  was  assumed  that  the 
acetic  radical  is  without  effect  in.  the  halogen  determination,  since  silver 
acetate  is  much  more  soluble  than  silver  halide.  The  results  verify  this 
assumption. 

Tabls  VI. 
Snimmiry  of  Analyses  of  Known  Solutions  of  Sodium  Halide,  Containing  Cyanide. 
Halogen  content,  and  variation-  NaCi.  NaBr.  Nal. 

G.  total  halogen  per  cc o. 001 1479    0.0025699    0.0039987 

G.  total  halogen  per  cc  found  by  experiments 0.0011480    0.0025720    0.0039991 

G.  halogen  per  cc  maximum  variation  in  controls.    0.0000022    0.0000125    0.0000075 
G.  halogen  per  cc.  maximum  variation  in  experi- 
ments      0.0000012    0.0000130    0.0000084 

%  maximum  difference  in  experiments o.io  0.51  0.21 

A  consideration  of  these  results  shows  that  in  each  case  the  order  of 
accuracy  in  the  experiments  was  approximately  the  same  as  in  the  con- 
trols. 

Conclusions  from  these  Test  Analyses. — ^It  is  proved,  then,  that  the 
modified  liquid  ammonia-soditun  method  is  accurate  at  least  within  the 
following  ranges: 

Tabia  VII. 
Ranges  Tested  and  Pound  Accurate  for  the  Modified  Method. 

Compoaition  of  aolntion.  Lower  limit.  Upper  limit. 

Volume  for  boifing i75  cc.  4000c 

Halide 0.002  N  0.020  i\r 

Cyanide 0.05  g.  per  liter        0.46  g.  per  liter 

Sodium  other  than  sodium  halide 0.0  g.  0.8  g.  sodium 

6  i\r acetic  add o.icc.  2.0  cc. 

Analysis  of  Organic  Compounds  by  the  Modified  Liquid  Ammonia- 
Sodium  Method. 

Samples  of  carbon  tetrachloride,  hexachloro-ethane,  and  various  organic 
substances  sent  into  the  laboratory  for  analysis  were  next  analyzed  by 
the  modified  liquid  ammonia-sodium  method. 

Procedure  in  Detail. — Samples  of  liquids  of  high  boiling  points  were 
weighed  in  very  thin-walled  glass  bulbs  having  short,  large,  capillary  necks. 
These  were  introduced  into  the  ammonia  and  carefully  broken  with  special 

^  Rosanoff  and  Hill,  Tms  Journal,  ag,  273  (1907);  C.  A.,  z,  1367  (1907);  Chem, 
2i9Ur.,  1907, 1,  1586. 
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tongs  or  by  gentle  pressure  with  a  heavy  glass  rod  spread  at  the  bottom 
and  having  a  concave  under-surface.  If  this  latter  method  is  used,  great 
care  must  be  taken  in  order  not  to  fracture  the  Dewar  flask.  Unsilvered 
flasks  permit  ready  observation  and  allow  fairly  rapid  evaporation.  Sam- 
ples of  solids  were  introduced  directly  into  the  flask. 

The  sample  of  0.05  to  0.25  g.  in  about  30  cc  of  liquid  ammonia  was 
treated  with  an  excess  of  soditun,  added  slowly  in  small  pieces  with  fre- 
quent stirring,  until  the  blue  color  persisted  15  minutes.  The  ammonia 
was  allowed  to  evaporate.  To  let  stand  overnight  is  convenient,  but  the 
time  of  evaporation  may  be  shortened  by  blowing  dried  air  from  a  glass 

Tablb  Vin. 

Summary  of  Analjrses  of  Organic  Compounds  by  Modified  Method. 

%  ludogen. 


Original 
Compound.  meUiod. 

CCI4* lOI .  55 


NatOi 
fntioa. 


Modifiod 
method. 

93-33 
93.42 


Gale 
92.20 


CiCIt 89.90* 


Av.,  93.37 
90.37 
89.74 
90.23 


89.86 


Barium  salt  of  organic  sulfonic 
add 15 .  »3' 


Av.,  90.11 

15.03 
15.2 


16.70 


Aromatic  arsenic-chlorine  com- 
pound,' yd!Um 13  •  98^ 


Av.,  15.09      Av.,  15.13 


12.80 
13.59 
13.56 
12.83 
13.15 


12.49 
13.85 


12.80 


Aromatic  arsenic-chlorine  com- 
pound, white 14.55 


Ay.»  13.18      Av.,  13.17 


13.28 
13.32 


13.25 
13.33* 
I3.I9*'*     13.40 


Av.,  13.30      Av.»  13.26 


^  Sample  not  redistilled. 

'  Compound  probably  impure,  not  homogeneous. 

*  Not  filtered  before  precipitating  silver  halide. 
«  Silver  halide  not  filtered  aS  before  titrating. 

*  Little  or  no  cjranide  apparently  formed. 
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tube  whose  outlet  is  within  a  few  centimeters  of  the  surface.  After  add- 
ing a  little  alcohol  to  take  care  of  the  excess  sodium,  water  was  added, 
the  solution  was  transferred  to  a  250  cc.  beaker,  diluted  to  about  150  cc., 
and  filtered  into  a  500  cc.  Erlenmeyer  flask.*  This  filtration  may  be  dis- 
pensed with  in  many  cases.  The  solution  was  diluted  to  200-250  cc., 
neutralized  to  phenolphthalein  with  6  N  acetic  add,  and  a  slight  excess 
(about  one  cc.)  added.  A  few,  dean,  glass  beads  were  then  added,  the 
flask  was  covered  with  a  watch  glass  supported  on  a  piece  of  glass  rod, 
and  boiled  carefully  at  a  rather  moderate  rate  for  one  hour.  If  more 
than  about  75  cc.  of  water  was  vaporized,  it  was  replaced  to  maintain  a 
fairly  constant  volmne.  The  solution  was  cooled  somewhat,  and  the 
halogen  determined  by  predpitation  with  silver  nitrate,  filtration  (in 
most  cases),  and  subsequent  titration  with  sodium  thiocyanate. 

Method  of  Titrating  to  a  Definite  End-point — 235  cc.  of  water,  10  cc. 
of  6  N  nitric  add,  and  5  cc,  of  10%  ferric  altmi  were  taken,  and  o.  12  cc 
oi  0.02  N  sodium  thiocyanate  added.  All  determinations  were  titrated 
to  this  same  color  intensity,  using  a  so-called  "Daylight"  electric  bulb  in 
absence  of  ordinary  sunHght.  The  sodium  thiocyanate  was  standard- 
ized on  pure  polished  silver  foil  and  the  silver  nitrate  by  wdghing  silver 
diloride,  then  by  cheddng  on  the  sodium  thiocyanate. 

Analyses  of  the  last  two  compounds  were  completed  by  the  volumetric 
method,  in  spite  of  interfering  colors  which  were  intensified  by  the  ad- 
dition of  ferric  indicate^-. 

Comparison  of  this  Method,  the  Carius  Method,  and  the  Sodium  Per- 
oxide Fusion  Method. — This  method  is  much  more  rapid  than  the  Carius 
method.  As  compared  with  the  soditun  peroxide  fusion,  this  method 
possesses  the  advantage  that  no  blank  is  necessary,  since  all  reagents  can 
be  obtained  halide-free  without  trouble.  In  the  determination  of  bromine 
and  iodine  by  this  method  no  oxyadd  salts  can  be  formed.  The  sodium 
peroxide  fusion  has  been  the  most  widely  applicable  rapid  method  for 
halogens  (and  sulfur)  used  in  this  laboratory.  With  the  liquid  ammonia- 
sodium  method  side  reactions  may  occur  and  give  rise  to  interfering 
compounds  and  colors,  as  in  the  case  of  aromatic  compounds,  which  make 
it  advisable  to  decolorize  or  determine  gravimetricaUy. 

Summary, 
r  I-  Cyanide  is  formed  in  many  cases  by  the  treatment  of  organic  com- 
pounds with  soditun  in  Uquid  ammonia.    No  mention  of  this  is  found  in 
the  literature. 

2.  The  procediu-e  outlined  in  the  references  cannot  be  followed  without 
involving  possibility  of  error.  On  addifying,  only  a  part  of  the  hydro- 
cyanic add  which  may  have  been  formed  is  expelled.    At  best,  the  de- 

>  A  thin  ring  of  stopcock  grease  around  the  top  of  the  Dev^ar  flask  aids  in  trans- 
texing  the  contents  quantitatively  to  the  beaker. 
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composition  of  silver  cyanide  and  elimination  of  cyanide  by  boiling  in 
dil.  nitric  add  are  only  approximately  quantitative. 

3.  The  per  cent,  of  cyanide  formed  is  not  a  constant  for  each  substance, 
under  the  conditions  of  analysis. 

4.  Treatment  with  sodiiun  in  liquid  ammonia  completely  removes 
any  halogen  present  in  organic  compounds.  This  method  is  accurate  for 
halogen  determination  in  organic  compounds  when  the  resulting  halide  is 
separated  quantitatively  from  any  cyanide  present  by  acidifying  the  solu- 
tion with  acetic  add,  and  then  boiling. 

5.  With  chlorine,  boiling  the  nitric  acid  solution  has  proved  to  be  a 
suffidently  accurate  elimination  of  cyanide.  An  approximate  chedc  may 
be  obtained  by  subtracting  cyanide  determined  in  one  aliquot  from  cyanide 
and  halide  determined  in  another  aliquot. 

The  writer  wishes  to  acknowledge  his  indebtedness  to  Dr.  Albert  Finds, 
under  whose  supervision  this  work  was  performed. 

Washzmoton,  D.  C. 
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A  METHOD  OF  GROWING  LARGE  PERFECT  CRYSTALS  FROM 

SOLUTION. 
Bt  R.  W.  Moqkb. 

Received  Muvh  18,  1919. 

In  the  course  of  an  investigation  of  some  of  the  electrical  properties 
of  crystals,  it  became  necessary  to  procure  large  pieces  of  wholly  dear 
Rochelle  salt  crystals.  It  was  found  impractical  to  obtain  these  from 
commercial  sources;  a  search  through  tons  of  crystals  yielded  only  one  or 
two  pounds  of  suitable  material.  It  therefore  became  necessary  to  work 
out  some  method  of  producing  this  material  in  the  laboratory. 

During  the  last  few  years,  considerable  work  has  been  done  along  the 
line  of  producing  perfect  crystals  from  solution.  In  1908,  F.  Krtiger  and 
W.  Finke  obtained  a  German  patent  (German  patent  228,246)  on  an 
apparatus  for  the  production  of  homogeneous  crystals  suitable  for  phys- 
ical purposes  by  crystallizing  in  motion  with  a  circulating  solution.  A 
heating  element  under  delicate  control  is  arranged  in  a  super-sattu-ation 
vessel  and  a  means  for  cooling,  also  under  control,  between  the  super- 
saturation  vessel  and  a  crystallizing  vessel.  In  1915,  J.  J.  Valeton*  de- 
scribed an  improved  apparatus  based  on  the  above  patent. 

The  growing  of  crystals  by  this  t3rpe  of  method  has  apparently  been 
carried  to  a  high  state  of  perfection  by  J.  C.  Hostetter,*  who  made  various 
improvements  in  the  details  and  the  construction  of  the  apparatus. 

In  19 1 6,  the  Blektrochemische  Werke  took  out  an  Austrian  patent 
»  3er,  Sachs,  Ges.  Wiss,,  67, 1-59  (19x5 )• 
*  /.  Wash,  Acad.  Set.,  9,  85-94  (1919)* 
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(Austrian  patent  71 9587)  on  an  apparatus  for  growing  large  crystals 
from  solutions  or  mdts  in  which  the  chief  novelty  was  the  use  of  a  suction 
stirrer  to  produce  a  lowered  temperature  and  a  circulation  in  the  solu- 
tioii. 

^  19 1 5*  J*  M.  Blake^  published  an  article  on  the  growing  of  crystals 
for  measurement  in  which  he  describes  methods  of  two  types.  One 
method  consists  of  cooling  a  saturated  solution  slowly.  This  is  accom- 
plished by  pladhg  the  saturated  solution  in  a  bottle,  hanging  a  seed  crys- 
tal in  the  solutioni  suspending  the  bottle  in  a  cask  of  warm  water  packed 
in  sawdust,  and  allowing  the  whole  to  cool  down  together.  Blake  states 
that  he  had  some  success  with  this  method  and  suggests  that  the  bulky 
cask  might  be  replaced  by  a  smaller  reservoir  with  a  source  of  heat  con- 
trolled by  a  thermostat. 

The  other  type  of  method  consists  of  hanging  a  seed  crystal  in  a  solu- 
tion of  the  salt  contained  in  an  inclined  vessel,  suspending  a  supply  of 
solid  salt  in  the  upper  end  of  the  vessel,  and  gently  heating  this  end. 
Blake  states  this  apparatus  can  give  a  steady,  constant  growth  to  a  crys- 
tal and  has  given  good  results.' 

In  attempting  to  grow  very  large,  dear  crystals  of  Rochelle  salt,  the  author 
first  tried  the  method  suggested  by  Kriiger  and  Finke.  Hostetter  at 
this  time  had  not  published  his  artide,  so  that  the  results  of  his  work 
were  not  available.  This  method  gave  no  successful  results,  due  largdy 
to  too  crude  regulation  of  the  temperature.  A  cooling  method  similar 
to  the  large  cask  method  used  by  Blake  also  gave  no  satisfactory  crys- 
tals. Finally,  however,  a  very  simple  method  and  apparatus  were  de- 
vdoped  which  gave  very  satisfactory  results. 

This  method  consists  briefly  of  placing  a  small  seed  crystal  or  several 
of  them  in  a  nearly  sattu-ated  solution  of  the  salt,  cooling  the  solution 
until  it  is  very  slightly  supersattu-ated,  and  maintaining  a  state  of  slight 
snpersaturation  by  slowly  cooling  the  solution,  with  the  temperatiu-e 
regulated  within  very  narrow  limits.  If  the  rate  of  cooling  be  slow  enough, 
and  the  temperature  does  not  vary  outside  very  narrow  limits,  the  seed 
crystals  will  be  build  out  to  form  perfectly  devdoped,  dear  crystals,  and 
win  continue  to  grow  dear  and  perfect  as  long  as  the  state  of  slight  super- 
saturation  is  maintained. 

For  the  production  of  large  crystals  of  Rochelle  salt,  our  practice  is  as 
foOows:  A  sattu-ated  solution  is  made  up  at  some  convenient  tempera- 
ture, usually  between  35  and  40*^.  The  solution  is  removed  from  the  ex- 
cess of  salt,  heated  to  a  temperatiu-e  about  7-8°  above  the  saturation 
temperattu-e,  and  filtered  through  paper  on  a  Biichner  funnd.  The  tem- 
perature of  the  solution  is  not  allowed  to  fall  to  less  than  4-5^  above  its 
saturation  temperattu-e.  Small  seed  crystals  are  placed  in  a  jar  and  the 
»  Am.  J.  Sci.,  39»  567-570  (1915). 
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salt  solution  then  poured  in.  The  jar  is  covered  at  once  with  a  glass  plate 
and  placed  in  a  large  water-bath,  the  temperature  of  which  is  about  0.5^ 
above  the  saturation  temperature  of  the  solution.  The  temperature  of 
the  whole  is  allowed  to  f aU  off  to  practically  the  saturation  temperatiu'e 
as  fast  as  the  bath  tends  to  cool.  Then,  by  means  of  a  sensitive  thermo- 
stat, the  rate  of  cooling  is  controlled  and  the  temperature  allov^ed  to 
drop  at  the  rate  of  about  o.  i**  per  day,  until  the  crystals  have  increased 
noticeably  in  size  and  have  built  out  into  perfect  crjrstals.  This  usually 
takes  only  about  one  day  after  the  saturation  temperature  is  reached. 
Then  the  temperature  is  allowed  to  fall  about  0.2°  per  day;  after  the 
crystals  are  about  '/i  to  i  inch  long,  the  rate  of  cooling  is  increased  to 
0.3**  to  0.4*^  per  day,  and  when  the  crystals  are  well  over  one  inch,  to 
0.5*^-0.6**  per  day.  The  thermostat  setting  is  changed  twice  each  day — 
morning  and  evening.  When  the  solution  has  cooled  to  about  room 
temperature,  the  jar  is  removed  from  the  bath  and  the  crystals  taken  out. 
They  are  dried  by  wiping  with  a  soft,  dry  doth. 

Saturation  Curve. — Before  a  crystallization  such  as  outlined  above 
can  be  carried  out  successfully,  it  is  necessary  to  know  exactiy  at  what 
temperature  the  solution  used  will  begin  to  crystallize.    In  order  to  de- 
termine this  factor,   we  have  made 
careful  measurements  of  the  specific 
gravity   of    a    saturated   solution   of 
RochdUe  salt  at  various  temperatures 
over  a  range  from   15   £0  39°,   and 
plotted  a  curve  (Fig.  i).    From  these 
data,  given  the  specific  gravity  of  a 
solution  that  is  nearly  saturated,  the 
Pig.  I.  temperature  of  sattu^tion  and  hence 

the  temperature  at  which  crystalliza- 
tion will  begin  is  known.  Allowance  must  be  made  for  the  fact  that  the 
specific  gravity  is  taken  (by  hydrometer)  at  a  temperature  somewhat 
above  the  saturation  temperature;  this  allowance  proved  to  be  about 
0.0005  P^  degree. 

Seed  Crystals. — ^As  seed  crystals,  we  use  small  bits  of  dear  crystal 
about  5  mm.  long  and  2  mm.  thidc.  In  case  we  have  small  entire  crystals 
of  about  the  right  size,  these  are  used.  If  not,  larger  crystals  are  cut  up 
and  pieces  are  used.  In  most  cases,  we  have  suspended  the  seed  crystals 
on  threads  or  fine  wire.  Since  there  is  a  tendency  for  the  crystals  to  dis- 
solve somewhat  before  the  solution  cools  to  the  crystallizing  tempera- 
ture, a  groove  is  usually  cut  around  the  crystal  and  the  thread  or  wire 
fastened  around  the  crystal  in  the  groove.  If  this  is  not  done,  the  crystals 
are  very  liable  to  drop  out  of  the  loop  in  the  thread  or  wire.  We  attempt 
to  choose  a  crystal  of  such  size  that  it  will  not  dissolve  enough  to  fall  out 
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of  the  suspension,  and  yet  not  larger  than  necessary.  The  seed  crystal 
always  shows  uiside  the  larger  crystal  and  hence  we  attempt  to  keep  it 
as  small  as  possible  so  as  to  keep  as  much  of  the  large  crystal  dear  as  possi- 
ble. We  have  grown  a  considerable  number  of  crystals  lying  on  glass 
plates,  without  any  thread  in  them.  The  crystals  will  grow  dear  under 
these  conditions,  but  the  resulting  crystal  is  not  a  whole  crystal — ^the  side 
against  the  glass  does  not  devdop.  Some  few  crystals  have  been  grown 
standing  on  end  on  glass  plates,  but  it  seems  to  be  mudi  more  difficult 
to  get  crystals  to  grow  clear  and  perfect  when  grown  in  this  position. 

In  all  cases,  we  have  found  it  desirable  to  protect  the  growing  crystals 
from  chance  crystals,  which  start  spontaneously,  by  placing  in  the  solu- 
tion above  each  crystal  or  layer  of  crystals  some  form  of  shidd,  such  as  a 
glass  plate  suspended  a  few  centimeters  above  the  crystals. 

The  number  of  crystals  grown  in  a  given  amount  of  solution  has  been 
varied  over  a  wide  range  and  various  forms  of  containers  have  been  used. 
The  rate  at  which  a  crystal  grows  seems  to  be  the  factor  which  determines 
whether  or  not  the  cr^^tal  grows  dear  and  perfect,  hence,  since  the  amount 
of  substance  which  separates  out  for  a  definite  drop  of  temperature  must 
be  a  definite  quantity,  the  rate  of  growth  of  any  single  crystal  must  de- 
pend on  the  ntunber  of  crystals  in  the  solution.  It  should  be  possible  to 
cool  a  solution  containing  several  crystals  faster  than  one  containing  a 
lesser  number  and  still  obtain  dear  crystals.  The  rdative  sizes  of  the 
crystals  probably  also  have  some  effect,  and  the  position  in  the  solution 
certainly  has;  the  crystals  near  the  bottom  of  the  container  grow  faster 
than  those  near  the  top.  Furthermore,  since  crystals  as  they  grow  larger 
have  a  greater  area  of  surface,  it  should  be  possible  to  cool  at  a  more  rapid 
rate  when  the  crystals  are  large  and  still  have  the  crystals  grow  dear. 
Our  results  so  far  have  confirmed  the  above  condusions. 

One  container  whidi  we  have  used  very  extensivdy  has  been  a  glass 
battery  jar  with  a  capadty  of  about  8-10  liters  [size  about  6X8  inches  and 
12  inches  high].  The  number  of  crystals  that  seems  to  give  the  most  satis- 
factory results  is  about  15,  hung  in  3  layers  and  located  as  far  apart  as 
practicable.  If  more  than  this  number  are  grown,  the  crystals  are  likdy 
to  touch  and  form  defective  surfaces.  A  smaller  number  will  give  larger 
crystals,  but  the  rate  of  growth  must  be  slower. 

The  other  container  most  used  has  been  a  12-gal.  erode,  into  which  12  gal- 
lons of  solution  has  been  placed,  and  in  which  36  seed  crystals  have  been 
suspended.  The  seed  crystals  have  been  htmg  from  frames  made  of  glass 
rod  or  heavy  mckd  wire. 

Rate  of  Growth. — ^It  is  not  intended  that  the  rate  of  cooling  given  in 
the  general  outline  of  the  process  should  be  taken  as  fixed.  If  there  are 
a  considerable  number  of  crystals  in  one  container,  the  temperature  can 
probably  be  lowered  at  a  more  rapid  rate  than  that  given.    The  tempera. 
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ttire^changes  given  are  those  that  will  fit  most  conditions,  and  are  those 
that  we  follow  at  present  because  they  are  well  within  the  limits.  The 
maximum  rate  has  not  yet  been  determined;  this  will,  of  course,  vary 
considerably  with  varying  conditions. 

Water-Baths. — ^For  water-baths  we  have  used  various  containers. 
Most  of  these,  however,  have  been  large  crocks,  usually  of  30  gallons 
capacity.  The  larger  the  bath,  the  more  slowly  and  uniformly  the  tem- 
perature drops.  One  loo-gallon  crock  we  have  used  gave  very  satisfac- 
tory results. 

The  heat  is  supplied  in  various  ways.  In  one  instance  we  used  incandes- 
cent lamps  immersed  in  the  water  with  the  connections  water-tight.  In 
other  trials  we  have  had  insulated  wire  heaters  immersed  in  the  water,  but 
usually  we  use  a  resistance  wire  wound  around  the  crock  and  also  under- 
neath.   All  the  crocks  are  covered  with  heavy  felt  or  asbestos. 

Thermostat. — The  temperature  is  controlled  by  a  thermostat,  which  is 
sensitive  to  about  o.oi ''.    This  consists  of  a  large  glass  btdb  to  which  is 

sealed  a  capillary  tube, 
resembling  a  very  large 
thermometer.    A  plati- 
num wire  is   sealed 
)  through  the  top  of  the 
bulb.     To   the  upper 
end   of    the   capillary 
tube  is  sealed  a  larger 
tube,  and  in  this  is  in- 
serted a  rod  with  a  fine 
screw  thread ;  this  screw 
passes  through  a 
threaded    cap     which 
rests  on  the  top  of  the 
tube.    To  the  bottom 
of  the  rod  a  platinum 
Fig.  2.— I,  Glass  jar;  2,  crock;  4,  water;  5,  heater  winding;  wire   is   fastened,    and 
6,  felt  insulation;  7,  seed  crystal;  8.  thread  or  wire;  9,  this  is  inserted  into  the 
glass  rod  support  for  10;   10,  11,  glass  plates;   la.  ther-  capillary.     The  bulb  is 
mostat  bulb;  13,  mercury  column;  14,  15,  platinum  wire  ^-,    -      ^  ,  . 
contacts;  16,  screw  to  the  end  of  which  15  is  soldered.  ^^^     ^^     mercury, 
and  which  is  carried  by  threaded  cap  17;   18,  conncc-  which    makes    contact 
tions  to  relay  (20,  21,  22)  and  battery  19;  23,  heater  between  the  two  plati- 
connections;  24,  generator,  source  of  heating  current;  ntun  points  at  any  de- 
25,  switch.  sired      temperature, 

which  temperattn-e  can  be  regidated  by  the  amotmt  of  mercury  placed  in 
the  bulb.  The  setting  of  the  thermostat  can  be  r^fulated  within  very 
narrow  limits  by  means  of  the  screw. 
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This  thermostat  is  used  to  operate  a  relay  which  opens  or  doses  the 
heating  circuit. 

Apparatus. — The  arrangement  of  the  whole  apparatus  in  the  case  where 
a  glass  battery  jar  is  used  is  shown  in  Fig.  2. 

Temperature  of  Saturation. — The  temperature  between  32-35  **  has  been 
chosen  as  the  most  practicable.  The  solution  cannot  be  heated  above 
55^,  since  Rochelle  salt  breaks  down  at  about  this  temperature.  Hence 
the  maximum  saturation  temperature  is  about  45^.  With  the  room  tem- 
perature around  20-22°,  it  is  not  easy  to  work  with  the  solution  saturated 
at  45®,  since  the  temperature  of  the  room  is  so  far  below  the  temperature 
of  the  solution  that  it  is  difficult  to  prevent  spontaneous  crystaUization, 
especially  on  the  surface.  The  lo-i  2  °  range  through  which  we  could  drop 
the  temperature  of  the  solution  has  allowed  us  to  grow  crystals  up  to 
nearly  4  inches  in  length.  In  summer,  it  is  desirable  to  raise  the  satura- 
tion temperature  a  few  degrees. 

Washhig  the  Crystals. — We  have  found  considerable  difficulty  in  re- 
moving the  adhering  solution  from  the  finished  crystal,  without  damage 
to  the  crystal.  Dipping  into  water  even  at  the  same  temperature  as  the 
scdution  seems  to  crack  a  large  proportion  of  the  crystals.  Wiping  the 
faces  singly  with  damp  doth  or  cotton,  or  drying  directly  with  a  dry  doth 
seem  to  give  the  best  results,  although  these  methods  damage  the  stur- 
faces  and  edges  slightly. 

The  beauty  of  crystals  produced  by  this  method  must  be  seen  to  be 
appreciated.  Beautifully  crystallized  substances  occur  abundantly  in 
nature,  but  the  crystals  are  rardy,  if  ever,  perfectly  devdoped  on  all  faces, 
due  to  the  fact  that  the  crystals  grow  with  some  of  thdr  faces  in  contact 
with  other  crystals  or  substances.  By  the  above  method  this  difficulty  is 
diminated,  and  the  crystals  are  given  an  opportunity  of  growing  perfectly 


Fig.  3. 
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in  all  directions.  The  result  is  a  crystfil  with  all  angles  and  faces  per- 
fectly formed,  thus  naturally  producing  crystals  of  great  perfection  and 
beauty  Fig.  3  shows  a  photograph  of  a  group  of  Rochelle  salt  crystals 
grown  by  the  above  method. 

Besides  Rochelle  salt,  we  have  grown  crystals  of  potassium  alum,  with 
entire  success.  Indeed,  there  seems  no  reason  why  the  method  should  not 
be  applicable  to  many  substances  which  crystallize  from  solution,  either  in 
water  or  various  other  solvents,  and  which  have  a  considerable  variation 
in  solubility  with  change  of  temperature.  Also,  it  should  be  possible  to 
grow  crystals  of  two  or  more  isomorphous  substances  one  inside  the  other. 
We  have  succeeded  in  doing  this  in  the  case  of  potassium  and  chrome 
alums,  but  the  resulting  crystals  were  not  quite  perfect;  the  manipulation 
in  this  case  is  somewhat  more  difficult  than  with  a  single  substance. 

It  might  be  noted  that  growing  crystals  by  this  method  requires 
considerable  time  and  patience.  In  the  first  place,  the  saturation  tempera- 
ture of  the  solution  to  be  used  must  be  carefully  determined  over  at  least 
a  small  range  of  temperature  around  the  temperature  at  which  it  is  pro- 
posed to  start  the  crystallization.  Furthermore,  it  will  probably  require  a 
few  trials  to  determine  exactly  what  temperature  ranges  are  necessary 
to  observe  in  order  that  the  seed  crystals  shall  not  dissolve,  and  yet  spon- 
taneous crystals  shall  not  form.  The  temperature  control  apparatus 
must  be  in  perfect  working  order,  for  it  must  work  perfectly  over  a  period 
of  several  weeks,  without  a  single  miss.  If  the  temperature  is  allowed  to 
drop  too  suddenly  over  even  a  small  range,  the  crystal  does  not  grow  clear, 
and  a  cloudy  spot  or  flaw  in  the  crystal  is  produced.  If,  by  any  chance, 
the  temperature  rises  a  little  above  the  saturation  temperature,  and  the 
crystal  dissolves  slightly  on  the  surface,  and  after  this  the  temperature  is 
again  lowered,  and  the  aystal  grows  larger,  the  outlines  of  the  crystal 
at  the  point  where  it  started  to  grow  again  always  show  in  the  finished 
crystal.  Only  when  the  condition  of  very  sUght  supersaturatiou  is  con- 
stantly maintained  throughout  the  growth  of  the  crystal,  does  the  crystal 
grow  perfectly  dear.  To  produce  a  dear,  perfectly  devdoped  crystal 
about  3  inches  long  has  required  a  period  of  about  one  month. 

In  condusion,  I  wish  to  express  my  tiianks  to  Mr.  E  H.  Guyon  and  Mr. 
B.  O.  Hoffman,  who  carried  out  a  large  portion  of  the  experimental  part 
of  this  work. 

SCBBMBCTADT,  N.   T. 
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[Contribution  from  the  Chemical  Laboratory  op  the  University  op  California.  ] 

SOLUBILITT.    m.    RELATIVE  VALUES  OF  INTERNAL  PRES- 
SURES AND  THEIR  PRACTICAL  APPLICATION. 

By  Joel  H.  Hildebrand. 

Received  Apnl  11,  1919. 

I.  Introduction. 

In  the  first  paper  by  the  writer  on  this  subject,^  it  was  shown  that  de- 
viations from  Raoult's  law  for  non-polar  substances  could  be  predicted 
on  the  basis  of  dififerences  in  internal  pressures  of  cohesions  of  substances 
in  the  liquid  state.  Since,  in  systems  where  it  is  obe3red,  Raoult's  law 
fumisbes  a  method  ior  calculating  solubilities  of  both  solids  and  gases, 
the  prediction  of  deviations  from  it  makes  possible  the  estimation  of  rel- 
ative solubilities.  Moreover,  we  are  enabled  thereby  to  understand  de- 
viations from  a  number  of  fundamental  phy^co-chemical  formulas,  such 
as  those  dealing  with  molecular  weights  of  dissolved  substances,  osmotic 
pressure,  Henry's  law,  the  distillation  of  liquid  mixtures,  and  concentration 
cells.  The  wide  use  to  which  van't  Ho^Ts  law  for  osmotic  pressure  is 
put  in  deriving  physico-chemical  formulas  emphasizes  the  importance  of 
an  accurate  expression  for  the  behavior  of  substances  in  solution.  The 
value  of  Raoult's  law  in  dealing  especially  with  concentrated  solutions  has 
begun  to  be  recognized  by  physical  chemists  in  recent  years.  Raoult's 
law  is  much  more  accurate  at  high  concentrations  than  van't  Hoff's  law 
and  serves  quite  as  well  for  deriving  ph3rsico-chemical  formulas,  in  spite 
of  the  fact  that,  as  usual  in  such  cases,  most  text-books  in  physical  chem- 
istry still  ding  to  the  historical  basis.  The  present  theory,  dealing  as  it 
does  with  the  deviations  from  Raoult's  law,  presents  a  method  of  ap- 
proach to  the  various  problems  involving  the  coQigative  properties  of 
solutions,  concentrated  as  weU  as  dilute. 

In  addition  to  the  abundant  evidence  in  support  of  the  theory  given  in 
the  first  paper,  still  ftulher  data  were  furnished  in  a  second  paper  on  the 
same  subject.'  It  seems  safe  to  say  that  all  of  the  evidence  cited,  and  this 
constitutes  nearly  all  at  present  available,  supports  the  theory  that  (i) 
with  non-polar  substances  Raoult's  law  will  be  obeyed  by  mixtures  of 
liquids  having  equal  internal  or  cohesive  pressures,  and  (2)  the  greater 
the  difference  between  the  internal  presstu-es  the  greater  will  be  the  es- 
caping tendency  of  each  component  of  the  mixture,  and  hence  the  greater 
the  positive  deviation  of  both  components  from  Raoult's  law.  How  this 
theory  could  be  used  to  predict  solubilities  was  explained  in  the  first  paper, 
wherein  considerable  discussion  was  also  included  on  the  effect  of  polarity. 

The  most  unsatisfactory  feature  of  the  previous  presentation  consisted 
of  the  divergent  values  of  the  internal  pressures,  as  calculated  by  other 
*  Tms  Journal,  3^1 1452  (1916). 
*iKi..  39k  2297  (1^7). 
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workers,  and  the  uncertainty  involved  in  any  attempt  to  deal  with  sub- 
stances other  than  those  given  in  the  table.  A  study  of  their  methods  for 
calculating  internal  pressm-es  has  shown  clearly  the  necessity  for  a  careful 
critique  of  the  whole  subject.  As  a  preliminary  result  of  this  it  has  been 
possible  to  calculate  from  every  simple  data  by  several  independent  meth- 
ods the  position  of  each  substance  in  a  table  of  relative  internal  pressures. 
The  order  of  arrangement  of  the  substances  considered  has  turned  out  to 
be  substantially  the  same  irrespective  of  the  method  used,  so  that  it 
becomes  possible  for  one  to  find  very  easily  the  position  of  a  new  sub- 
stance in  the  table  and  to  answer  a  variety  of  questions  regarding  its 
solutions. 

No  originality  is  claimed  for  the  fundamental  theories  used  in  the  fol- 
lowing calculations  of  relative  internal  pressure,  with  the  exception  of  the 
method  for  relating  heat  of  vaporization  to  boiling  point.  A  later  paper 
will  deal  more  fully  with  the  theoretical  aspects  of  the  problem,  this  one 
being  designed  to  present  a  practical  basis  for  predicting  solubilities  and 
for  dealing  with  other  problems  which  may  be  connected  with  deviations 
from  Raoult's  law. 

2.  Methods  for  Calculating  Internal  Pressure, 
(a)  Surface  Tension. — It  is  obvious  that  work  must  be  done  when  the 
surface  of  a  liquid  is  extended,  since  a  great  many  molecules  are  brought 
from  the  interior  of  the  liquid,  where  the  attractive  forces  acting  upon  a 
given  molecule  are  the  same  in  aU  directions,  into  the  siu^ace,  where  there 
is  an  unbalanced  attraction  towards  the  interior.  This  work  is  numeri- 
cally equal,  on  the  one  hand,  to  the  surface  tension,  multiplied  by  the  in- 
crease in  surface.  It  is  equal,  on  the  other  hand,  to  the  work  done  in 
bringing  into  the  siuiace  against  the  internal  pressm-e  the  nmnber  of 
molecules  necessary  to  form  the  new  surface.  The  work  against  surface 
tension  is  an  experimental  quantity,  and  hence  would  enable  us  to  calcu- 
late the  internal  pressure  provided  we  knew  the  rate  at  which  this  inward 
attraction  decreases  as  a  molecule  moves  inward  from  the  stirface.  This 
idea  is  contained  in  the  well-known  equations  of  Laplace,  which  require 
for  their  integration  an  assumption  as  to  the  law  of  molecular  attraction. 
Whatever  the  law  expressing  the  rate  of  decrease  of  the  imbalanced  in- 
ternal pressure  with  the  distance  below  the  surface,  it  is  very  probable 
that  it  is  a  function  of  the  mean  molecular  distance,  which  is  proportional 
to  the  cube  root  of  the  molecular  volume  V^.  Hence  we  may  assume 
that  the  work  involved  in  a  imit  increase  is  surface,  which  equals  7,  is  also 
proportional  to  y/V^,    Accordingly,  the  expression 

n  00  y/V^  (i) 

should  give  relative  values  of  internal  pressure,  at  least  for  liquids  whose 
molecules  do  not  have  a  very  decided  orientation  in  the  liquid  surface. 
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A  later  communication  will  deal  with  the  values  of  the  proportionality 
constant  resulting  from  different  assumptions  for  the  law  of  molecular 
attraction. 

(6)  Heat  of  Vaporization. — Stefan^  has  made  the  well-known  assump- 
ticni  that  the  work  involved  in  bringing  a  molecule  to  the  surface  of  a  liquid 
is  Vs  oi  that  necessary  to  overcome  the  entire  attraction  of  the  liquid  mass 
involved  in  vaporization.    This  leads  to  the  equation 

^    L  —  RT 
n  =  20.65  — ^ — 

where  L  is  the  heat  of  vaporization.  The  numerical  factor  is  necessary  to 
convert  calories  into  cc.  atmospheres. 

The  writer  has  shown*  that  there  is  a  very  simple  relation  existing  be- 
tween the  vapor  pressures  of  all  normal  liquids  which  enables  one  to 
calculate  the  entire  vapor-pressure  ciu^e,  and  hence  the  heat  of  vaporiza- 
tion, from  a  single  point,  such  as  the  boiling  point.  This  relation  may  be 
used  to  substitute  the  more  accessible  boiling  point  for  the  heat  of  vaporiza- 
tion in  making  the  above  calculation.  By  plotting  Ic^  p  against  log  T 
for  the  vapor  pressure  of  one  normal  Uquid  a  curve  is  obtained  which  may 
be  superimpo^d  upon  the  similar  curve  for  any  other  normal  liquid  by 
sliding  it  along  any  line  whose  equation  is  log  p  =  log  T  +  const.  Con- 
sequently, when  but  a  single  point  on  the  vapor-pressure  curve  of  one  sub- 
stance is  known,  such  as  the  boiling  point,  the  entire  curve  may  be  con- 
structed by  the  above  means.  Furthermore,  the  tangent  to  this  curve 
at  any  point  has  a  slope  equal  to  L/RT.  From  this  the  value  of  L  at  any 
temperature  can  be  obtained.  Subtracting  RT  gives  the  value  of  the 
heat,  of  vaporization  at  constant  volume.  This  was  determined  for  a 
number  of  liquids  having  different  boiling  points,  and  it  was  found  that 
the  relation  between  L  —  RT  at  20^  and  the  boiling  point  of  the  liquid 
could  be  expressed  by  the  following  equation: 

L  —  RT^  5200  +  soti 
where  ii,  represents  the  boiling  point. 

If  Stefan's  assumption  is  correct  the  internal  presstu-e  in  atmospheres 
should  accordingly  be  given  by 

n  =  20.65  (5200  -f  sotbi/Vto-  (3) 

Even  if  the  assumption  is  not  abscdutely  correct  it  may  still  represent  an 
approximation  sufficient  to  give  relative  values  of  internal,  pressure  for 
different  liquids. 

(c)  Critical  Data. — As  is  well  known,  the  term  a/V*  in  the  van  der 
Waals  equation  of  state  represents  the  internal  pressure.    If  this  equation 
were  accurate,  values  of  a  calculated  from  critical  data  would  give  true 
» Stefan,  Wied.  Ann.,  29, 655  (1886). 
'  Hadebrand,  Tras  Journai,,  37,  970  (1915);  40»  45  (1918). 
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values  for  internal  pressures.  Bxpressing  a  in  the  units  ordinarily  used 
for  van  der  Waals'  equation*  the  value  of  internal  pressure  in  atmospheres 
would  be 

n-5.io«a/V«.  (4) 

Inasmuch  as  critical  data  are  not  available  for  very  many  substances* 
it  is  gratifying  to  note  that  van  Laar  has  contributed  a  method  for  the 
calculation  of  a  on  an  additive  basis.  ^  He  has  shown  that  Va  for  a  mole- 
cule is  the  sum  of  the  values  of  ^la  for  the  atoms  composing  it  He  gives 
the  following  values  for  Va*io*: 

H  1.6  P  6.4  Ki    6.9 

C  3.1;  1.55;  o  S    6.3  Sb     8.9 

N  2.9  CI  5.4  I        8.8 

O   2.7  A   5.2  •        Xe     9.1 

F   2.9  Sc  7.1  Hg   II 

Ne2.o  Br  6.9 

There  is  a  constitutive  influence  apparent,  especially  with  carbon  com- 
pounds, where  the  surrounding  atoms  may  exert  a  partial  or  even  com- 
plete screening  effect.  Thus  in  compounds  like  CCI4,  C«Hi4,  and  CiHeCl, 
the  value  of  Va  for  carbon  is  o.  In  doubly  bound  carbon,  such  as  in  CeHt 
the  value  of  Va-io*  is  1.55.  It  reaches  its  full  value  of  3.1  in  CsHsi  CO, 
etc. 
The  following  examples  are  reproduced  from  van  Laar's  paper: 

V5 .  10*. 
CI,  (2X5.4)"  -108 

CSi  (3.i+2X6.3)«  -246 

C.Hu  (o  +  14  X  1 .6)*  -  502 

C«H,  (6  X  1 .55  +  6  X  i.6)»  =  357 

CACl  (o  +  5  X  1 .6  -h  5.4)*  -  i8o 

C4H4S  (4  X  1 .55  +  4  X  1 .6  -h  6.3)«  -  357 

It  is  thus  possible  to  calculate  values  of  a  with  sufficient  accuracy 
for  our  present  purpose  of  calculating  relative  internal  pressures  even 
where  critical  data  are  lacking. 

(d)  From  Coefficients  of  Expansion  and  Compressibility. — Prom  van 
der  Waals'  equation  we  get 

(jbp/bTh  =  R/iV  —  b)^(p  +  a/V^)/T. 
Since  for  liquids  p  is  small  compared  with  a/V^  we  may  write 

(bp/bT)v  -  a/V^T. 
We  may  also  write 

(Pp/dT)v  -  -  (pp/i>V)T  ii>V/6T)p  =  a/p 
where  a  is  the  coefficient  of  expansion  and  P  the  compressibility.    By 
comparison  with  the  previous  expression  we  get 

n  -  d/V^  «  aT/fi.  (5) 

»  /.  cMm.  phys,,  14, 3  (1916). 
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(e)  From  Coefficient  of  Expansion. — Starting  again  with  the  van  der 
Waals  equation  we  may  differentiate  with  respect  to  V,  at  constant  pres- 
sure, getting 

_£?  (v_6)  +  £  «  R(bT/bV),  -  -£?  — ?Z_  +  ±. 

Neglecting  p  in  comparison  with  a/V*  and  writing-  (jbV/bT)p  ==  Va,  we 
have  finally 


»     5(i  +  4  (., 


The  values  of  /?  in  this  equation  cannot  be  evaluated  by  taking  values 
of  a  and  V  at  different  temperatures,  since  a/R  is  constant.  We  will, 
therefore,  simply  take  /?  =  82.1  cc.-atmospheres  per  degree,  giving 


n-%-'(i  +  4 


(7) 


A  similar  expression  can  be  derived  for  n  in  terms  of  the  compressibility, 
but  it  is  hardly  worth  while  to  multiply  further  expressions  derived  from 
van  der  Waals*  equation. 

(/)  Comparison  of  Values  Obtained  by  Different  Methods. — On  ap- 
plying the  above  expressions  for  internal  pressure  it  is  found  that  very 
different  values  are  obtained  for  the  same  substance.  This  is  illustrated 
by  the  values  in  the  following  table: 

Tabids  I. 
Internal  Pressures  at  20*. 

n  (atmospheres). 
1^.      a.lO*.  o.l<H.   tf.lO«.  K.  (3).         (4).         (5).         (6). 

Ether 34.6  346  16.5  187. i  103.8  1240  1600  2590  930 

Carbon  tetrachloride. .. .  76.5  389  12.4  104. 5  86.6  1600  2080  3480  1190 

Benzene 80  373  12.4  95.3  88.8  1770  2360  3810  1300 

Carbon  disulfide 46  220  12.2  93.2  60.2  2260  3040  3840  1920 

The  values  of  fi  here  used  are  those  of  Tyrer,^  the  values  of  a  are  calculated 
from  the  measurements  of  Young,*  except  that  for  carbon  disulfide,  which 
is  from  Hannay  and  Hogarth.' 

It  is  not  surprising,  in  view  of  the  well-known  inadequacy  of  the  van  der 
Waals  equation  for  dealing  with  liquids,  that  the  different  fonnulas  de- 
rived by  its  aid  lead  to  inconsistent  results.  It  will  be  profitable  in  the 
future  to  study  the  results  obtained  by  a  similar  treatment  of  other  equa- 
tions of  state.  Such  treatment,  however,  lies  beyond  the  scope  of  the 
present  paper,  and  is  unnecessary  for  the  present  purpose,  since,  it  will 
be  observed,  the  values  of  n,  calculated  in  the  above  various  ways,  are 
dosdy  parallel  (except  the  value  for  carbon  disulfide,  as  calculated  by 

*  Tyrcr,  /.  Chem,  Soc.,  X05,  2534  (1914)* 

«  Young,  51c.  Proc.  Ray,  Soc,  Dub.,  12,  374  (1910). 

*  Hannay  and  Hogarth,  Proc:.  Roy,  Soc„  33,  294  (r882). 
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Equation  5,  which  shotdd  be  much  higher  to  correspond  to  the  others). 
Since  we  are  interested  primarily  in  relative  and  not  in  absolute  values  of 
internal  pressure,  in  order  to  apply  our  theory  for  the  deviations  from 
Raoult's  law,  it  suflSces  to  determine  the  position  of  a  liquid  in  the  table 

Table  II. 
Relative  Internal  Pressures  at  20*. 

5200+3016     a    ,^ 

^Substance.                                     y.            tj,         a.lO<.        V,            y/vH.  y  *    v* 

Olein 34 .4         994  1 .60 

Nickel  carbonyl 1459      432      548*    135            2.84  48.0  2.46 

Octane 21.52     125          728       177            3.83  50.5  2.32 

Decane 22.08     173          968      196.5        3.80  52.8  2.52 

Hexane 19.25      69          493       130.5        3.80  55.6  2.90 

Ethylether 17. i        34.6      346      103.8        3.64  60.1  3.20 

Silicon  tetrachloride 16.65      59.6       ...       114. 5        3.42  61.0 

Mesitylene 28.32     165          684      1390        5.46  73.0  3.56 

Stannic  chloride 113          536      117.0        5.44  73.5  3.90 

w-Xylene 28 .07     139          605       123 .0        5 .64  76 .2  4 .00 

Ethyl  benzene 28 .94     136          570      121 .0        5 .86  76.7  3 .90 

Carbon  tetrachloride 26 .56      76 .5      389        96 .6        5 .  78  77 .5  4.16 

Toluene 28.63     no. 7      480      106.5        6.06  80.0  4.28 

Fluorobenzene 27.96      85          397        93.8        6.18  82.0  4.52 

Phosphorus  trichloride. ...  29 .  10      76           ...         87 . i        6 .07  86 .0 

Chlorine — 33.6      118        50.2         ...  84.0  4.60 

Benzene 28.90      80          373        88.8        6.48  85.6  4.72 

Chloroform 26.76      61          293        80.4        6.20  87.5  4.54 

Ethyliodide 29.08      72          283*      80.7        6.74  91.3  4.35 

Chlorobenzene 32.90     132          507       loi  .8        7.05  90.2  4.88 

Bromobenzene '35          156          569      105.0        7.5  94.1  5.16 

Naphthalene 218          792       123*           ...  95.5  5.16 

lodobenzene 3742     188.5      659       112. 2         7.80  96.8  5.24 

Ethylene  chloride 32.11       83.7      337        78.8        750  97-8  5.44 

Thiophene 32            84         (413)       79.0        7.5  97.7  (6.62) 

357*  5.72 

Phenanthrene 340        1410*     158*           ...  98 .0  5.7 

/>-Dibromobenzene 39.0      219          860*     120            7.9  98  6.0 

Ethylene-bromide 38 .36     129         (279)       85 .2        8.7  106  (3 .9) 

408*  5.5 

Phosphoroustribromide 172           ...         95 .5         ...  108 

Carbondisulfide 34.5        46          220        60.2        8.7  109  6.1 

Bromoform 151          497*      86.6         ...  112  6.6 

Sulfurmonochloride 4295     138          548*      80.5        9.95  116  8.5 

Bromine 39            59          191*      51.3       10.5  136  7.3 

Iodine 184          310*      6o»           ...  180  8.6 

Phosphorus 51. i       287          659        69.5*     12.4  199  13.7 

•Calculated  by  the  method  of  van  Laar,  Loc.  cit. 

^  Extrapolated  from  data  by  Lossen  and  Zander,  Ann.,  225,  iii  (1884). 

'  Extrapolated  from  data  by  Schiff,  Ibid.,  223,  247  (1884). 

*  Extrapolated  from  data  by  Billet,  Wein.  Inst.,  France,  1855,  292. 

*  Abegg-Auerbach,  Handbuch  i,  anorg,  Chem.,  5,  p.  373. 
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arranged  in  the  order  of  increasing  internal  pressures.  This  has  been  done 
in  the  preceding  table^  where,  for  the  sake  of  simpUdty,  the  numerical 
coefficients  of  the  formulas  have  been  omitted,  also  the  values  calculated 
by  Formulas  5  and  7,  since  the  other  values  are  sufficient  and  more  re- 
liable. Values  of  7/V^,  Formula  i,  have  been  induded,  taking  the 
values  for  7  from  the  extensive  summary  by  Harkins,  Davis  and  Clark.^ 
Values  oi  a  and  V  have  in  general  been  calculated  from  data  in  LandoU  u. 
Bdmstein  TabeUen,  except  as  noted. 

The  parallelism  between  the  values  in  the  last  3  columns  is  quite  satis- 
factory, as  it  is  only  occasionally  that  a  difference  of  more  than  one  or  two 
places  is  indicated  by  the  different  values.  In  several  cases  the  value  of 
a/V^  calculated  by  the  method  of  van  Laar  corresponds  more  dosdy  with 
the  position  according  to  other  methods  than  does  the  one  obtained  from 
critical  data,  which  may  be  considered  as  evidence  of  inaccuracy  of  the 
latter.  It  may  be  remarked  that  a  very  dedded  difference  in  internal 
pressure  is  required  to  produce  any  considerable  deviation  from  Raoult's 
law. 

(g)  Relative  Internal  Pressures  at  — ^203**  C.^A  table  similar  to 
Table  11  may  be  calculated  for  the  difficidtly  Uquefiable  gases,  since 
data  are  available  for  some  of  the  more  important  ones.  Table  III  gives 
the  values  obtained  for  nitrogen,  carbon  monoxide,  argon,  and  oxygen  at 
— 203  ^ 

It  was  found  by  the  graphic  method  previously  described  that  the  fol- 
lowing expression  gives  the  heat  of  vaporization  at  constant  volume  at 
this  temperature:  « 

L  —  2?r  =  — 1190  +  267^. 

Table  III. 
Relative  Internal  Pressure  at  — 203  ^ 

SubctMice.     7.         a«lO«.«  VJ    «.10».«   y/vH.      V     '  V*'^^'  VW'      )' 

Nitrogen 10.53    77.3        27  33.355600    3.28    24.2        2.43        10.2 

Carbon  monoxide  12.84    ^3  28  33.05  4910    4.00    29.4        2.62        10.4 

Arson. 13.63    87.0® A.  26  26.3    4500    4.59    40.7        3.90        13.8 

O^gen i3.35    90.2        27  25.8    3850    6.22    44.6        4.10        15.5 

It  will  be  noted  that,  just  as  in  Table  II,  there  is  excellent  parallelism 
between  the  values  in  the  last  four  columns  obtained  by  as  many  inde- 
pendent methods. 

3.  Use  of  the  Table  of  Relative  Internal  Pressures. 

(a)  Solubility  Predictions,  Solids. — The  previous  papers  have  discussed 
the  use  of  the  table  so  far  as  concerns  the  substances  already  in  it.    The 

^  Harkins,  Davis  and  Clark,  Tms  Jottrnal,  39,  541  (1917). 

*  Baly  and  Donnan,  Trans,  Chem,  Soc,,  8x,  907  (1902). 

*  Cf.  values  in  LandoU-Bdmstein  TabeUen. 

*  Calculated  from  Baly  and  Donnan,  Loc.  cU, 
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consideration  of  new  substances  requires,  first,  a  knowledge  of  the  molecular 
voltune.  Where  the  substance  exists  in  the  liquid  state  this  is  easily 
calculated  from  the  molecular  weight  and  the  density.  When  the  sub- 
stance is  a  gas  or  a  solid  at  ordinary  temperatures  its  volume  as  a  liquid 
must  be  gotten  either  by  extrapolating  from  its  density  in  the  liquid  state 
or  by  determining  its  solution  volume,  preferably  in  a  liquid  which  would 
dissolve  it  obeying  Raoult's  law.  To  be  very  accurate  this  would,  of 
course,  involve  one  or  two  successive  approximations. 

In  addition  to  the  molecular  volume  of  the  Uquid  at  20^  we  must  know 
also  either  (a)  the  surface  tension  at  20^,  (6)  the  boiling  point,  or  (c)  the 
value  of  the  van  der  Waals  a.  Where  the  last  is  not  known  from  determi- 
nations of  the  critical  pressure  and  temperature  it  may  usually  be  calcu- 
lated quite  satisfactorily  by  the  method  of  van  Laar  explained  above. 

As  examples  let  us  see  how  successfully  we  could  have  predicted  the 
relative  solubilities  of  some  of  the  solids  given  in  the  second  paper  of  this 
series,  here  reproduced  in  Table  IV. 

Table  IV. 
Solubilities  in  terms  of  mol  fraction. 

^Dibromo-  Pbenan-  Triphenjl- 

Solvent.  benseae,  25  ^  threne,  25**.  methane,  20". 

Hexane 0.086  0.042                     0.030 

Ether 0.183  0.151 

Carbon  tetrachloride o.  193  o .  186 

Benzene 0.217  0.207 

Chloroform ...  0.258 

Carbon  disulfide 0.224  0.255                     0.191 

Calc.  from  Raoult's  law 0.248  0.221                     0.229 

Consider  first  the  solubilities  of  ^-dibromobenzene.  To  find  the  posi- 
tion of  this  substance  in  the  table,  and  hence  the  solvents  which  would 
dissolve  it  giving  solutions  obeying  Raoult's  law,  we  must  know  its  molec- 
ular volume  in  the  (supercooled)  liquid  state,  the  melting  point  being 
89.3^.    Schiff^  gives  an  expression  for  the  density  of  the  liquid  as  follows: 

d'  =  1.8408  —  o.ooo9696(/  —  89.3)  —  0.0002023  (/  —  89.6)*. 
The  decimal  point  in  the  last  coefficient  is  evidently  a  misprint,  as  it  leads 
to  absturd  results.  The  coefficient  is  doubtless  either  0.00002023  or 
0.000002023,  leading  to  a  density  at  20®  of  1.916  or  1.909,  respectively, 
and  a  molecidar  volume  of  123  cc.  or  124  cc.,  respectively.  Tyrer*  gives 
the  solution  volume  per  gram  at  25^  as  0.513  in  carbon  disulfide,  0.514  in 
benzene,  and  0.506  in  chloroform.  Prom  these  figures  we  may  calculate 
the  molecular  volume  at  25®  to  be  about  121  cc.,  which^would  become 
about  116  cc.  at  20"^.  We  will  select  120  cc.  as  the  mean  of  these  two 
values.    The  surface  tension  given  in  the  table  is  extrapolated  from  that 

1  Schiff,  Ann,,  333,  263  (1884). 

'Tyrer,  /.  Chem.  Soc,  97, 2620  (1910J. 
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measured  above  its  melting  point.  The  value  of  a  has  been  calculated  by 
van  Laar's  method,  which  gives  a-io*  =  (6  X  1.55  +  4  X  1.6  + 
2  X  6.9)*  =  860.  Substituting  in  otu"  formulas  we  get  values  in  all  3 
cases  which  agree  closely  in  placing  ^-dibromobenzene  dose  to  and  a  little 
above  carbon  disulfide  in  the  table.  Its  solubility  in  carbon  disulfide 
should  therefore  be  very  dose  to  that  calculated  from  Raoult's  law  by 
the  aid  of  the  mdting  point  and  heat  of  fusion.  Its  solubility  in  liquids 
higher  up  in  the  table  should  be  progressivdy  less.  We  see  that  this  is 
the  case. 

With  phenanthrene  we  have  likewise  solution  volumes  from  the  mea- 
surements of  Tyrer/  from  whidi  we  may  calculate  V  »  158  cc  An  ex- 
pression for  the  density  of  the  liquid  given  by  Schifif,*  1.06305  —  0.0005 
(t  —  100.5),  gives  a  dosdy  agreeing  value,  160  cc.  Although  we  do  not 
possess  measurements  of  the  surface  tension,  both  the  boiling  point  and 
the  value  of  a  calculated  by  van  Laar's  method  agree  in  placing  phenan- 
threne just  above  ^-dibromobenzene,  so  that  a  similar  decrease  in  solu- 
bility is  noted  as  we  go  to  solvents  further  up  the  table. 

Triphenyl-methane  has  a  molecular  solution  volume  in  benzene  and  in 
chloroform,  according  to  Tyrer,  of  264  cc.  at  25  ^  whidi  we  may  call 
appxmmatdy  260  cc.  at  20^.  Prom  this,  together  with  the  values  y  « 
44* 7>'  h  =  360,  a  =  2850  X  10"*,  (calculated)  we  calculate  the  following 
values:  y/V^  =  7.1 ;  (5200  +  3oti,)/Vu  =  64;  a/V*  X  io»  -  4.6.  Although 
these  figtn-es  do  not  agree  very  dosdy  as  to  the  position  of  liquid  triphenyl- 
methane  in  the  table,  they  indicate  that  it  bdongs  in  the  general  region  of 
carbon  tetradiloride,  benzene  and  chloroform.  As  is  to  be  expected  from 
this,  we  find  that  its  solubility  is  much  greater  in  dilorof  orm  than  in  carbon 
disulfide  or  in  hexane. 

(6)  Solubility  Predictions,  Liquids. — ^It  requires  a  great  difference  in 
internal  pressures  to  cause  two  nonpolar  liquids  to  become  incompletdy 
misdble,  but  the  internal  pressure  of  phosphorus  is  so  high  that  this  is 
possible  with  all  of  the  liquids  at  the  top  of  the  table.  Molten  phosphorus 
forms  two  liquid  phases  with  carbon  tetradiloride  and  benzene,  while 
with  carbon  disulfide  it  is  completely  misdble  at  ordinary  temperatures. 
(Molten  phosphorus  can  be  greatly  supercooled.)  It  is  to  be  expected 
that,  except  as  relative  internal  pressures  may  be  altered  by  changing 
temperature,  there  wiU  be  a  progressive  rise  in  the  critical  temperatures 
of  mixing  of  molten  phosphorus  with  another  liquid  as  we  ascend  the  taUe. 
Data  upon  this  are  now  being  obtained. 

(c)  Solubility  of  Gases. — It  will  be  noted  that  the  values  expressing 
relative  internal  pressures  of  the  gases  given  in  Table  III  are  not  far  from 
the  values  for  the  liquids  at  the  top  of  Table  II,  although  Table  III  is 

*  Tyrcr,  /.  Chetn.  Soc.,  97,  2620  (1910). 

«  Schifif,  Loc,  cU. 

<  Harkiiis,  Davies  and  Clark,  Ibid, 
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for  — aos^  and  Table  II  is  for  20^.  Since  the  internal  pressure  decreases 
with  the  temperature,  due  to  decrease  in  V,  the  liquids  nitrogen,  oxygen, 
etc.,  could  they  exist  at  20°,  would  undoubtedly  have  very  low  internal 
pressures.  Hence  the  substances  in  Table  III  properly  belong  at  the  top 
of  Table  II,  and  should  be  much  less  soluble  than  corresponds  to  Raoult's 
law  in  all  the  liquids  in  Table  U,  and  should,  moreover,  dissolve  most 
readily  in  those  liquids  at  the  top  of  Table  II.  That  this  is  true,  so  far 
as  existing  data  are  concerned,  is  seen  by  reference  to  the  table  of  gas 
solubilities  given  in  the  first  paper  of  this  series. 

It  is  obvious,  further,  that  the  solubility  of  oxygen  should  be  considerably 
greater  than  that  of  nitrogen  in  all  the  solvents  in  Table  II,  not  only 
because  of  its  higher  boiling  point,  but  also  because  of  its  higher  internal 
pressure. 

During  the  war  there  was  some  discussion  of  the  possibility  of  finding 
a  good  solvent  for  carbon  monoxide.  It  is  here  seen  that  the  best  sol- 
vents for  this  gas  should  be  the  liquids  at  the  top  of  Table  II,  but  even 
in  these  it  should  dissolve  to  a  smaller  extent  than  Raoult's  law  would  indi- 
cate, and  on  account  of  its  low  boiling  point  Raoult's  law  leads  us  to  expect 
at  best  but  low  solubility.  The  only  hope  of  finding  a  high  solubility  would 
lie  in  the  direction  of  negative  deviation  from  Raoult's  law  caused  by  a 
solvent  with  which  it  would  unite  reversibly  to  form  a  compound  in 
solution. 

(d)  Distillation  of  Liquid  Mixtures.— The  results  obtained  in  the  dis- 
tillation of  liquid  mixtures  may  be  related  to  the  partial  vapor  pressures 
of  the  components,  and  accurately  predicted  in  cases  where  Raoult's 
law  holds.  By  adding  the  possibility  of  predicting  approximately  the 
extent  of  any  deviation  from  this  law  we  are  enabled  to  get  a  general  idea 
of  what  to  expect  in  any  case. 

Suppose,  for  example,  it  were  a  question  of  the  separation  of  nitrogen 
from  argon,  Table  III  would  lead  us  to  expect  a  smaller  deviation  from 
Raoult's  law  with  this  mixture  than  occurs  with  mixtures  of  nitrogen  and 
oxygen,  which  have  been  fully  investigated.^ 

Again,  bromoform  and  mesitylene,  though  not  dififering  much  in  boiling 
point  (151^  and  165®,  respectively)  should  give^  vapor  pressures  enough 
greater  than  Raoult's  law,  on  accoimt  of  their  very  different  internal 
pressures,  to  give  a  vapor-pressure  curve  with  a  maximum,  hence  a  boiling- 
point  curve  with  a  minimum,  which  would  prevent  their  separation  by 
fractional  distillation. 

(e)  Molecular  Weights  and  '^Association." — In  most  determinations  of 
molecular  weight  with  nonpolar  substances  the  figures  would  indicate  an 

^  Inglis,  Proc,  Phys,  Soc,  20,  640  (1906).  Since  writing  the  above  the  author  has 
discovered  measurements  of  the  system  argon-nitrogen  by  Holt  and  Hamburger  (Z. 
pkysik.  Chem.,  91,  513  (1916))  which  confirm  this  prediction. 
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increaang  association  as  the  concentration  of  the  solute  is  increased. 
Investigators  have  in  such  cases  often  used  different  expressions  for  con- 
centration in  order  to  make  the  molecular  weight  appear  as  nearly  constant 
as  possible.  There  has  been  much  discussion  as  to  whether  the  concen- 
tration should  be  expressed  in  terms  of  weight  of  solute  per  imit  volume  or 
per  unit  weight  of  solvent,  or  per  unit  volume  or  per  imit  weight  of  solu- 
tion. The  question  can  be  decided  in  the  light  of  the  theory  that  Raoult's 
kw  holds  for  liquids  for  equal  internal  pressiu-e.  Accordingly,  in  determin- 
ing molecular  weights  that  solvent  should  be  chosen  which  will  have  ap- 
proximately the  same  internal  pressiu-e  and  polarity  as  the  solute,  and  the 
concentration  should  be  expressed  in  terms  of  mol-fraction. 

We  may  illustrate  by  using  determinations  by  Beckman  of  the  rise  in 
boiling  point  of  carbon  disulfide,  using  as  solutes  naphthalene^  and  phos- 
phorus.* Table  V  gives  part  of  the  original  data,  together  with  values  of 
the  mol-fraction  of  solute  N,  and  the  quotient  of  this  into  the  rise  in  boiling 
point,  which  is  the  "molecular  rise'*  and  can  be  calculated  from  the  heat 
of  vaporization  of  the  solvent.  The  values  of  the  latter  given  in  the 
literature  are  as  follows:  6670,'  6420,*  6380,*  66oo.*  The  mean  of 
these  is  6520,  whence  RT^/L  =  30.8. 

Tabl^  V. 

A//i^. 

30.8     calculated 

29.5  1  solute 

29 .8  J  naphthalene 

phosphorus 

It  will  be  noted  that  the  rise  in  the  boiling  point  with  naphthalene 
solutions  is  but  sUghtly  less  than  that  calcidated  from  Raoult's  law, 
whereas  with  phosphorus  it  is  considerably  less  for  similar  concentrations. 
This  is  exactly  what  follows  from  the  table  of  relative  internal  pressiu-es. 
Naphthalene  and  carbon  disulfide  are  not  very  different  in  internal  pressiu-e, 
hence  the  lowering  of  vapor  pressiu-e  or  the  rise  in  the  boiling  point  of 
carbon  disulfide  when  naphthalene  is  dissolved  should  be  a  little  less  than 
that  calculated  by  the  aid  of  Raoult's  law.  With  carbon  disulfide  and 
phosphorus,  however,  the  diflference  in  internal  pressiu-e  is  mudi  greater, 
hence  the  lowering  of  vapor  pressure  or  the  rise  in  boiling  point  is  f oimd  to 
be  considerably  less  than  Raoult's  law  would  lead  us  to  expect. 

>  Z.  physik.  Chem.,  6, 437  (1890). 

«/Wd.,  5,  76  (1890). 

'Regnault,  Mem.  Acad.,  26,  1,  262  (1862). 

<  Winkelmann,  Ann,  d.  Physik,  9,  208,  358  (1880). 

■  ^irtz.  Ibid,,  4O9  446  (1890). 

•  Andrews,  Pogg,  Ann,,  75,  501  (1848). 
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It  is  therefore  desirable,  in  determining  molectdar  weights,  as  well  as  in 
determining  the  "molecular  rise,"  to  select  solvents  having  internal  pres- 
sures approximating  those  of  the  solutes.  Thus,  in  the  light  ci  the  pre- 
vious discussion  concerning  the  solubilities  of  p-dibromobenzene  and 
triphenyl  methane,  it  is  evident  that  the  former  would  give  the  normal 
figure  for  molecular  weight  in  benzene  more  closely  than  in  carbon  di- 
sulfide, whereas  with  the  latter  the  reverse  would  be  true. 

Considerations  of  this  sort  may  prove  very  important  in  such  questions 
as  the  distinction  between  Se  and  Sg  for  the  molecular  weight  of  sulfur, 
and  in  work  such  as  that  of  Gomberg  on  the  trivalent  carbon  compounds. 

It  may  be  well  to  direct  attention  to  an  error  easily  made  in  this  con- 
nection. The  vapor  pressures  of^the  components  of  a  mixture  are  related 
by  the  Duhem  equation  Nid  In  pi  +  NA  In  pt  ^  o,  which  shows  that 
when  the  vapor  pressure  of ^one  "component  deviates  from  Raoult's  law 
that  of  the  other  wiU  deviate  in  the  same  direction.  Accordmgly,  a  polar 
solvent,  which  we  may  legitimately  regard  as  associated,  will  give  a  smaller 
boiling  or  freezing  point  change  with  a  normal  solute  than  Raoult's  law 
would  indicate,  causing  a  high  figure,  and  apparent  association,  for  the 
molecular  weight  of  the  solute.  Such  a  conclusion  is,  however,  quite  un- 
justifiable, since,  if  the  roles  of  solvent  and  solute  are  reversed,  the  other 
component  would  appear  to  be  associated.  For  example,  J.  H.  Mathews^ 
has  concluded  that  anthracene  is  associated  in  solution  in  fused  dnnamic 
add.  Since,  however,  the  latter  is  a  far  more  polar  substance,  it,  and  not 
the  anthracene,  is  to  be  regarded  as  associated,  and  hence  the  cause  of  the 
deviation  from  the  normal  freezing  point  lowering. 

Similarly,  Dolezalek^  has  assumed  that  the  deviation  from  Raoult's 
law  shown  by  mixtures  of  benzene  and  carbon  tetrachloride  is  caused  by 
partial  association  of  carbon  tetrachloride.  There  is,  however,  more 
reason  to  regard  the  benzene  as  the  slightiy  associated  liquid,  so  that 
the  assumption  is  hardly  justifiable.  The  theory  here  advanced  would 
rather  indicate  that  the  difference  in  internal  pressures  is  responsible  for  the 
deviation  rather  than  any  difference  in  polarity.  Similar  objections  apply, 
of  course,  to  the  explanation  used  by  the  writer  to  account  for  abnormal 
behavior  of  various  amalgams.' 

(/)  Deviations  from  the  Mass  Law. — Since  it  is  possible  to  predict 
when  Raoult's  law  will  hold,  it  is  also  possible  to  predict  when  the  mass 
law  will  hold  for  concentrated  solutions.  The  mass  law  is  usually  de- 
rived for  substance  in  solution  by  the  use  of  van't  Hoff's  law  for  osmotic 
pressure.    This  we  know  to  fail  at  higher  concentrations,  so  that  the  mass 

*  Mathews,  Tras  Journal,  39,  1125  (1917)- 

*  Dolezalek,  Z.  physik.  Chem.,  64,  727  (1908). 

'  Hildebrand,  Tms  Journai«,  35,  501  (19 13);  Eastman  and  Hildebrand,  Ihid,,  36, 
2020  (1914);  37>  2452  (1915). 
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law  derived  from  it  must  also  be  inexact.  However,  derived  from  Raoult's 
law,  which  teaches  us  to  express  active  mass  or  concentration  in  terms  of 
mol-fraction,  we  can  predict  that  it  will  hold  at  all  concentrations  for  sub- 
stances having  approximately  equal  internal  pressure,  and,  moreover, 
we  can  predict  the  direction  of  the  deviation  where  this  is  not  the  case 
by  determining  by  the  aid  of  differences  in  internal  pressures  the  relative 
deviations  from  Raoult's  law. 

(g)  Partition  Coefficients.-— The  table  enables  us  to  state  that  in  the 
partition  of  such  a  substance  as  iodine  between  water  and  carbon  disulfide, 
there  will  be  for  a  given  concentration  in  the  water  layer  more  iodine  in 
the  carbon  disulfide  than  there  would  be  in  carbon  tetrachloride,  in  par- 
tition between  it  and  water.    Illustration^  might  be  multiplied  indefinitely. 

(h)  Recrystallization. — ^In  purifying  substances  by  crystallizing  from 
hot  solution  it  is  desirable  to  use  a  solvent  in  which  the  substance  is  not 
very  soluble  at  ordmary  temperatures,  but  in  which  its  solubility  increases 
as  rapidly  as  possible  with  the  temperature.  It  is  well,  also,  to  choose  a 
solvent  in  which  the  impurities  which  may  be  present  ¥dll  be  as  soluble  as 
possible  at  the  lower  temperatures.  When  the  substance  to  be  purified 
has  a  low  melting  point  it  will  be  very  soluble  in  liquids  having  a  similar 
internal  pressure  and  polarity,  hence  it  is  better  to  select  a  solvent  dif- 
ferent from  the  solute  in  one  or  the  other  of  these  factors,  so  as  to  produce 
a  smaller  solubility.  This  has  the  additional  advantage  of  giving  a  larger 
temperature  coefficient  of  solubility,  for  Raoult's  law  is  almost  invariably 
approached  more  closely  at  higher  temperatures  than  at  lower.  For 
example,  a  paraffin  of  melting  point  below  loo^  would  be  most  soluble 
(in  terms  of  mol-fraction)  in  liquids  like  hexane,  silicon  tetrachloride  and 
mesitylene,  and  its  solubility  beu^  already  a  maximum,  so  far  as  the  choice 
of  solvent  is  concerned,  would  not  increase  so  rapidly  with  temperattve 
as  would  its  solubility  in  a  liquid  like  carbon  disulfide,  its  solutions  with 
which  would  deviate  considerably  from  Raoult's  law  on  account  of  the 
difference  in  internal  pressure;  or  in  a  liquid  like  alcohol  where  the  devia- 
tion would  be  due  to  difference  in  polarity.  Hence,  in  cooling  from  say 
50^  to  2o^  a  greater  portion  of  the  paraffin  would  separate  from  its  solu- 
tions in  carbon  disulfide  or  alcohol  than  from  a  solution  in  hexane.  More- 
over, in  this  case  the  impurities  present  would  likely  be  substances  of 
higher  internal  pressure  than  the  paraffin,  such  as  tmsaturated  bodies, 
which  would  remain  in  the  mother  liquor  more  readily,  if  the  solvent 
were  one  of  hi^er  internal  pressure  or  polarity. 

Where  a  substance  of  high  melting  point,  such  as  anthracene,  is  being 
recrystallized,  it  may  be  desirable  to  use  a  solvent  of  similar  internal 
pressure  in  order  to  secure  larger  solubility  than  would  be  possible  in  a 
liquid  of  very  different  internal  pressure  or  of  high  polarity. 

In  future  papers  it  is  planned  to  discuss  the  absolute  magnitude  of 
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internal  pressure  in  the  hope  of  making  possible  the  calculation  of  the 
absolute  deviation  from  Raoult's  law.  Additional  solubility  data  are  to 
be  obtained,  and  the  internal  pressures  of  metals  are  to  be  examined,  so 
as  to  make  possible  the  treatment  of  such  quantities  as  the  e.  m.  f.  of 
amalgam  concentration  cells,  and  freezing-point  diagrams. 

Summary. 

Various  independent  methods  for  calculating  internal  pressures  o^^ 
liquids  are  reviewed,  and  though  the  values  they  )nield  differ  considerably* 
they  are  seen  to  be  closely  parallel.  Pending  a  theoretical  critique  of  the 
subject  tables  of  relative  internal  pressures  of  relatively  nonpolar  sub- 
stances are  given  for  the  sake  of  their  practical  value. 

Other  substances  may  be  placed  with  reference  to  those  already  given 
by  knowing  their  densities  (as  pure  liquids  or  in  solution),  together  with 
either  surface  tension;  boiling  point;  the  constant  a  in  the  van  der  Waals 
equation  (which  may  be  calculated  from  critical  data  or  from  the  atomic 
values  given  by  van  Laar);  the  coefficient  of  expansion;  or  this  last,  to- 
gether with  the  compressibility. 

The  use  of  these  values  is  discussed  in  connection  with  predictions 
concerning  the  solubilities  of  solids,  liquids  and  gases;  the  distillation  of 
liquid  mixtures;  molecular  weights  and  "association;"  deviations  from  the 
mass  law;  partition  coefficients;  and  the  choice  of  solvent  in  rectystalliza- 
tion. 

Bssmunr,  Cauvosioa. 
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Cerous  iodate  and  the  iodates  of  the  other  rare  earth  elements  are  solu- 
ble in  the  presence  of  nitric  add,  although  very  difficidtly  soluble  in  water. 
Scandium  iodate  is  soluble  in  nitric  add,  but  less  easily  so  than  the  rare 
earth  iodates.  Thorium,  zirconium,  and  eerie  iodates  are  almost  insolu- 
ble in  nitric  add  provided  a  considerable  excess  of  iodate  ion  be  present. 

Meyer  and  Speter^  have  devdoped  a  method  for  the  separation  of 
thorium  from  the  rare  earth  compounds  by  predpitation  as  thorium 
iodate,  from  a  solution  strongly  add  with  nitric  add.  It  is  evident  that 
for  the  success  of  this  method  for  thorium  any  cerium  present  must.be  in 
the  trivalent  form. 

1  Chem.  Ztg.,  34, 306  (19x0). 
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This  paper  presents  the  results  of  an  attempt  to  apply  the  iodate  pre- 
cipitation to  the  determination  of  cerium,  and  to  its  separation  from  the 
other  members  of  the  rare  earth  group.  The  hope  of  success  was  based 
on  the  fact  that  ceritun  alone  of  all  the  rare  earth  elements  is  oxidized 
to  a  higher  valence  by  potassium  bromate  in  nitric  add  solution. 

A  solution  of  cerous  nitrate  was  prepared  from  material  of  established 
purity,  which  in  concentrated  state  showed  no  absorption  bands  when 
examined  by  the  spectroscope. 

A  solution  of  neod3miitmi  nitrate  was  prepared  from  material  of  the 
highest  purity.  This  solution  gave  no  test  for  cerium  when  tested  with 
ammonium  hydroxide  and  hydrogen  peroxide — an  extremely  delicate 
reaction. 

A  solution  of  yttriiun  earth  nitrates  was  prepared  from  material  consis- 
ting mainly  of  yttria,  with  small  amotmts  of  holmia,  erbia,  and  dysprosia. 
The  absence  of  even  traces  of  ceriiun  compoimds  in  this  solution  was 
proved  as  in  the  case  of  the  neodymium  solution. 

These  solutions  were  standardized  by  precipitation  with  oxalic  add, 
and  ignition  of  oxide  to  constant  wdght.  The  concordance  obtained  in 
the  standardization  of  the  cerous  nitrate  solutions  by  5  portions  was  within 
two  parts  per  thousand. 

Potassium  iodate  was  used  in  the  form  of  an  add  solution  containing 
100  g.  of  iodate  and  333  cc.  of  cone,  nitric  add  per  liter.  In  some  instances 
the  salt  was  dissolved  in  the  smallest  possible  amoimt  of  dil.  nitric  add, 
and  added  in  this  way  to  prevent  imdue  increase  of  volume. 

The  washing  solution  contained  8  g.  of  potassitun  iodate,  and  50  cc. 
of  cone,  nitric  add  per  liter. 

Potassium  bromate  was  usually  added  in  solid  form. 

Preliminary  experiments  indicated  that  a  considerable  excess  of  iodate 
was  necessary  to  make  the  predpitation  entirdy  quantitative,  and  this 
accords  with  the  experience  of  Meyer  and  Speter  with  thoriiun.  By 
using  about  10  times  the  theoretical  amotmt  of  potassium  iodate,  and  main- 
taining a  rather  small  volume — V»  oi  which  was  nitric  add — and  then 
adding  a  little  solid  potassium  bromate,  the  predpitation  of  eerie  iodate 
was  so  complete  that  the  filtrate  gave  no  reaction  for  ceriiun  by  delicate 
qualitative  tests. 

The  predpitated  eerie  iodate  was  first  ignited  directly,  but  it  was  evident 
that  complete  conversion  to  oxide  was  not  to  be  obtained  in  this  way, 
as  considerable  quantities  of  iodide  resulted.  Solution  of  the  eerie  iodate 
in  hydrochloric  add,  with  the  addition  of  a  little  sidfurous  add,  and  sub- 
sequent predpitation  as  oxalate  was  found  to  be  feasible,  but  owing  to 
the  presence  of  mineral  acid,  which  delays  and  renders  less  complete  the 
oxalate  predpitation,  this  method  was  not  so  successful  as  the  direct 
treatment  of  the  iodate  predpitate  with  boiling  oxalic  add  solution.    By  this 
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direct  treatment  the  precipitate  is  dissolved,  the  eerie  iodate  is  reduced, 
the  liberated  iodine  is  expelled,  and  the  cerium  is  quantitatively  precipi- 
tated as  cerous  oxalate. 

To  test  quantitatively  the  completeness  of  the  precipitation  as  iodate* 
and  the  suitability  of  the  method  of  direct  conversion  to  oxalate,  two  sam- 
ples of  the  standard  cerous  nitrate  solution  were  treated  with  40  cc.  of 
the  precipitating  solution.  This  represented  10  times  the  theoretical 
amount  of  iodate.  About  0.5  g.  of  solid  potassium  bromate  was  added 
to  the  dear  solution,  and  the  resulting  precipitate  of  eerie  iodate  was  floc- 
culated by  gently  warming.  After  standing  until  fully  cold  and  well 
settled,  the  precipitate  was  filtered  on  a  paper  of  dose  texture,  and  washed 
with  the  washing  solution  already  mentioned.  The  predpitate,  together 
with  the  filter  paper,  was  transferred  to  the  original  beaker,  5  g.  of  oxalic 
add  and  25  cc.  of  water  were  added,  and  the  mixture  heated  until  the  paper 
was  well  pulped,  and  all  liberated  iodine  was  expelled.  50  cc.  of  water 
was  added,  and  after  several  hours  the  cerous  oxalate  was  filtered,  and  ig- 
nited to  oxide  in  the  regular  way,  using  a  platinum  crudble  over  the  blast 
lamp  to  insure  absence  of  moisture  and  carbon  dioxide  in  the  material 
to  be  wdghed.  The  results  were  ideal,  as  the  following  figures,  expressed 
for  convenience  in  grams  of  CeOi,  will  show: 

CeOi:  Taken,  0.0721.    Found:  0.07  i,  0.0721. 

The  possibility  of  compensating  errors  naturally  presents  itself,  and  it 
was  regarded  as  not  impossible  that  a  slight  solubility  of  eerie  iodate  might 
be  compensated  by  ocdusion  of  potassium  salt  with  the  cerous  oxalate. 
The  ignited  oxides  were  combined,  and  repeatedly  extracted  with  boiling 
water.  The  residue  obtained  by  evaporating  the  solution  and  gently 
igniting,  wdghed  0.0003  S*  showing  that  the  amount  of  potassium  salt 
ocduded  certainly  did  not  exceed  0.00015  g.  in  each  determination. 
Qualitative  tests  of  the  filtrates  with  comparative  color  blanks,  prepared 
by  taking  o .  0002  g.  of  eerie  oxide  with  ammonitmi  hydroxide  and  hydrogen 
peroxide,  showed  that  any  cerium  present  was  certainly  less  than  the 
equivalent  of  0.0002  g.  of  eerie  oxide.  Thus,  if  any  compensation  exists 
the  amounts  involved  are  minute. 

The  separation  of  cerium  from  neod3rmium  was  next  attempted.  By 
a  single  predpitation  it  was  found  impossible  to  get  a  complete  separa- 
tion of  cerium  and  neodymium,  and  the  amounts  of  cerium  found  were 
deddedly  too  high.  By  redissolving  the  eerie  iodate,  suspended  in  boil- 
ing water,  by  the  gradual  addition  of  nitric  add,  as  was  done  with  thorium 
by  Meyer  and  Speter,^  and  then  repredpitating  by  the  addition  of  more 
potassium  bromate  and  a  very  large  excess  of  potassium  iodate,  the  co- 
predpitated  neodymium  compound  can  be  entirdy  eliminated.    A  series 

^  Loc.  cU. 
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of  determinatioiis  in  the  presence  of  neodymium  by  the  suggested  method — 
wen-king  details  will  be  given  later — gave  promising  results. 

Pound. 
NdtOi  present.  CeOi  taken.  . « . 

0.0475  0.0721  0.0716     0.0721        0.0733 

0.1426  0.0721  0.0704     0.0713 

0.2852  0.0721-  0.0708     0.0689* 

The  results  in  the  presence  of  the  smaller  amount  of  neodymium  were 
satisfactory.  With  higher  percentages  of  neodymium  the  results  were 
too  low.  This  was  instructive,  for  in  the  last  4  determinations  of  this 
series  it  was  feared  that  the  results  would  be  too  high,  and  therefore  the 
washing  was  somewhat  extravagantly  carried  out,  and  more  nitric  add 
was  used  in  redissolving  the  first  precipitate  than  was  absolutely  neces- 
sary. The  figure  marked  with  an  asterisk  may  have  been  the  result  of 
some  manipulative  accident,  but  since  none  was  definitely  noted  the  re- 
sult is  included  for  the  sake  of  tmbiased  completeness. 

It  is  evident  that  the  solubility  of  the  eerie  iodate  is  increased  by  the 
presence  of  an  unduly  large  excess  of  nitric  add,  and  is  decreased  by  a 
large  excess  of  iodate  ion;  so  in  subsequent  experiments  the  nitric  add 
was  added  cautiously  until  the  predpitate  just  dissolved,  and  then  15 
times  the  theoretical  amount  of  potassium  iodate  was  added.  The  wash- 
mg  of  the  iodate  predpitate  is  best  carried  out  by  bringing  the  predpi- 
tate on  to  the  filter  paper,  allowing  it  to  drain,  then  rinsing  it  back  into  the 
beaker  with  the  washing  solution,  and  again  bringing  it  upon  the  filter. 
The  eerie  iodate  is  voluminous,  and  packs  tightly  upon  the  paper.  The 
decantation  method  of  washing  is  less  advisable  because  if  requires  a  larger  < 
volume  of  wash  liquid,  in  which  the  predpitate  is  not  absolutely  insoluble. 

The  detailed  method  as  finally  adopted  may  now  be  given,  and  then  a 
table  of  results,  together  with  a  discussion  of  special  cases. 

To  the  solution  containing  the  rare  earth  nitrates  (any  thorium  having 
been  previously  removed),  is  added  enough  cone,  nitric  add  so  that 
the  latter  shall  make  up  Vt  of  the  solution.  The  total  solution  at  this 
point  should  not  greatly  exceed  75  cc.  It  is  also  better  that  the  amount 
of  ceria  present  should  not  exceed  about  0.15  g.,  since  the  predpitate 
is  bulky,  and  the  washing  is  rendered  more  difficult  by  the  very  large  pre- 
dpitate. About  0.5  g.,  very  roughly  estimated,  of  solid  potassitun  bro- 
mate  is  added,  and  when  it  has  dissolved,  an  amount  of  potassium  iodate 
whidi  is  10  to  15  times  that  theoretically  required  for  the  estimated  ceria 
present  is  added  in  form  of  the  nitric  add  solution  already  given.  This 
reagent  is  to  be  slowly  added  with  constant  stirring.  The  predpitate  of 
eerie  iodate  is  allowed  to  settie  in  the  cold  until  the  supernatant  liquid  is 
practically  dear,  and  it  is  then  filtered  on  a  paper  of  dose  texture,  such 
as  Whatman  No.  42.    The  predpitate  is  brought  upon  the  paper  pretty 
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completely,  and  the  beaker  rinsed  just  once  with  a  small  amount  of  the 
washing  solution  already  described.  After  draining,  but  not  standing 
longer  than  is  necessary,  the  precipitate  is  carefully  rinsed  from  the  paper 
back  into  the  beaker  with  more  of  the  washing  solution.  Any  dots  should 
be  broken  up  with  a  stirring  rod,  and  the  mixture  well  chiuned.  The 
precipitate  is  again  brought  on  the  same  filter  in  the  same  way,  and  al- 
lowed to  drain.  It  is  then  rinsed  back  into  the  beaker  with  hot  water, 
heated  to  boiling,  with  constant  stirring,  and  cone,  nitric  add  is  dropped 
in  tmtil  the  predpitate  is  completdy  dissolved.  Any  unnecessary  excess 
of  nitric  add  is  to  be  avoided.  For  about  o .  i  g.  of  eerie  oxide  from  20  to 
25  cc.  of  add  will  usually  be  required.  To  this  solution  about  0.25  g. 
of  potassium  bromate  is  added,  and  about  the  same  amotmt  of  potas- 
siiun  iodate  as  was  used  in  the  first  predpitation.  This  may  be  used  in 
the  form  of  the  regular  predpitating  reagent,  unless  the  use  of  this  solu- 
tion would  make  the  volume  unduly  large,  in  which  case  the  solid  potas- 
sium iodate  can  be  dissolved  by  heating  in  a  small  volume  of  i  :  2  nitric 
add,  and  thus  added.  The  predpitate  is  allowed  to  settle  as  before,  and 
the  perfectly  cold  mixture  is  then  filtered  through  the  original  paper, 
given  one  very  small  washing  with  the  nitric  acid-iodate  washing  solution, 
rinsed  back  into  the  beaker  once  more,  well  churned,  and  finally  brought 
on  to  the  paper  and  washed  with  3  small  portions  of  the  washing  solution. 
Every  trace  of  the  eerie  iodate  need  not  be  removed  from  the  beaker. 
The  paper  with  the  predpitate  is  now  lifted  from  the  funnel  and  dropped 
into  the  original  beaker,  taking  care  to  remove  any  trace  of  eerie  iodate 
adhering  to  the  glass  fimnd,  either  with  the  upper  edge  of  the  filter  paper 
or  with  a  small  fragment  of  another  **ashless"  filter  paper.  About  5-8  g. 
of  oxalic  add  crystals  are  now  added,  and  then  50  cc.  of  water.  The 
covered  beaker  is  heated  gentiy,  and  its  contents  are  finally  boiled  until 
iodine  vapors  are  no  longer  given  off,  and  all  sublimed  iodine  is  vaporized 
from  the  cover  glass  and  from  the  upper  edges  of  the  beaker.  The  cover 
glass  and  sides  of  the  beaker  are  rinsed  down  with  water,  and  after  having 
stood  for  several  hours  the  cerous  oxalate,  mixed  with  the  pulp  of  the  first 
paper,  is  filtered,  washed  with  cold  water,  and  ignited  in  a  platinum  crud- 
ble  over  the  blast  lamp.  The  wdght  of  eerie  oxide  is  obtained  by  de- 
ducting the  wdght  of  the  two  paper  ashes. 

In  the  following  table  are  given  the  results  of  determinations  carried 
out  in  the  manner  just  outlined.  Any  slight  deviations  from  the  directions, 
and  interpretations  of  the  effects  of  these  deviations,  will  be  noted  later. 

In  Nos.  I  and  2  the  results  are  somewhat  low,  and  this  was  attributed 
to  an  attempt  to  economize  by  using  only  4  to  5  times  the  theoretical 
amount  of  potassium  iodate,  and  working  in  a  voliune  of  nearly  200  cc. 

In  Nos.  15  to  18  the  predpitates  were  rinsed  off  the  paper  with  hot  water, 
and  allowed  to  stand  overnight  before  attempting  to  dissolve  in  nitric 
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add.  It  was  found  impossible  to  dissolve  completely  any  but  No.  17 
the  next  morning,  and  in  all  the  others  a  certain  amotmt  of  the  precipi- 
tate remained  as  a  sediment.  The  experiments  were  repeated  in  Nos. 
19  to  22,  under  exactly  the  same  conditions,  but  taking  care  to  dissolve 
completely  the  eerie  iodate  precipitate  by  the  prompt  application  of  nitric 
add.  The  results  show  that  it  is  necessary  to  dissolve  completdy  the  first 
predpitate  of  eerie  iodate  to  free  it  from  admixed  rare  earth  iodates. 

NdsOt  YiOi,eU:.,  CeOi  CeOi 

present.  present.  taken.  found. 

No.  O.  O.  O.  O. 

1 0.2853  0.3605  0.3577 

2 0.2852  0.3605  0.3575 

3 0.0721  0.0719 

4 0.0721  0.0717 

5 0.0721  0.0718 

6 ..                0.0721  0.0722 

7 0.1426  0.0721  0.0721 

8 0.1426  ..                0.0721  0.0723 

9 0.4278  0.0721  0.0722 

10 0.4278  0.0721  0.07x7 

II 0.0475  0.05             0.0721  0.0727 

12 0.0475  0.05             0.0721  0.0723 

13 0.1426  o.io           0.0721  0.0722 

14 0.1426  O.IO           0.0721  0.0723 

15 0.0475  O.IO             0.1442  0.1459 

16 0.0475  O.IO     0.1442  0.1460 

17 0.1426      0.20      0.1442      0.1449 

18 0.1426      0.20      0.1442      0.1468 

19 0.0475     O.IO     0.1442     0.1453 

20 0.0475     O.IO     0.1442     0.1449 

21 0.1426       0.20       0.1442       0.1437 

22 0.1426       0.20       0.1442       0.1444 

23 0.0950       0.05       0.1442       0.1444 

The  filtrates  from  the  iodate  predpitations  will  usually  show  a  faint 
suggestion  of  opalescence  after  standing  a  few  days.  The  amount  of 
eerie  oxide  represented  in  this  is  negligible,  as  the  eerie  iodate  predpitate 
is  voluminous,  and  even  if  pure  eerie  iodate  it  would  contain  only  about 
V«  of  its  weight  of  eerie  oxide. 

Summary. 

A  method  for  the  determination  of  cerium  by  oxidation  with  potassium 
bromate,  and  predpitation  with  potassium  iodate,  followed  by  direct 
ccmversion  of  the  eerie  iodate  to  cerous  oxalate  has  been  devdoped. 

This  method  has  been  found  accurate  for  determining  cerium  in  the 
presence  of  even  large  amounts  of  rare  earth  salts. 

ToctOM.  Am. 
VmauM,  N.  H. 
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THE  ACTIVITIES  OF  THE  IONS  OF  STRONG  ELECTROLYTES. 

Bt  Duncan  A.  MacInnbs. 

Received  May  6,  1919. 

I.  The  Conductances  and  Mobilities  of  the  Separate  Ions. 

Lewis,^  in  his  paper  on  "The  Activities  of  Ions  and  the  D^;ree  of  Dis- 
sociation of  Strong  Electrolytes"  concludes  that  hydrochloric  add  and 
the  alkali  chlorides  have  the  same  degree  of  dissociation  at  like  concen- 
trations.   The  evidence  is  based  on  the  following  relation: 

7i/7j  =  Ai»i/Ains  (i) 

This  expression  was  derived  by  R.  C.  Tolman  with  the  aid  of  the  assump- 
tion that  the  chloride  ion  has,  at  any  given  concentration,  the  same  mo- 
bility in  solutions  of  the  chlorides  of  the  univalent  elements.  In  this  ex- 
pression Ai,  As,  7ii  72,  «i,  fit,  denote,  respectively,  the  equivalent  conduc- 
tances, the  degrees  of  dissociation  of  the  two  different  chlorides,  and 
the  transference  numbers  of  the  chloride  ion  in  the  two  solutions.  Table 
I  contains  data  for  o.i  N  solutions,  at  i8^,  taken  from  Lewis'  article.  I 
have  prepared  Table  II  for  o.oi  N  solutions,  also  at  i8^  from  data  given 
in  Noyes  and  Palk's^  compilations.  In  the  sixth  coltunn  of  both  tables 
the  product  A«ci  for  the  several  chlorides  is  divided  by  the  correspond- 
ing product  for  potassium  chloride.  As  this  ratio  is  equal  to  i  .000  within 
0.5%,  Lewis  concludes  that  the  ionization  values  are  also  equal  within 
this  limit,  although  the  conductivity  ratios,  A/A©  (given  in  Col.  3)  vary 
widely,  that  of  hydrochloric  add  being  about  7%  higher  than  the  mean 
value  for  the  other  dilorides.    However,  in  this  artide  mentioned,  and  in 

Table  I. 
Data  for  0.1  N  SolutkMis  of  Chlorides. 

^0.1-  ^.iMo-       *ci-  ^*ci^.oi*  ^ci^/(^*ci^)kci- 

HCl 351.4  0.925  0.1612        56.7  0.996 

KCl 112. o  0.862  0.508         56.9  1.000 

NaCl 92.0  0.844  0.617         56.8  0.998 

LiCl 82.3  0.833  0.685         56.4  0.992 

CsQ II3-4  0.850  0.500         56.7  0.996 

TablA  II. 
Data  for  o.oi  N  Solutions  of  Chlorides. 

%oi-  Aq.oi/Ao-  «ci-  *ci^.oi-  ^iV(*»ci^)kci- 

HCl 369.3         0.972  0.167  61.67           1.004 

KCl 122.4         0.942  0.502  61.44           1. 000 

NaCl loi  .98        0.936  0.603  61  '44            I  OCX) 

LiCl 91-97        0.931  0.668  61.43            0.9998 

^  This  Journal,  34f  i^  (1913). 

*  Ihid.,  33,  1436  (191 1)  aod  34,  454  (1912). 
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a  later  paper,^  Lewis  decides  that  the  **caiTected  degree  of  dissociation" 
of  hydrochloric  add  is  higher  than  that  of  potassium  chloride;  at  o.  i  N, 
for  instance,  the  values  given  are  81.6  and  78.0,  respectively.  These 
"corrected  degrees  of  dissociation"  will  be  discussed  in  Section  2  of  this 
paper. 

The  small  variation  in  the  values  in  the  last  two  columns  of  the  two 
tables  shows  that  the  equivalent  conductance  Anci  of  the  diloride-ion- 
constituent  is,  at  any  given  concentration  up  to  o.  i  N,  substantially  the 
same,  whether  the  other  ion-constituent  associated  with  it  is  hydrogen 
ion  or  any  of  the  alkali  element  ions.  Tliis  fact  makes  it  very  probable 
that  the  two  &ctors  which  determine  the  equivalent  conductance  of  the 
chloride-ion-constituent — namely,  the  degree  of  ionization  7  of  the  diloride 
and  the  equivalent  conductance,  or  mobility,  of  the  chloride  ion  itself, — 
must  have  the  same  value  in  the  case  of  the  several  univalent  chlorides 
at  any  given  concentration,  at  any  rate  up  to  o.  i  N,  for  otherwise  we 
would  have  to  assume  that  any  variation  in  the  value  of  one  of  these  fac- 
tors is  just  balanced  by  an  equal  variation  of  the  other  factor  in  the 
opposite  direction.  This  constancy  of  the  equivalent  conductance  of 
the  chloride-ion-constituent  at  any  given  concentration  does  not,  how- 
ever, show  whether  the  decrease  of  it  with  increasing  concentration  is 
due  to  decrease  in  the  ionization  of  the  chloride,  or  to  decrease  in  the 
mobility  of  the  diloride  ion,  or  to  simultaneous  variation  in  both  these 
factors.  Now,  since  it  is  very  possible,  as  already  shown,  that  the  ioniza- 
tion is  the  same  in  the  different  chloride  solutions,  at  any  given  concen- 
tration, it  is  almost  certain  that  the  divergence  of  the  conductance  ratio 
A/Ao  of  hydrochloric  add  from  that  of  the  other  chlorides,  and  the  cor- 
responding divergence  in  the  change  of  the  equivalent  conductance  of 
the  hydrogen-icm-constituent  with  the  concentration  from  that  of  the 
other  constituents,  are  really  due  to  a  considerable  change  with  the  con- 
centration of  the  equivalent  conductance  or  mobility  of  the  hydrogen 
ion  itsdf .  And,  also,  since  differences  in  the  variation  of  the  mobilities 
of  the  ions  are  thus  demonstrated,  it  is  very  probable  that  actual  varia- 
tions of  larger  magnitude  than  these  differences  occur,  with  increasing 
concentrations,  in  the  mobilities  of  all  the  ions. 

a.  The  Activities  of  the  Separate  Ions. 

The  preceding  considerations,  which  are  based  on  the  kinetic  phenom- 
enon of  conductance,  cannot,  from  their  very  nature,  lead  directiy  to  a 
determination  of  the  "activity"  or  "effective  concentration"  of  ions, 
that  is,  to  a  determination  of  the  concentrations  whidi  must  be  assigned 
to  the  ions  in  order  that  their  actual  mass  action  and  other  thermod3aiamic 
effects  may  be  expressed  by  the  familiar  laws  of  perfect  solutes.    The 

1  Ttan  JouBNAL,  39t  2258  (1917)* 
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conclusions  reached  in  the  preceding  paragraphs  do,  however,  much  in- 
crease the  probability  of  a  simple  hypothesis  which  greatly  assists  in  de- 
termining the  probable  values  of  the  activities  of  the  separate  ions. 
Namely,  the  fact  demonstrated  above  that  the  equivalent  conductance 
of  the  chloride-ion-constituent  at  a  given  concentration  is  independent 
of  the  cation  constituent,  and  the  strong  presumption  that  the  concentra- 
tion and  mobility  of  the  chloride  ion  is  the  same  at  any  given  concentra- 
tion in  the  solutions  of  univalent  chlorides,  raises  the  further  prestunp- 
tion  that  the  activity  of  the  choride  ion,  at  any  given  concentration,  is  also 
independent  of  the  cation  associated  with  it. 

This  hypothesis  differs  from  that  employed,  up  to  the  present  time,  in 
computing  activities.  It  has  been  commonly  assumed  that  the  cation  and 
anion  of  the  substance  have  equal  activities  in  the  same  solution,  even  in 
the  case  of  hydrogen  ion  and  chloride  ion  in  hydrochloric  add. 

It  is  the  purpose  of  this  section  of  the  article  to  show  how  the  activities 
of  kydrogen  ion  can  be  obtained  from  existing  electromotive  force  data, 
with  the  aid  of  this  h3rpothesis,  and  with  the  f tulher  assumption  that  the 
usual  hypothesis  is  vcdid  in  the  case  of  potassium  diloride;  that  is,  that  its 
two  ions,  which  have  nearly  the  same  weight  and  mobility,  have  the  same 
activity  in  a  solution  of  the  salt. 

We  will  consider  cells  of  the  types  A  and  B,  i.  e,,  cells  without  and  with 
liquid  junction: 

Ag  +  AgCl,  KCl  (G),  KHg,,  KCl  (C,),  AgCl  +  Ag,  (A) 

Ag  +  AgCl,  HCl  (Ci),  H2  (i  atm.),  HCl  (C),  AgCl  +  Ag, 
Ag  +  AgCl,  KCl  (Ci),  KCl  (C2),  AgCl  +  Ag,  (B) 

Ag  +  AgCl,  HCl  (Ci),  HCl  (C),  AgCl  +  Ag. 

The  electromotive  forces  £a  and  E^  of  cells  of  these  two  types  are  given 
by  the  following  expressions,^  in  which  ai+,  ai"  aj+  and  Oj"  denote,  re- 
spectively, the  activities  of  the  positive  and  negative  ions  at  the  two  con- 
centrations Ci  and  Cs,  and  n  is  the  transference  number  of  the  cation: 

^A  =  —  log  .— —    and   £b  =  -=r-  log  — r—  • 

Prom  the  electromotive  force  measurements  available  for  potassium 
chloride  cells  of  either  of  these  types,  by  putting  ai+  =  ai"  and  ot'^  =  oj"*, 
we  can  find  the  ratio  ai~/^"~  for  chloride  ion  at  concentrations  Ci  and  G. 
Then  from  the  electromotive  force  data  for  hydrochloric  add  cells,  con- 
taining add  at  the  same  concentrations  Ci  and  d,  we  can  find,  by  substi- 
tuting this  value  of  ai^/Oi"  in  the  appropriate  equation,  the  value  of 
ai+/aj+  for  hydrogen  ion. 

Table  III,  which  is  sdf-explanatory,  contains  the  available  data  and 
^  Lewis,  Proc.  Am.  Acad.,  43, 359  (1907)  and  Maclnnes  and  Parker,  T|ns  JouiiNAir, 
37,  1445  (1915). 
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the  results  of  the  computatioiis  just  decribed.  The  electromotive  forces 
in  the  lines  marked  J  are  the  measurements  of  Jahn;^  in  the  lines  indi- 
cated by  N.  and  £.  the  potentials  were  interpolated  from  the  work  of 
Noyes  and  Ellis»'  by  plotting,  on  a  large  scale,  the  logarithms  of  the  ob- 

Table  in. 

Transfer-  ActiTitj  ratio*. 
Type  Conceatratio— .  cnce  nmn-      «/flfefor 

Sab-  of  . ' »  B.  M.  P.    bcrof     . ■ * 

itaaee.  oeU.  Temp.  Ci.  Ct.  of  celL     cfttioii.     ct"".       R+. 

HQ B   i8*  0.006686  0.001665  — 0.05614  0.833  J. 

3.82  3.84 

KCl B  0.006700  0.001670  — 0.03330  0.495  J. 

HCl B      i8*    0.0083150.001665—0.064870.833  J. 

4.70    4.74 
KCl B  0.008329  0.001670  — 0.03844  0.495  J. 

HCl B      18®    0.01665    0.001665 — 0.092350.833  J. 

8.86    9.38 
KCl B  0.01670    0.001674 — 0.054340.496  J. 

HCl B      18^    0.03330    0.003329 — 0.091620.833  J. 

8.76    9.14 
KCl B  0.03347    0.003347  —0.05403  0.496  J. 

HCl A     25*    0.05         0.005       — O.IU34    •••  N.  andB. 

8.64    9.16 
KCl A  0.05         0.005       — 0.11085     ...  M.  andP. 

HCl A     25^    0.1  o.oi         — 0.1116      ...  N.  and  B. 

HQ A  0.1  0.01         —0.1117      ...  L.  B.  S. 

8.33  9.23 

KCl A     25*    0.1  0.01  —0.1089      ...  M.  andP. 

KCl B  0.1  0.01         — 0.0540    0.495  M.  andP. 

served  electromotive  forces  against  the  logarithms  of  the  corresponding 
concentrations.  L.  B.  S.  refers  to  the  work  of  Lewis,  Brighton  and 
Sebastian,'  and  M.  and  P.  to  that  of  Maclnnes  and  Parker.^ 

In  Table  IV  the  activities  of  the  H+  and  CI""  ions  (Columns  2  and  3) 
are  given  at  the  hydrochloric  add  concentrations  shown  in  Col.  i.  For 
the  lowest  concentration  (0.00166  N)  the  activities  of  the  two  ions  are 
assmned  to  be  the  same  and  equal  to  7C,  in  which  7  is  the  conductance 
ratio,  at  this  concentration,  for  potassium  diloride.  For  the  activities  at 
3  of  the  higher  concentiations  this  figure  has  been  multiplied  by  the  ap- 
propriate ratios  from  Table  III.  The  values  oorresponding  to  0.0033, 
0.005  and  0.01  N  were  next  obtained  by  plotting  the  logarithms  of  the 

»  Z.  physik.  Ckem.,  33»  545  (1900). 
>  Tan  JODKNAio  39i  3533  (1917). 
*  IHd^M$^  3245  (19x7). 
«iW.,37»  1445(1915). 
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Ta 

Bl«  IV. 

ActiTitics. 

ActiTity  coefidentt. 

Conccntrftuotis. 

K+  or  CI—. 

H+. 

K+  or  a- 

H+. 

0.001665 

(0.001627) 

(0.001627) 

0.976 

0.976 

0.003330 

0.003140 

0.003205 

0.935 

0.972 

0.00500 

0.004588 

0.004750 

0.918 

0.949 

0.00666 

0.006215 

0.006247 

(0.932) 

0.937 

O.OIOO 

0.008785 

0.009257 

0.878 

0.925 

0.01666 

O.OI441 

0.01526 

0.864 

0.915 

0.03333 

0.02750 

0.02945 

0.825 

0.883 

0.0500 

0.0396 

0.0434 

0.792 

0.869 

O.IOO 

0.0733 

0.0854 

0.732 

0.854 

activities  obtained  as  described  above  against  the  logarithms  of  the  ccnre- 
sponding  concentrations,  the  result  being  very  nearly  a  straight  line. 
These  numbers  were  in  turn  multiplied  by  ratios  from  Table  III  for  the 
activities  at  still  higher  concentrations.  Cols.  4  and  5  of  Table  IV  con- 
tain the  activity  coefficients,  i.  e.,  the  activities  divided  by  the  corre- 
sponding concentrations.  The  activity  coefficients  are  based  on  the  same 
considerations  as  Lewis'  "corrected  degrees  of  dissociations"  for  salts  whose 
ions  have  the  same  activity  at  any  concentration.  If  the  ion  activities 
of  a  substance  are  different  the  "corrected  degree  of  dissociation"  is  the 
mean  of  the  activity  coefficients. 

Since  the  activity  coefficients  in  Table  IV  are  obtained  in  part  by  inter- 
polation and  from  electromotive  force  data  at  two  different  temperatures, 
the  values  given  can  hardly  be  final  ones.  More  experimental  work  is 
needed  in  this  field.  In  regard  to -the  temperature,  however,  the  effect 
on  the  activity  ratios  cannot  be  large  since  Bllis^  has  found  that  activity 
coefficients  calculated  from  freezing-point  measurements  agree  closely 
with  those  obtained  from  electromotive  force  data  at  25^. 

3*  The  Normal  Hydrogen  versus  The  Normal  Calomel  Electrode. 

Lewis,  Brighton  and  Sebastian'  have  calculated  the  potential  of 
(hypothetical)  molal  solution,  with  respect  to  hydrogen  ion,  against  the 
normal  calomel  electrode.  This  calculation  is  repeated  below,  using  the 
activity  coefficients  of  Table  IV  instead  of  the  "corrected  degrees  of  dis- 
sociations" of  these  authors. 

The  potential  in  question,  represented  by  the  expression,' 
H„  H+  (M)  II  KCl  (M),  HgCl  +  Hg 
is  the  sum  of  the  electromotive  forces  of  the  cells: 
H,,  HCl  (o.  I  M),  HgCl  +  Hg;  £  =      0.3989    (C) 

*  T&ZS  JOURNAI,,  38,  761  (1916). 

*Loc,cU. 

*  As  in  Lewis'  iwpers,  the  sjrmbol  ||  indicates  that  correctiQii  has  been  made  for 
the  liquid  junction. 
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Hg  +  HgCl,  HCl  (o.i  M)  II  KCl  (o.i  M), 

HgCl  +  Hg;  E=  0.0  (D) 
Hg  +  HgCl,  KCl  (0.1  M),  KCl  (M),  HgCl  +  Hg  E  =  -0.0529  (E) 
Hi,  H+  (AO  II  HCl  (o.  I  M),  H2;  E  =  -0.0631     (F) 

Of  these  (C)  is  the  mean  of  the  closely  agreeing  results  of  several  ob- 
servers; (D)  is  zero,  since,  according  to  the  viewpoint  of  this  article,  the 
chloride  ion  has  the  same  activity  in  both  solutions;  (E)  is  a  direct  measm-e- 
ment  of  Lewis  and  Randall;  and  (F)  has  been  calculated  by  the  usual 
logarithmic  formula  using  0.854  from  Table  IV  as  the  activity  coeflSdent 
of  hydrogen  ion  in  0.1  ilf  hydrochloric  add.  Performing  the  addition, 
we  obtain 

H,,  H+  (ilf)  II  KCl  (ilf),  HgCl  +  Hg,      E  =  0.2829. 
Lewis  and  his  collaborators  fotmd  practically  the  same  value  (0.2828) 
for  this  constant. 

Following,  once  more,  the  method  of  these  authors,  this  constant  can 
also  be  calculated  by  starting  from  meastu'ements  on  o.oi  ilf  hydrochloric 
add.  In  this  case  the  potential  desired  is  the  stun  of  the  dectromotive 
forces: 

H,,  HCl  (o.oi  ilf),  HgCl  +  Hg, 
Hg  +  HgCl,  HCl  (.01  ilf)  II  KCl  (0.01  ilf), 

HgCl  +  Hg 
Hg  +  HgCl,  KCl  (0.01  ilf)  II  KCl  (0.1  M), 

HgCl  +  Hg, 
H,,  H+  (ilf)  II  HCl  (o.oi  ilf),  H, 
Adding  these  potentials,  together  with  (E),  we  obtain 
Ht,  H+  {M)  II  KCl  (ilf),  HgCl  +  Hg,  £  =  0.2828 

agreeing  exactly  with  the  above  workers.  Potential  (G)  is  from  the 
article  quoted;  (H)  is  based  on  the  same  assumption  as  (D);  and  (I)  and 
(J)  were  found  by  using  activity  coeffidents  from  Table  IV.  Although, 
in  this  case,  the  same  result  is  obtained  as  that  found  with  the  usual 
assumptions  as  to  activities,  some  of  the  potentials  making  up  the  totals 
have  quite  different  values.  For  instance,  the  article  quoted  gives  0.0012 
for  (D),  the  potential  arising  from  the  supposed  difference  in  the  activi- 
ties of  the  chloride  ions  in  the  two  solutions. 

An  example  of  the  difference  between  the  proposed  system  and  the  usual 
assumptions  appears  in  the  computation  of  the  liquid  junction 

HCl  (Ci),  HCl  (C). 

If  the  concentrations  are,  for  instance,  0.01665  and  0.001665  N,  the 

assumption  of  equal  activities  of  the  two  ions  leads  to  — 0.03694  for  the 

potential  at  this  point  of  contact,^  whereas  the  activity  values  given  in 

>  Th»  JournaIo  37i  3305  (1915). 


E 

=  0.5105 

(G) 

E 

=  0.0 

(H) 

E 
E 

=  —0.0545 
=  — 0.1203 

(I) 

a) 
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I092  NOTE. 

Table  IV  yield  — 0.03767.    The  latter  figtire  also  gives  the  same  potential 
(0.05468)  for  the  systems: 

Ag  +  AgCl,  HCl  (0.01665)  II  HCl  (0.001665),  AgCl  +  Ag 
and 

Ag  +  AgCl,  KCl  (0.01665)  II  KCl  (0.001665),  AgCl  +  Ag 
as  would  be  expected  if  hydrochloric  add  and  potassium  chloride  are 
equally  dissociated,  since  all  the  electrodes  are  reversible  to  the  chloride 
ion.    These  computations  will  be  discussed  further  in  a  forthcoming 
article. 

I  am  indebted  to  Prof.  A.  A.  Noyes  for  valuable  criticism  in  the  prepara- 
tion of  this  paper. 

4.  Summary. 

Since  the  product  of  the  transference  nmnber  of  the  chloride  ion  and  the 
equivalent  conductance  wA  is  a  constant,  at  a  given  concentration  and 
temperature,  for  the  chlorides  of  the  alkali  metals  and  of  hydrogen,  it 
has  been  assumed  that  the  * 'activity"  of  the  chloride  ion  in  these  solu- 
tions is  also  independent  of  the  natiu-e  of  the  (imivalent)  positive  ion.  On 
this  basis  the  activity  coefficients  of  both  ions  of  hydrochloric  add  have 
been  calculated  for  a  series  of  concentrations,  and  the  potential  of  the 
norm&l  hydrogen  dectrode  against  the  normal  calomd  dectrode  has  been 
computed. 

Cambrxdob,  Mass. 


NOTE. 
Corrections. — In  the  paper  entitled  "Notes  on  Neutral  Salt  Catalysis" 
(Tms  Journal,  40,  1461  (1918)).  On  p.  1463,  Equation  2  should  read 
HiO,  +  10'  =  H,0  +  I'  +  O,,  instead  of  H,0,  +  10'  =  H,0  +  10',; 
on  p.  1477,  in  the  middle  of  the  page,  for  Ei  +  Et  read  Et  —  Ei;  in  the 
last  line,  for  E^  +  E;  read  E^  —  Ei;  on  p.  1478,  in  Table  VII,  all  num- 
bers in  the  column  headed  E;  should  be  positive  instead  of  n^ative; 
the  column  headed  £,  -f-  Ei  should  read  Et  —  £/;   and  on  p.  1479,  in 

Table  VIII,  under  the  column  headed ,  read  14. 14  for  13. 14. 

Herbert  S.  Harnbd. 

John  Harrison  Laboratory, 

Univbrsitt  ov  Pbnnstlvania, 

PHn,Anm«rHiA. 
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[CoNt&iBimoN  ntoic  tbe  Chbmicai*  Laboratory  op  Harvard  University.] 
STUDIES  IN  THE  CYCLOPROPANE  SERIES.    V. 

By  E.  p.  KOHL9R  AND  L.  L.  STE8I«E. 
ReceiTed  March  12,  1919. 

All  the  cydojn-opaiie  derivatives  described  in  the  earUer  papers  had  two 

carboxyl  groups  in  combination  with  (me  of  the  carbon  atoms  of  the  ring. 

In  OTder  to  determine  to  what  extent  the  peculiar  properties  of  those 

substances  are  due  to  this  fact  we  have  studied  derivatives  which  differ 

from  them  only  in  having  hydrogen  in  place  of  one  of  the  carboxyl  groups. 

The  relation  between  the  two  types  is  shown  by  the  formulas 

CJIiCH  —  CHCOC«H.  CJI»CH  —  CHCOCJI* 

\/  \/ 

C(COiCHt),  CHCOiH 

(I).  (n). 

The  preparation  of  cyclopropane  derivatives  of  the  general  type  repre- 
sented by  Formula  II  proved  exceedingly  difficult;  but  was  finally  accom- 
plished by  an  adaptation  of  the  pyrazoline  method  used  by  Buchner  for 
preparing  cyclopropane  adds.  Under  suitable  conditions,  a,/9-unsatu- 
rated  ketones  combine  with  ethyl  diazo-acetate  to  form  pyrazoline  de- 
rivatives: 

CACH :  CHCOCeH.  +  N,CH,COiCiHi  -  COIiCH CH  —  COCJI. 

I  I 

CjaiOiCC^^NH 

These  ketonic  pyrazolines  decompose  when  heated  but  unlike  the  corre- 
sponding esters  give,  almost  exdusivdy,  pyxone  derivatives: 
CiHiCH CHCOCOI.  CJI.C  —  CH  =  C  — COCJI. 

(I).  I  I  ->        I!  I 

^^•'^'^^^   y^^  CH  — CO  — O-hCOi-hNt-hCtHiOH 

A  small  quantity  of  cydopropane  derivative  is,    however,  formed  in 
accordance  with  the  equation 

CaCH CHCOCeH.  CJIiCH  —  CHC0C|H» 

II  -  \/  +N.. 

CrfliOiC  C  -  N  —  NH  CHCOiCiH, 

The  jddd  of  cydopropane  ester  is  less  than  1%  but  we  fotmd  that  by 
hrating  the  pyrazoline  in  contact  with  polished  platintun  it  was  possible 
to  speed  up  the  second  reaction  at  the  expense  of  the  first  and  thus  increase 
the  yidd  to  more  than  40%.  The  pyxone  derivatives,  which  always  con- 
stitute the  main  product,  are  not  due  to  a  decomposition  of  the  cydo- 
propane compounds  at  high  temperattu-es  because  these  are  far  more 
stable  than  the  corresponding  substances  of  Type  I,  and  can  be  heated 
without  change  to  temperatures  more  than  100^  above  those  used  for 
decomposing  the  pyrazolines. 
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We  have  studied  the  behavior  of  our  substances  with  all  the  reagents 
that  give  characteristic  results  with  the  cyclopropane  derivatives  of  Type 
I:  oxidizing  agents,  reducing  agents,  halogen  adds,  halogens,  phosphorus 
pentachloride  and  alcoholates.  Toward  oxidizing  agents  they  present 
the  same  contrast  with  ethylenic  compounds  that  was  noted  in  the  earlier 
work,  being  quite  unaffected  by  permanganate  but  readily  reduced  by 
zinc  and  acetic  add.  Reduction  results  in  addition  of  hydrogen  to  the 
ring  carbon  atoms,  (i)  and  (3),  and  the  product  is  a  saturated  5-ketanic 
ester. 

CJI.CH  —  CHCOCeH* 

\  /  +  H,  =  C«H»COCH,CH(C«H»)CH,COiC,H,. 

CHCOiCH, 

Both  the  adds  and  their  esters  combine  with  halogen  adds  at  least  as 
readily  as  do  ajjS-unsatiu-ated  ketones,  the  ring  opening  between  carbon 
atoms  (2)  and  (3). 

CHiCH  —  CHCOCeH, 

\  /  +  HQ  -  CJI.CHaCH(C0iCH,)CH,C0C«H6. 

CHCXDiCH, 

The  residting  chloro  ester  loses  hydrogen  chloride  to  potassiiun  acetate 
with  the  greatest  ease,  and  it  is  noteworthy  that  while  it  is  a  /3-chloro 
ester  as  well  as  a  7-chloro  ketone,  not  a  trace  of  imsaturated  ester  is  formed 
in  the  process,  the  sole  product  being  the  cydopropane  derivative.  The 
corresponding  chloro  add,  however,  behaves  toward  sodiiun  carbonate 
like  a  typical  j8-halogen  add,  giving  /3-benzal-propiophenone.^ 
C«H5CHClCH(C02Na)CH2COC«H6  =  CeHsCH  =  CHCHjCOCeHB  +  HCl. 

The  reactions  with  halogen  adds  and  reducing  agents,  in  which  the  ring 
is  opened  in  different  positions  constitute  the  real  proof  that  these  sub- 
stances are  cyclopropane  derivatives  and  not  isomeric  unsaturated  5- 
ketonic  adds. 

Dehydrating  agents  like  acetic  add  and  acetic  anhydride  by  them- 
sdves  do  not  have  any  effect  on  the  cydopropane  derivatives  but  in  their 
presence  hydrogen  bromide  rapidly  transforms  the  cydopropane  acids 
into  imsaturated  lactones. 


CeH^CH  —  CHCOCJH, 

\/                     +HBr 
CHCOiH 

CtHiCHBrCH  —  CHsCOCJI. 
COiiR 

CJiiCH  =  C  — CH  -  C  — CJI. 

1                     1                +  HBr  +  H/D 
CO 0 

Thionyl  chloride  and  phosphorus  pentachloride  convert  the  cydopro- 
pane add  into  its  chloride  without  attacking  the  ring.    The  add  chlo- 
ride cannot,  however,  be  used  for  the  preparation  of  ketones  by  the  Friedel 
»  Wieland,  Ber.,  40,  4830  (1907). 
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and  Crafts  reaction  because  when  it  is  treated  with  benzene  and  aluminum 
diloride  it  immediately  passes  into  the  unsaturated  lactone.  This  is 
probably  merely  another  illustration  of  the  action  of  the  halogen  adds 
in  the  presence  of  dehydrating  agents. 

A  comparison  of  3  closely  related  types  of  cyclopropane  derivatives 
shows  some  significant  differences. 


(3)     (3) 

CHtCH  —  CHCO»a 

(1)  CHCCwa 

CH,CH  —  CHCOCH, 
CHCOiH 

CH.CH  —  CHCOCH, 
C(COiH)t 

(I). 

(n). 

(HI). 

Buchner  found  that  the  adds  of  Type  I  as  well  as  their  esters  are  perfectly 
stable  at  high  temperatures,  and  also  that  the  cydopropane  ring  in  these 
substances  can  not  be  opened  with  reagents.  We  have  verified  this; 
both  the  adds  and  their  esters  behave  in  every  respect  like  saturated  com- 
pounds. In  contrast  with  this,  the  other  two  tjrpes  of  substances  give 
many  of  the  addition  reactions  of  unsaturated  compounds. 

The  most  conspicuous  difference  between  the  substances  represented  by 
II  and  III  is  in  their  behavior  towards  basic  reagents.  The  esters  of  the 
dibasic  adds  combine  with  the  greatest  ease  with  alcoholates,  sodium 
amide,  and  similar  substances,  the  ring  opening  between  carbon  atoms 
(i)  and  (3).  In  contrast  with  this  the  esters  of  the  monobasic  add  are 
indifferent  to  dry  alcoholates,  and  no  reagents  were  fotmd  which  would 
open  the  ring  at  this  point.  Both  types  combine  with  hydrogen,  the 
halogen  adds,  and  probably  the  halogens. 

The  mode  of  addition  to  substances  of  Types  II  and  III  is  the  same  in 
all  cases  in  which  they  combine  with  the  same  reagents.  The  ecise  of 
addition,  however,  is  quite  different.  The  adds  of  Type  III  pass  into 
lactones,  essentially  an  addition  reaction,  at  temperatures  at  which  those 
of  Type  II  are  perfectly  stable.  With  halogen  adds,  on  the  other  hand, 
the  substances  of  Type  II  combine  far  more  readily  than  those  of  Type  III. 

Experimental  Part. 
Preparation  of  the  Cyclopropane  Derivatives. — ^When  benzoylphenyl- 
cydopropane  dicarboxylic  add  is  heated,  one  of  the  products  is  the  cor- 
responding monobasic  add.^ 

CHiCH  — CHCOCiH,  COIiCH  —  CHCX)CeH, 

\/  ->  \/  +C0,. 

C(CO,H),  CHCOiH 

The  amount  of  cydopropane  derivative  obtained  in  this  way  is  insig- 
nificant but  it  seemed  probable  that  by  using  ester  adds,  add  salts,  or 
sidtabk  catalytic  agents,  it  would  be  possible  to  lower  the  temperature 
^  This  Journal,  39, 1418  (191 7). 
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to  the  point  where  the  cyclopropane  derivative  would  be  the  principal 
product.    All  of  our  eflForts  in  this  direction  proved  fruitless. 

The  second  method  of  preparation  that  we  tried  dqpended  on  the  elim- 
ination of  hydrobromic  add  from  an  a-bromo  ketonic  ester.  For  the 
work  in  this  direction  we  selected  methyl  /5-phenyl-7-(4-bromobenzoyl)- 
butyrate,  because  it  was  more  likely  to  give  solid  products  than  the  un- 
substituted  ester. 

/8-Phenyl-7(4-bromobenzoyl)-butyric  Acid,  BrC6H4COCHjCH(C«Hg)- 
CH2C02H. — ^The  add  was  obtained  in  calculated  quantity  by  heating  the 
corresponding  malonic  add^  to  135-140®  tmtU  eflfervescence  ceased.  It 
was  ptuified  by  reoystallization  from  aqueous  alcohol.  It  separated  in 
needles  and  melted  at  152-153**. 

Calc.  for  CnHuQtBr:  C,  58.8;  H,  4.3.    Pound:  C,  58.5;  H.  4.5. 

The  methyl  ester  was  obtained  by  saturating  a  concentrated  solution 
of  the  add  in  methyl  alcohol  with  hydrochloric  add.  It  separated  in 
solid  form  as  the  solution  cooled.  The  solid  was  washed  with  water  and 
recrystallized  from  methyl  alcohol.  The  ester  oystallizes  in  stout  needles, 
is  moderately  soluble  in  methyl  alcohol  and  ether,  and  mdts  at  93°. 
Calc.  for  CisHiTOjBr:  C,  49.1;  H,  3.6.    Found:  C,  48.9;  H,  3.6. 

Methyl  /9-Phenyl-7-bromo-7-(4-bromobenzoyl)-butyratey  BrCeH*- 
COCHBrCH(C6H6)CH2C02CHs.— The  ester  was  brominated  in  carbon 
tetrachloride.  The  product  was  left  as  an  oil  when  the  solvent  was  re- 
moved under  diminished  pressure,  but  it  solidified  on  addition  of  a  little 
ether.  By  recrystallization  from  methyl  alcohol  the  solid  was  separated 
into  two  monobromo  derivatives.  The  one  that  is  formed  in  largest 
quantity  aystallized  in  fine  needles  and  mdted  at  81-82**.  The  other 
separated  in  small  quantity  from  the  mother  liquors,  in  long,  feathery 
aystals  that  mdted  at  92®. 

Calc.  for  CiaHieOsBrt:  C,  49.1 ;  H,  3.6.    Found:  C,  49.0,  49.1 ;  H,  3.6,  3.9. 

Elimination  of  Hydrogen  Bromide. — Methyl  alcoholic  solutions  of  the 
7-bromo  esters  were  boiled  with  magnesiiun  methylate,  potassitun  acetate, 
and  soditun  methylate.  The  substance  was  not  affected  at  all  by  mag- 
nesium methylate.  The  solutions  containing  potassium  acetate  deposited 
nearly  the  calculated  amount  of  potassiiun  bromide  in  the  course  of  5 
hoiu^.  Most  of  the  alcohol  was  then  removed.  It  left  a  pale  yellow  cmI. 
This  was  dissolved  in  ether,  the  ethereal  soluticm  washed,  dried  and  al- 
lowed to  evaporate.  The  pale  yellow  dl  that  was  left  eventually  solidified. 
The  solid  was  purified  by  recrystallization  from  alcohol  and  thus  obtained 
in  fine,  colorless  needles  that  mdted  at  158®. 

Calc.  for  CnHuOsBr:  C,  591;  H,  3.8,    Pound:  C,  58.8;  H,  3^. 
The  analysis  indicated  a  lactone,  formed  in  accordance  with  the  equation 
»  This  Journai^  39,  3408  (1917). 
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C«HiCHCHBrCXXVB«Br  CACH  —  CH -- CXK:eH«Br 


> 


CH,CX)*CH,         +  CH,CX>iK  -      CH,— CO  +  KBr  +  CH,CO,CH». 

In  Older  to  verify  this  the  7-lactone  was  made  by  way  of  the  bromo  add. 

/5-Phenylr7-bromo-7-(4-bromobeiizoyl)-butyric  Acid,  BrCeHtCOCH- 
BrCH(C«H6)CHtC02H.— Bromine  was  added  to  finely  powdered  phenyl- 
^faromobenzoyl-but3rric  add,  suspended  in  hot  carbon  tetradiloride,  mitil 
a  permanent  red  color  appeared.  The  add  dissolved  in  the  process  and 
the  solution  on  cooling  deposited  the  bromo  ester  in  calculated  quantity. 
The  fine,  white  powder  was  recrystallized  from  ethyl  acetate,  as  it  was 
found  to  be  excessively  soluble  in  alcohol  and  ether.  It  crystallized  in 
needles  and  melted  at  146-147^. 

Calc  for  CnHiMBtM:  C,  47.9;  H,  3.3.    Potmd:  C,  47.8;  H,  3.1. 

/9-Phenyl-Y-(4-bromobenzoyl)-butyrolacton6,  cji,CH  —  CHCOCABr. — 


> 


CH,  — CO 

The  7-bromo  add  was  dissolved  in  a  cold  solution  of  sodium  carbonate. 
After  3  or  4  minutes  the  dear  solution  became  ttu-bid  and  soon  a  predpitate 
formed.  This  was  recrystallized  from  alcohol  and  a  mixed  mdting  point 
showed  that  it  was  identical  with  the  product  obtained  from  the  reaction 
between  the  bromo  ester  and  potassium  acetate. 

The  product  of  the  reaction  between  the  bromo  ester  and  sodium 
methylate  likewise  was  an  oil  that  solidified  after  long  standing.  The 
solid  proved  to  be  a  mixture  of  the  same  lactone  and  the  bromine-free 
saturated  ester  in  approximatdy  equal  amounts.  These  results  showed 
that  it  was  hopdess  to  attempt  to  get  the  cydopropane  derivative  from 
the  7-bromo  ester. 

3,5  -Dibromo  - 4  -  phenyl  -  6  -  (4  -  bromo  -  ^enyl)  -  dehydropycone-iyS, 
CACH  —  CBr  -  C  CJIiBr.— A    third    attempt   to   make   the    cydopro- 

CHBrCO O 

pane  derivative  was  based  on  the  dimination  of  bromine  from  an  a,7- 
dibromo  ketonic  ester.  As  the  7-bromo  ester  does  not  react  with  bromine 
we  undertook  the  bromination  of  the  7-bromo  add  by  the  Hdl-Volhard- 
Zelinsky  method.  For  this  ptu-pose  5  g.  of  the  add  was  dissolved  in  12  g. 
of  phosphorus  tribromide  with  gentle  warming.  An  excess  of  bromine 
was  added  and  the  mixture  boiled  until  the  evolution  of  hydrogen  bromide 
ceased.  The  solution  was  then  allowed  to  cool  and  poured  into  ice  water. 
This  predpitated  a  brick-red  solid  which  was  insoluble  in  alcohol  and 
ether.  It  was  recrystallized  from  ethyl  acetate  from  which  it  separated 
in  large,  rhombic  crystals  of  the  color  of  smoky  quartz.  These  mdted 
at  170**. 
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Cak.  for  CirHuOiBrs:  Br,  49.3.    Pound:  494. 
The  substance  was  insoluble  in  alkaline  carbonates.    No  attempt  was 
made  to  determine  its  structure,  but  it  seems  altogether  probable  that 
it  is  a  pyrone  derivative  formed  from  the  add  bromide. 

CJiiCHCHBrC0C.H4Br  CeH»CH  —  CBr  -  CX^iHiBr 

I  — >  I  I  +HBr. 

CHBrCOBr  CHBr— CO— O 

Eetonic  Pyrazolines. — Since  all  of  the  more  direct  methods  for  getting 
the  desired  cyclopropane  derivatives  failed  it  became  necessary  to  resort 
to  the  pjrrazoline  reaction  which  Buchner  used  for  making  cyclopropane 
adds.  The  outlook  was  far  from  promising.  Ketonic  p3rrazolines  are 
not  nearly  so  easy  to  make  as  the  pyxazoline  esters;  and  only  few  are 
known.  ^  Most  of  these  were  made  by  Buchner  for  the  purpose  of  getting 
cydopropane  derivatives,  but  when  he  heated  them  he  invariably  ob- 
tained only  pyrone  derivatives.* 

CCCH,  CCCOIi 

I  I 

CHsCH C  —  COCH,  CiHiC C  =  C  —  CH, 

II  ->  II  I 

CtHiOiC  C^      Am  CH  — CX)--0       +CO.  +  CtHiOH+Ni. 

The  diazo  ester  used  in  the  earlier  experiments  was  a  very  pure  prepara- 
tion obtained  by  the  method  of  Ciutius.'  It  was  found  later  that  a  prod- 
uct obtained  by  the  more  convenient  method  given  by  Weyl*  served  equally 
well.  After  removing  the  last  of  the  ether  tmder  diminished  pressure 
the  pale  yellow  liquid  could  be  kept  in  brown  bottles  for  many  weeks 
without  change.  In  a  colorless  bottle  one  specimen  polymerized  to  the 
triethyl  ester  of  pyrazoline  triadd-1,2,3,  mdting  at  9S-99®. 

Phenyl-(4-bromobenzoyl)-pyrazole  Carboxylic  Add, 
CeHftC  ===  C  —  COC^EUBr, — ^A  mixture  of  equivalent  amotmts  of  ethyl 

HOiC  — C  =  N  — NH. 

diazo-acetate  and  benzal-/>-bromo-acetophenone  was  warmed  gently  on  a 
steam-bath.  At  90°  a  slight  eflfervescence  was  noted  and  at  95  ®  a  vigorous 
reaction  took  place.  After  this  was  over  the  temperature  of  the  mixture 
was  gradually  raised  to  175°  in  the  course  of  4  hours.  The  product  on 
cooling  turned  to  a  glue-like  mass  which  did  not  sohdify  in  contact  with 
alcohol.  It  was,  therefore,  treated  with  alcoholic  potassitun  hydroxide.  The 
solid  potassium  salt  which  separated  was  washed  with  alcohol  until  colorless. 
It  gave  a  colorless  acid  which  crystallized  from  alcohol  in  feathery  needles. 
The  add  melted,  with  decomposition,  at  216-217**. 

»  Ber„  28, 221  (1895);  35, 34,  785  (1902). 

« Ber.,  35,  789  (1902). 

«  /.  prakt,  Chem.,  [2]  38,  401  (1888). 

*  Meth,  d,  org,  Chem,,  p.  848. 
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Calc  for  CnHisOiNiBr:  Br,  21.6.    Found:  Br,  21.2. 
Phenyl-(4-bromobenzoyl)-pyrazol,  CeH^  —  C CCOCeH^Br.  —The 

CH=N  — NH 
pyrazol  carboxylic  add  began  to  effervesce  freely  at  245**.    The  gas 
evolved  was  carbon  dioxide.    The  light  brown  residue  was  recrystallized 
from  alcohol,  which  deposited  it  in  colorless  needles  melting  at  159®. 

An  analysis  of  this  substance  showed  that  it  was  a  pyrazol  derivative; 
the  condensation  product  from  which  it  was  obtained  therefore  was  not 
the  desired  ketonic  p)nrazoline. 

Calc  for  CiiHuONiBr:  C,  587;  H,  3.4.    Found:  C,  58.7;  H,  3.7. 

Efiiyl   4  -  Phenyl  -  5  -  (4  -  bromobenzoyl)  -  pyrazoline    Carboxylate, 

CtH»CH  ==  CHC(X:«H4Br.— A  solution  of  15  g.  of  ethyl-diazo-acetate 

II 
CiHsOiC  C  «==  N  —  NH 

and  37  g.  benzal-f -bromo-acetophenone  in  high  boiling  Ugroin  was  heated 

on  a  steam-bath.    After  a  time  a  fine,  white  precipitate  began  to  separate. 

The  reaction  appeared  to  be  complete  after  2.5  hours  when  26.5  g.  of 

product  was  filtered  from  the  hot  solution.     Recrystallization  of  this 

product  from  alcohol  gave  colorless,  rhombic  plates  which  melted  at  150- 

154**  with  effervescence. 

Calc.  for  Ci»Hi70iNjBr:  C,  56.8;  H,  4.2.    Found:  C,  56.9;  H,  4.5. 

4-Phenyl-6-(4-bromophenyl)-pyrone-i,2,  CeHsC  —  CH  =  c  --  C«H4Br, — 

CH  — CO  — O 
The  pyrazoline  derivative  began  to  give  off  nitrogen  at  160®.  A  quantity 
of  it  was  therefore  heated  in  an  oil-bath  at  170-200°  for  two  hours.  The 
resulting  oil  on  cooling  deposited  a  mixture  of  two  kinds  of  crystals.  These 
were  separated  by  systematic  fractional  crystallization  from  alcohol. 
The  principal  product  was  sparingly  soluble  in  alcohol  from  which  it  sep- 
arated in  fine,  feathery  crystals.  When  pure  it  melted  sharply  at  183° 
and  contained  no  nitrogen.  This  was  evidently  a  pyrone  derivative 
formed  in  the  same  way  as  those  obtained  by  Buchner  in  a  similar  reac- 
tion. 

Calc  for  Ci7HuO»Br:  C,  62.4;  H,  3.4.    Found:  C,  62.2;  H,  3.6. 

Ethyl  2  -  Phenyl  -  3  -  (4  -  bromophenyl)  -  cyclopropane  Carboxylate, 
Cja*CH  —  CHCcEUBr. — ^The  mother  Uquors  from  the   pyrone  derivative 

CHCOiCJHi 
deposited  a  small  quantity  of  another  substance.    By  recrystallization 
from  alcohol  this  was  obtained  in  colorless  needles  which  melted  at 
118-119^ 

Calc  for  Ci»Hi70tBr:  C,  61. i;  H,  4.6.    Found:  C,  61.0;  H,  4.4. 

This  substance  was  undoubtedly  the  cyclopropane  derivative,  but  the 
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amotint  obtained  was  extremdy  small — ^less  than  o.i  g.  from  lo  g.  of 
pjrrazoline  derivative.  Its  relatively  high  melting  point  and  its  sparing 
solubility  in  alcohol  indicated  that  a  corresponding  compotmd  obtained 
by  starting  with  benzal-acetophenone  would  likewise  be  a  crystalline  solid. 
We  therefore  used  the  more  convenient  tmsattu'ated  ketone  in  all  sub- 
sequent experiments. 

Ethyl  4-Phenyl-5-benzoyl-pyrazoline  Carboxylate-3i 

CeHjCH CHCOCiHj. — ^A  solution  of  43.8  g.  of  benzal-acetophe- 

CiHiOiC  —  C  =N>-  NH 

none  and  24  g.  of  ethyl  diazo-acetate  in  the  minimum  quantity  of  ligroin 
(90-120°)  was  heated  on  a  steam-bath  for  3  hours.  A  red  oil  accumulated 
on  the  bottom  and  sides  of  the  flask.  The  ligroin  was  decanted  and  a 
small  quantity  of  ether  poured  on  top  of  the  oil,  which  soon  solidified 
under  this  treatment.  The  solid,  purified  by  recrystallization  from  alco- 
hol, was  obtained  in  hexagonal  plates  melting  at  156-158°. 

Calc.  for  Ci»Hi804Ni:  C,  70.8;  H,  5.6.    Found:  C,  70.5;  H,  5.9. 

In  later  experiments  it  was  found  that  a  much  piu-er  product  could  be 
obtained  by  inoculating  the  hot  ligroin  solution  of  benzal-acetophenone 
and  ethyl  diazo-acetate  with  some  of  the  oystalline  p)nrazoline  derivative 
and  then  by  frequent  shaking  induce  the  product  to  separate  as  a  fine 
crystal  powder.  After  this  was  washed  with  ether  it  was  piu-e  enough  for 
use.  It  was  found  also  that  on  a  small  scale,  at  any  rate,  the  reaction  can 
be  carried  out  without  using  a  solvent.  Thus  2  g.  of  tmsaturated  ketone 
and  1.2  g.  of  the  diazo  compound  were  heated  at  60-65°  for  5  hours.  The 
pyrazoline  derivative  began  to  separate  spontaneously  after  about  an  hour. 
After  washing  with  ether  the  product  weighed  2.  g.  The  average  yield 
when  ligroin  was  used  as  a  solvent  was  64%. 

The  p)rrazoline  derivative  is  moderately  soluble  in  boiling  alcohol,  spar- 
ingly in  cold  alcohol  and  ether,  insoluble  in  ligroin.  Its  solutions  in  alco- 
hols turn  to  a  brilliant  red  color  when  a  little  hydrogen  chloride  is  passed 
into  them.  On  protracted  heating  below  the  temperature  at  which  it 
decomposes  it  passes  into  an  isomer  that  crystalUzes  in  needles  which  are 
readily  soluble  in  alcohol  and  ether  and  which  melt  at  102.5-103°.  This 
substance  is  also  formed  in  small  quantities  dining  the  condensation  of 
the  unsaturated  ketone  and  diazo  ester,  and  accumulates  in  the  mother 
liquors.  It  is  probably  a  stereoisomer  because  its  alcoholic  solutions  with 
hydrochloric  add  give  the  same  color  as  the  higher  melting  product. 
Calc  for  CitHi804Nt:  C,  70.8;  H,  56.    Found:  C,  70.5;  H,  5.6. 

4,6-Diphenyl-pyrone-i,3y  CeHjC  —  CH  =*  c  —  CtH|. — ^This  is  always  the 

CH  — CO  — O 
principal  product  that  is  formed  when  the  p3a'azoline  compounds  are 
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decomposed  at  high  temperatures.  It  is  most  easily  pmified  by  first  dis- 
tilUng  the  oily  melt  mider  diminished  presstire  and  then  recrystallizing 
the  solid  distillate  from  alcohol.  It  is  very  sparingly  soluble  in  cold  alco- 
hol, readily  soluble  in  ether  and  boiling  alcohol,  and  crystallizes  in  yellow 
plates  which  melt  at  138-139**. 

Calc  for  CuHuOi:  C,  83.3;  H,  4.8.    Pound:  C,  82.2;  H,  5.a 
Ethyl  2-Phenyl-3-benzoyl-cyclopropane  Carboxylate, 
CiBUCH  —  CHCOCiHi. — ^The  cyclopropane  derivative  is  probably  formed 

CHCOiCiHi 
whenever  the  pyrazoline  is  decomposed  at  high  temperature  but  the  yield 
is  alwajrs  small,  for  we  never  got  over  2%  when  the  pyrazoline  was  heated 
by  itself.  In  an  effort  to  improve  the  yield  we  decomposed  the  substance 
under  a  variety  of  different  conditions:  in  solution  in  high  boiling  liquids, 
under  increased  and  reduced  pressures,  and  in  contact  with  charcoal,  a 
variety  of  porous  materials  that  promote  gas  reaction,  platinized  as- 
bestos, and  all  the  common  metals.  Of  these  only  platinum  and  gold 
proved  useful. 

The  method  of  preparation  finally  adopted  was  therefore  as  follows: 
The  p3nrazoline  was  heated  in  a  metal  bath  in  10  g.  lots  with  3  g.  of  platinum 
scrap  to  each  lot.  At  220-225**  nitrogen  was  given  off  very  rapidly  and 
the  decomposition  was  usually  complete  in  2-3  minutes.  The  resulting 
oil  was  dissolved  in  alcohol  and  the  cyclopropane  derivative  allowed  to 
crystallize  slowly.  The  crystals  were  always  yellow  owing  to  contamina- 
tion with  a  trace  of  the  pyrone  and  several  recrystallizations  were  neces- 
sary to  get  a  colorless  product.  The  average  yield  was  37%. 
Calc  for  Ci»HitOi:  C,  77-6;  H,  6.1.    Pound:  C,  776;  H,  6.1. 

The  cyclopropane  ester  oystallizes  in  thin  plates  and  melts  at  103**.  It 
is  readily  soluble  in  boiling  alcohol  and  in  acetone,  moderately  soluble  in 
cold  alcohol,  ether,  benzene,  and  acetic  add.  It  does  not  reduce  a  solu- 
tion of  permanganate  in  acetone.  In  a  good  vacuum  it  can  be  distilled 
without  loss  and  it  was  recovered  unchanged  after  it  had  been  heated  above 
300®  for  several  hours. 

2-Phenyl-3-benzoyl-cyclopropane  Carboxylic  Acid, 
CiH»CH  —  CHCOCfHi. — For  the  pturpose  of  hydrolysis  an  excess  of  2:3 

CHCOiH 
aqueous  potassium  hydroxide  solution  was  added  to  an  alcoholic  solu- 
tion of  the  ester.  After  10  minutes  the  solution  could  be  diluted  with 
water  without  becoming  turbid — vindicating  complete  hydrol3rsis.  The 
solution  was  acidified,  the  curdy  precipitate  thoroughly  washed  with  water, 
dried  and  dissolved  in  benzene.  The  solution  first  deposited  a  small 
quantity  of  fine  needles,  then  the  main  product  in  long,  thin  filaments, 
Uke  thistledown.    These  are  two  stereoisomeric  adds. 
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The  acid  which  crystallizes  in  needles  is  easily  purified.  It  melts  at 
176**,  and  is  very  readily  soluble  in  alcohol  and  ether,  moderately  in  ben- 
zene, almost  insoluble  in  ligroin. 

Calc.  for  CieHuOg:  C,  76.7;  H,  5.3.    Found:  C,  76.4;  H,  54. 

It  is  difficult  to  get  the  other  acid  in  a  form  in  which  it  will  give  a  sharp 
melting  point  because  it  is  always  contaminated  with  a  small  quantity 
of  its  isomer.  After  a  ntunber  of  recrystallizations  from  benzene  it 
melted  at  147-150°. 

Calc.  for  CieHuOi:  C,  76.7;  H,  5.3.    Found:  C,  76.5;  H,  5.2. 

Each  of  the  cyclopropane  adds  was  re-esterified  by  way  of  the  silver 
salt  and  ethyl  iodide.  The  higher  melting  add  gave  tiie  ester  from  which 
the  adds  had  been  obtained  by  hydroly^.  The  lower  mdting  add  gave 
an  isomeric  ester  which  mdted  at  93-94®.  This  crystallized  from  alcohol 
in  stout  needles  and  from  ether  in  6-sided  plates. 

Calc.  for  CigHisOi:  C,  77.6;  H,  6.0.    Found:  C,  774;  H,  6.0. 

Action  of  Hydrobromic  Add  on  the  Cydopropane  Add. — ^In  order  to 
compare  the  behavior  of  this  add  with  that  of  the  corresponding  dibasic 
add  studied  by  Buchner,  it  was  sealed  up  in  a  tube  with  excess  of  cone, 
aqueous  hydrobromic  add.  No  reaction  took  place  in  the  cold.  The 
tube  was  therefore  heated  in  a  steam-jacketed  furnace.  It  was  extensivdy 
decomposed  and  gave  only  tarry  products,  while  Buchner's  acid  under 
the  same  conditions  remained  unchanged. 

For  the  piUTX)se  of  comparing  the  behavior  of  the  add  with  those  de- 
scribed in  earlier  papers,  its  solution  in  gladal  acetic  add  was  saturated 
with  hydrogen  bromide.  The  solution  turned  yellow  at  once  and  in  a  few 
hours  deposited  a  yellow  crystalline  solid,  mdting  at  149-150°.  This 
was  identified  as  a-benzal-7-phenyl-crotonic  lactone  by  comparison  with 
a  specimen  on  hand.  The  add,  therefore  in  this  respect,  behaves  exactly 
like  the  ketonic  cydopropane  adds  which  contain  two  carboxyl  groups, 
the  ring  opening  between  carbon  atoms  (2)  and  (3). 
C«H*CH  —  CHCOC«H,  rC«BUCHBrCH  —  C0CJI»1 

\/  ->  I  \-> 

CHCOiH  +  HBr  =   L  CH,C0|H         J 

CJI.CH  «  C  — CH  -  CCJBU. 

I  I 

CO o 

Action  of  Hydrogen  Chloride. — ^A  solution  of  the  lower  mdting  add  in 
gladal  acetic  add  was  saturated  with  hydrogen  chloride.  It  remained 
colorless  and  after  a  time  deposited  a  colorless  add  which  mdted  with 
decomposition  at  about  131-132°,  and  contained  chlorine.  This  add  was 
extremdy  unstable,  losing  both  hydrochloric  add  and  carbon  dioxide  with 
the  greatest  ease.  When  dissolved  in  alcohol,  however,  it  formed  the 
corresponding  ester  which  was  perfectly  stable.    An  analysis  of  the  ester 
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showed  tiiat  the  add  must  have  the  composition  CnHuOsCl,  and,  there- 
fore, tiiat  it  is  formed  by  addition  of  a  molecule  of  hydrogen  chloride  to 
the  cyclopropane  acid. 

When  this  chloro  add  was  heated  above  its  melting  point  for  a  few 
minutes  it  lost  carbon  dioxide  and  hydrochloric  add  and  gave  a  neu- 
tral, halogen-free  product  which  melted  at  92-93°.  This  was  identical 
with  the  /S-benzal-propiophenone  which  Wieland  obtained  by  hydrolysis 
of  a,5-diphenyl-a-nitro-butadiene.  Widand's  compound  melted  at  93° 
and  gave  an  oxime  that  at  104°  mdted  to  a  turbid  liquid  which  became 
dear  at  106°.  Oiu:  product  mdted  at  92-93°  and  gave  an  oxime  which 
behaved  exactly  Uke  Widand's.  Hydrochloric  add  therefore  adds  in  the 
manner  assumed  for  hydrobromic  add,  the  proof  being  based  on  the 
following  equations: 

Cai»CH  —  CHCOCJI,  C«H6CHC1CH(C02H)CH,C0C«H, 

\  /  -h  HCl 

CHCOiH 
CHiCHaCH  —  CHjCOCeH,         TCeH^CH  —  CHCHtCOCEUT 

HOiC  L       o  —  c-o  J 

C«H»CH  =  CHCHjCOCiH, 
Ethyl  a-Phenacyl-iS,/?-chloro-phenyl  Propionate,  CeHjCHClCHCCC^- 
CtH5)CHiCOC6H6. — ^The  ester  was  obtained  not  only  by  dissolving  the 
corresponding  add  in  alcohol  but  also,  and  much  more  easily,  by  saturating 
an  alcohoUc  solution  of  dther  the  cydopropane  add  or  its  ester  with 
hydrogen  diloride.  This  is  the  first  case  that  we  have  met  in  which  a 
cydopropane  derivative  combines  with  a  halogen  add  in  alcoholic  solu- 
tion. 

Calc.  for  Ci»HifOiCl:  C,  69.0;  H,  5.8.    Pound:  C,  68.6;  H,  6.1. 

The  ester  crystallizes  from  alcohol  in  hexagonal  plates  which  mdt  at 
68-69°.  Its  most  characteristic  property  is  the  ease  with  which  it  loses 
hydrogen  chloride  to  potassium  acetate  and  forms  a  cydopropane  deriv- 
ative. Although  it  is  a  /3-chloro  ester,  not  a  trace  of  ethylenic  compound 
is  formed  in  the  process. 

Reduction. — ^A  solution  of  the  cydopropane  ester  in  acetic  add  was 
boiled  with  excess  of  zinc  dust  for  half  an  hotu*.  On  cooling  it  deposited 
a  flocculent  ester  which  mdted  at  59-61  °.  For  the  purpose  of  identifica- 
tion this  was  hydrolyzed  to  the  corresponding  add.  It  gave  an  add 
mdting  at  152-154°  which  was  identified  as  j8-phenyl-7-benzoyl-propionic 
add  by  comparison  with  a  specimen  of  this  add  prepared  in  another  way.^ 

Reaction  with  Add  Chlorides. — Both  the  cydopropane  add  and  its 
ethyl  ester  were  treated  with  thionyl  chloride  and  with  phosphorus  penta- 
chloride.  The  ester  was  not  attacked  by  dther  reagent.  The  add  was 
» Ann.,  46, 235  (1843). 
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transformed  into  the  add  chloride  but  aside  from  a  trace  of  yellow  color 
there  was  no  evidence  that  the  ring  was  affected.  Thus  a  solution  of  the 
add  in  carbon  tetrachloride  was  boiled  with  excess  of  phosphorus  penta- 
chloride  tmtil  evolution  of  hydrogen  chloride  ceased.  The  pentachloride 
was  then  filtered  off  and  the  solvent  evaporated  under  diminished  pres- 
sure. It  left  a  pale  yellow  oil.  This,  when  dissolved  in  alcohol  gave 
almost  the  calodated  quantity  of  the  ethyl  ester.  An  attempt  to  use 
the  add  chloride  in  a  Friedd  and  Crafts  reaction  proved  imsuccessful,  the 
sole  product  bdng  the  same  benzal-phenyl-crotonic  lactone  that  had  been 
previously  obtained  by  the  action  of  hydrogen  bromide. 
Experiments  with  a-Phenylcyclopropane  Diacid-2^,  CjisCH— chco,h. 

CHCO2H 
— ^The  add  and  its  ester  were  prepared  by  the  method  of  Buchner.  A 
solution  of  the  ester  in  absolute  alcohol  was  saturated  with  hydrogen 
chloride  and  allowed  to  stand  at  the  ordinary  temperattu'e  for  several 
day^.  The  ester  was  recovered  unchanged.  Solutions  of  the  add  in 
glacial  acetic  add  were  sattu'ated  with  hydrochloric  and  hydrobromic  add 
and  likewise  allowed  to  stand  for  several  days,  but  here  also  the  original 
substance  was  recovered.  It  is  evident,  therefore,  that  the  diadd  is  not 
affected  by  hydrochloric  or  hydrobromic  adds,  under  conditions  under 
which  the  adds  produce  ring  deavage  in  the  corresponding  ketonic  add. 
Ethyl  4-Phenyl-pyrazol-carboxylate-3,     c«Hi  —  C  =  CH. — In  order  to 

>NH 


> 


CiH,0,C  —  C  =  N 
determine  whether  nitro-cydopropane  derivatives  could  be  obtained  from 
the  corresponding  pyrazolines,  a  mixture  of  diazo-acetic  ester  and  fi' 
nitro-styxene  in  molecular  proportions  was  gently  warmed  on  a  steam- 
bath.  The  reaction  which  started  soon  became  so  vigorous  that  it  had  to 
be  moderated  by  cooUng.  The  resulting  brown  oil  crystallized  spon- 
taneously in  thin  plates.  Recrystallization  from  alcohol  gave  colorless 
plates  mdting  at  164-165°. 

Calc.  for  CisHisOiNt:  C,  66.7;  H,  5.6.    Found:  C,  66.7;  H,  5.9. 

Its  composition  indicated  a  pyrazol  derivative.  The  esta:  was  there- 
fore hydrolyzed  and  the  resulting  add,  which  mdted  at  252-253**,  heated 
above  its  mdting  point  imtil  effervescence  ceased.  The  product,  after 
aystallization  from  alcohol,  appeared  in  leaflets  mdting  at  228° — the 
properties  of  4-phenyl-pyrazol.  The  reaction  between  nitro-styrene  and 
ethyl  diazo-acetate  is,  therefore,  represented  by  the  equation 

CfHiCH  -  QHNO,  -I-  N,CH,CO,CA   =  f         C«H»CH CHNOiT 

[,C,H,0,C  C«[N  — NH       J 
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C«H»C==CH 

I  I     +  HNOi. 

CtHiOsC  C-N— NH 

The  reaction  was  also  tried  in  ligroin  and  in  ether  at  the  lowest  tem- 
perature at  which  it  would  take  place.  In  each  oxides  of  nitrogen  appeared 
soon  after  the  reaction  started  and  the  only  product  was  the  pyrazol 
derivative. 

Summary. 

1.  Four  methods  were  tried  for  making  cyclopropane  derivatives  having 
one  ketonic  and  one  carboxyl  group  in  combination  with  the  ring:  decom- 
position of  a  ketonic  cyclopropane  diadd,  eliminating  hydrogen  bromide 
from  a  7-bromo-ketonic  acid,  removing  bromine  from  an  a,7-dibromo 
ketonic  add,  and  decomposing  a  pyrazoline-ketonic  ester.  All  these 
methods  gave  cyclic  compotmds,  but  only  the  last  could  be  used  for  pre- 
paring a  cydopropane  derivative. 

2.  Reagents  tiiat  combine  readily  with  a,/3-unsaturated  ketones  also 
combine  with  this  type  of  cydopropane  derivatives.  The  addition  prod- 
ucts are  open  chained  saturated  compounds. 

3.  Diazo-acetic  ester  readily  combines  with  nitro-styxene;  but  the  prod- 
uct loses  nitrous  add  so  easily  that  a  pyrazol  derivative  is  obtained  in- 
stead of  the  nitro-pyrazoline  which  is  first  formed. 

Cavbxxoos,  Mass. 


(Contribution  ntoM  ths  Chsmical  Laboeatort  of  Harvard  Univsrsity.] 

COLORED  CONDENSATION  PRODUCTS  FROM  KETONIC 
PYRAZOLINE  DERIVATIVES. 

Bt  B.  p.  Kom«8R  AND  L.  L.  Stsblb. 

Received  April  3,  1919. 

The  ketonic  pjn'azolines  described  in  the  previous  paper  give  highly 
colored,  fluorescent  solutions  in  alcohol  containing  a  trace  of  hydrochloric 
add.  We  have  isolated  several  of  the  products;  they  are  high  melting, 
sparingly  soluble  solids  resembling  the  most  brilliantly  colored  rhodamine 
dyes. 

The  pyrazoline  derivative  obtained  by  adding  diazo-acetic  ester  to 

benzal-acetophenone  gave  a  crimson  product  which  was  free  from  halogen. 

Its  composition  and  molecular  wdght  are  represented  by  the  formula 

CiiHa04N4.    It  is,  therefore,  formed  in  accordance  with  the  equation 

CflHtCH CHCOCA 

I  I 

2CAQ1C.C  -  N  —  NH  -  CtiH|gO«Nt  +  2HiO. 

When  the  substance  is  allowed  to  remain  in  contact  with  a  saturated 

sdution  of  hydrochloric  add  in  alcohol,  it  takes^up  one  molecule  of  the 

add  and  one  of  water.    The  result  is  a  yellow  compound  which  readily 
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loses  both  water  and  acid  and  reverts  to  the  red  product.  In  acetic  add 
the  red  compound  combines  with  2  molecules  of  water  and  forms  a  color- 
less compound  which  has  the  composition  of  the  pyrazoline  derivative 
but  twice  its  molecular  weight. 

Similar  products  were  obtained  from  all  pjn'azoline  derivatives  that 
had  the  grouping  I,  while  a  derivative  which  had  the  grouping  II  failed 
to  give  any  color  with  hydrogen  chloride. 

— CH  —  CO  —  — C(CO,C«H»)  —  CO- 

I  I 

— NH  — NH 

(I).  01). 

The  hydrogen  a  to  carbonyl  is,  therefore,  involved  in  the  formation  of 

the  compoimd.    This  gives  as  a  possible  formula 

C«H,CH C  =  C  —  CeH, 

I  /  \ 

Cai,0,CC  =  N— N  N  — N-C  — CQiCiH^ 

\         /  I 

C,H»  —  C  =  C CHCJBi 

Experimental'  Part. 

When  gaseous  hydrogen  chloride  is  passed  into  a  concentrated  solution 
of  ethyl  4-phenyl-5-benzoyl-pyrazoline  carboxylate-3  in  alcohol,  the  solu- 
tion turns  red  immediately  but  begins  to  fade  again  without  depositing 
any  solid  material.  If  the  solution  is  kept  in  ice-water  while  the  gas  is 
introduced,  a  crimson  precipitate  forms  in  small  amotmt.  When  this  is 
left  in  contact  with  the  add  solution  it  redissolves  and  the  color  of  the 
solution  gradually  fades.  The  red  compound  is  evidently  an  intermediate 
product  which  has  to  be  caught  in  passing. 

The  method  of  preparation  finally  adopted  was  as  follows:  hydrogen 
chloride  was  passed  into  150  cc.  of  boiling  methyl  alcohol  in  which  20  g. 
of  the  ketonic  pyrazoline  was  suspended  as  a  fine  powder.  As  soon  as  all 
of  the  pyrazoline  had  disappeared  the  predpitated  crimson  solid  was 
filtered  ofif  and  washed  with  alcohol.  As  no  suitable  solvent  was  found 
from  which  the  substance  could  be  recrystallized,  it  was  purified  by  pro- 
longed boiling  with  carbon  disulfide.  It  was  changed  in  the  process  from 
an  impalpable  powder  to  a  mass  of  short,  stout  needles.  After  washing 
with  ether  these  mdted  at  266-268 *'. 

Calc.  for  CMH1SO4N4:  C,  75.0;  H,  5.3.    Found:  C,  75.0;  H»  5.2. 

We  failed  to  find  any  solvent  in  which  the  substance  is  suffidently 
soluble  for  an  accurate  molecular-wdght  determination.  Hot  nitroben- 
zene dissolves  about  one  g.  of  it  per  100  g.  of  solvent  and  if  this  solution 
is  allowed  to  cool  without  distiu"bance  it  generally  retains  the  solute  for 
several  hours.  The  molecular  wdght  found  by  freezing  a  somewhat  more 
dilute  solution  than  this  was  525  instead  of  608  calculated  for  the  formula 
given. 
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The  substance  is  so  little  soluble  in  alcohol  and  ether  ihat  it  barely 
imparts  a  red  tinge  to  the  solutions.  It  is  slightly  soluble  in  benzene  and 
carbon  disulfide.  The  solutions  are  fluorescent;  their  color  is  a  brilliant 
crimson-orange  by  reflected  light,  a  rich  piu^jle  by  transmitted  light. 
A  specimen  exposed  to  stmlight  for  3  monUis,  in  a  sealed  tube,  did  not 
change  either  in  color  or  melting  point,  but  the  dilute  solutions  in  benzene 
acetone,  and  carbon  disulfide  soon  faded  to  yellow  in  the  light.  The  red 
compound  is  remarkably  stable  at  high  temperattu-es.  In  a  vacuum  it 
sablimes  freely  at  about  400^. 

Action  of  Hydrochloric  Acid. — Hydrochloric  add  was  passed  into  a 
suspension  of  the  red  condensation  product  in  alcohol.  The  red  solid 
disappeared  rapidly,  the  solution  becoming  at  first  greenish  yellow  and 
finally  yeUow.  The  alcohol,  on  evaporation,  left  a  green  powder  which, 
after  recrystaUization  from  the  same  solvent,  was  obtained  in  yellow  plates 
that  melted  to  a  red  liquid  at  258-259°. 

Calc  for  CMHtiOiN^Cl:  C,  68.8;  H,  5.2;  CI,  54.    Pound:  C,  68.9;  H,  4.8;  d, 
5.9. 

These  results  indicate  that  the  yellow  compound  is  formed  by  the  addi- 
tion of  one  molecule  of  water  and  one  of  hydrogen  chloride  to  the  con- 
densation product.  The  substance  gradually  turns  red  both  when  heated 
by  itself  and  when  boiled  with  glacial  acetic  add. 

Action  of  Acetic  Acid. — On  protracted  boiling  with  glacial  acetic  add 
the  red  compound  slowly  dissolved  and  the  solution  finally  became  color- 
less. It  was  poiu-ed  into  water  which  predpitated  a  colorless  product. 
By  recrystaUization  from  alcohol,  this  was  obtained  in  small,  colorless 
needles,  which  turned  brown  at  about  170**,  and  mdted  to  a  dear  brown 
liquid  at  181  ^.  The  composition  indicates  that  this  compound  is  formed 
by  the  addition  of  2  molecules  of  water  to  the  red  product. 

Calc.  for  CtsHisOiNi:  C,  70.8;  H,  5.6.    Pound:  C,  70.8;  H,  5.3. 

Condensation  Product  from  Ethyl  4-Phenyl-5(4-bromobenzoyl)-pyr- 
azoline  Carboxylate-3. — ^The  condensation  was  carried  out  as  with  the 
bromine-free  compound  and  the  product  purified  in  the  same  way.  The 
brilliant  purple-red  needles  mdted  at  268-270°. 

Calc.  for  CMHu04N4Br:  C,  59.6;  H,  3.9.    Pound:  C,  60.1;  H,  3.9. 

Efliyl  4-Phenyl-5-benzalaceto-pyrazoline  Carbozylate-31 

CiHK:h CH  —  CO  —  CHtCHCeH..— A  mixtiu-e  of   10  g.  of  diben- 

I  I 

CaOiCC-N  — NH 

zal-acetone  and  9.8  g.  of  ethyl  diazo-acetate  was  heated  in  ligroin  at  50- 

70®  for  several  hours,  then  allowed  to  remain  at  the  ordinary  temperature 

for  several  days,  during  which  the  pyrazoline  derivative  separated  in  light 

yellow  plates.    It  was  purified  by  recrystaUization  from  alcohol  in  which 
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it  is  only  sparingly  soluble.  Its  melting  point  was  164.5-165**.  The 
yield  was  small. 

Calc  for  CuHmOiNi:  C,  724;  H,  5.8.    Pound:  C,  72.1;  H,  5.9. 
When  hydrogen  chloride  was  passed  into  an  alcoholic  solution  of  the 
pyrazoline  derivative  it  soon  produced  a  deq)  blood-red  color,  but  no 
piwe  product  could  be  isolated.    The  dilute  solutions  were  red  by  trans- 
mitted and  green  by  reflected  light.  * 
Efliyl  4-Phenyl-5-^aceto-pyrazoline  Carbozylate-a, 

CfH»CH CHCOCHi. — ^A  mixture  of  7  g.  of  benzal-acetone  and  5.7 

COIfOiC  — C  -N  — NH 

g.  of  ethyl  diazo-acetate  was  heated  at  75-80®  for  two  hours,  during  whidi 
2.5  g.  of  solid  product  separated.  This  was  washed  with  ether  in  which 
it  was  almost  insoluble  and  recrystallized  from  alcohol.  It  separated  in 
white  needles  melting  at  127®. 

Calc  for  CifHitOiNt:  C,  64.6;  H,  6.2.    Pound:  C,  64.8;  H,  64. 

A  trace  of  hydrochloric  add  in  an  alcoholic  solution  of  the  pyrazoline 
derivative  produced  an  intense  yellow  color.  More  hydrochloric  add 
changed  the  color  to  orange  and  predpitated  a  small  quantity  of  orange 
colored  oystals.  Dilute  solutions  of  the  condensation  product  were  yd- 
low  by  transmitted,  and  green  by  reflected  light. 

Ethyl  4-Phenyl-5-acetyl-pyrazoline  Dicarbozylate-3i5y 

CeHiCH C(COCHt)CQiCiHi.— The  pyrazoline  derivative  was  pre- 

CiHiOjC  — C  -N  — NH 

pared  according  to  directions  given  by  Buchner^  but  for  some  reason  we 

obtained  a  product  mdting  at  105-106®  instead  of  76®  as  given  by  Buch- 

ner.    Our  product  was  sparingly  soluble  in  alcohol  and  oystallized  in  fine 

needles. 

Cak.  for  CiTHs^OkNi:  C,  614;  H,  6.1.    Pound:  C,  61.2;  H,  6.0. 

The  substance  is  evidently  a  stereoisomer  of  the  pyrazoline  derivative 
obtained  by  Budmer,  because  when  it  was  heated  to  270-290®  it  lost 
nitrogen  and  gave  the  same  pyrone  ester  which  Budmer  had  obtained  by 
heating  the  product  mdting  at  76®. 

Hydrogen  chloride  was  passed  in  the  usual  way  into  an  alcohoUc  solu- 
tion of  the  pjrrazoline  derivative  but  failed  to  produce  any  color,  and  only 
unchanged  substance  separated  when  the  solution  was  allowed  to  cool. 

Cambudos,  Mass. 

*  P^',  3$f  785  (1902). 
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[CoMTKiBtmoN  ntOM  THS  Hasiuman  Rbssarcb   Laboratory,   ths  Roossvblt 

HOSPITAI^   IN   C0CP8RATION  WITH  THS  SBCTION   OF  PoOD   AND  NUTRITION, 

MsDiCAL  Dbpartmsnt,  U.  S.  Armt.] 

THE  SUPPOSED  OCCURRENCE  OF  METHYLGUANIDINE  IN 

MEAT,  WITH  OBSERVATIONS  ON  THE  OXIDATION 

OF  CREATINE  BY  MERCURIC  ACETATE. 

Bt  Isidor  Grsbnwau). 

Received  March  18,  1919. 

The  experiments  to  be  reported  grew  out  of  an  attempt  to  investigate 
the  nature  of  the  toxic  agent  in  **meat  poisoning."  Methylguanidine  is 
one  of  the  most  toxic  substances  claimed  to  have  been  obtained  from  meat, 
or  extract  of  beef,  and  it  seemed  possible  that  this  compound  might  be  a 
factor  in  such  poisoning.  The  investigation  is  not  complete,  but  suffi- 
cient evidence  has  been  accumulated  to  indicate  that  methylguanidine 
is  not  present  in  meat,  save,  possibly,  that  which  has  imdergone  very  ex- 
tensive decompositicm.  The  work  is  presented  in  its  present  form  be- 
cause it  confirms  the  recently  published  work  of  others,^  and  because  its 
resumption  in  the  near  future  is  not  likely. 

Methylguanidine  was  first  obtained  from  physiological  material  by 
Brieger,'  who  used  horse  meat  that  had  been  allowed  to  decompose  for 
4  months,  and  by  his  pupil  Hoffa,'  and  from  the  flesh  of  rabbits  infected 
with  "rabbit  septicemia."  They  claimed  that  by  their  method  they 
were  unable  to  find  any  methylguanidine  in  fresh  or  normal  meat.  Their 
procedure  was  quite  complicated  and  apparently  was  not  used  by  other 
investigators.  All  other  reports  on  the  presence  of  methylguanidine  in 
meat  or  in  extract  of  beef  are  based  on  the  use  of  either  or  both  of  the 
following  methods  of  precipitation:  (a)  silver  nitrate  and  barium  hydroxide, 
(6)  mercuric  chloride  and  sodium  acetate. 

In  1916,  Ewins^  showed  that  creatine  was  oxidized  to  methylguanidine 
by  means  of  silver  oxide,  and,  that,  consequently,  all  reports  as  to  the 
presence  of  the  latter  which  were  based  upon  precipitation  with  silver 
nitrate  and  barium  hydroxide  were  of  little  value.  However,  Ewins  re- 
garded precipitation  with  mercuric  acetate  as  free  from  the  danger  of 
oxidation. 

In  the  description  of  the  method  for  the  isolation  of  methylguanidine 
by  means  of  precipitation  with  mercuric  chloride  and  sodium  acetate, 
there  is  mentioned  a  heavy  white  precipitate  which  is  insoluble  in  hot,  dil. 
hydrochloric  add.    It  seined  to  the  author  that  this  could  only  be  mer- 

t  Baumami  and  Ingvaldsen,  /.  Bid,  Chem,,  35,  277  (1918)* 

*  Brieger,  Uniersuchungen  uber  Ptomaine,  III,  1888,  p.  33. 

*  HofiFa,  SiiMunisb,  physikal.  mMmn.  Ges.  WHnburg,  1889,  p.  96;  Jahresb.  Tierchem,^ 
I9»  472- 

*  9^risi8,  Biochem.  J,,  xo^  103  (1916), 
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cuTous  chloride,  and  that  it  was  probably  fonned  as  a  result  of  the  oxida- 
tion of  creatine. 

Experiment  proved  that  this  was  the  case.  Both  methylguanidine 
and  oxalic  add  were  isolated  and  identified  as  products  of  oxidation.  The 
existence  of  an  intermediate  substance  was  suspected,  but  attempts  at 
its  isolation  were  not  immediately  successful.  About  20%  of  the  nitrogen 
of  the  creatine  was  obtained  as  ammonia  (or  other  amine  that  could  be 
completely  distilled  in  a  current  of  air  at  ordinary  room  temperature), 
indicating  either  that  some  methylguanidine  was  further  oxidized,  or 
that  there  was  some  other  reaction  in  progress. 

The  work  had  reached  this  stage  when  the  author  was  informed  in  a 
personal  communication  that  Baimiann  and  Ingvaldsen  had  also  observed 
the  oxidation  of  creatine  by  means  of  mercuric  acetate  and  had  isolated 
the  substance  intermediate  between  creatine  and  methylguanidine  and 
oxalic  add.  That  work  has  since  been  published.*  Batmiann  and  Ing- 
valdsen called  their  new  substance  methylguanido-glyoxylic  add. 

CHsNHCC  :  NH)NHCOCOOH. 
Its  constitution  was  established  by  (i)  derivation  from  creatine,   (2) 
nitrogen  content,  and  (3)  hydrolysis  in  a  solution  of  sodium  acetate, 
predpitation  with  caldtmi  chloride,  filtration  and  ignition.    The  calcu- 
lated quantity  of  caldum  oxide  was  obtained. 

The  substance  is  unstable,  decomposing  readily  upon  evaporation  of 
its  solutions  at  ordinary  pressures.  Using  diminished  pressure,  the  sub- 
stance was  readily  obtained  and  was  found  to  have  the  properties  de- 
scribed by  Baumann  and  Ingvaldsen. 

An  attempt  was  made  by  the  author  to  determine  more  completely  its 
constitution.  The  substance  which  forms  the  insoluble  caldum  com- 
pound after  hydrolysis  was  identified  as  oxalic  add  by  wdghing  the  air- 
dried  predpitate,  then  igniting  and  wdghing  again.  The  wdghts  ob- 
served were  those  calculated  from  CaC204.H20  and  for  CaO. 

Tabls  I. 

Analysis  of  a-Methylguanido-glyoxylic  Add. 

CaCs04.Hs0.  CaO. 

Substance  /■  ' »  /■  '  ■  > 

Prepara-  taken.  Pound.  Calculated.  Pound.  Calculated, 

tion  No.  G.  G.  G.  G.  G. 

1 0.0906  0.0935  0.0915  0.0352  0.0350 

O.1916  0.1930  0.1988  0.0745  0.0741 

II 0.1804  0.1840  O.1814  0.0710  0.0698 

0.1866  0.1885  0.1875  0.0734  0.0721 

III 0.1770  O.181O  0.1782  0.0690  0.0684 

0.1608  0.1660  O.1619  0.0634  0.0621 

rv 0.2231    0.2252    0.2246    0.0867    0.0862 

0.2392  0.2412  0.2409  Lost 

1  Batimann  and  Ingvaldsen,  /.  Biol.  Chem.,  35,  277  (1918). 
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It  vras  also  attempted  to  isolate  methylguanidine  from  the  products  of 
hydrolysis  of  the  substance.  0.33  g.  was  dissolved  in  water  and  evap- 
cxrated  to  dryness  after  adding  3  cc.  cone,  hydrochloric  add.  The  residue 
was  dissolved  in  water  and  treated  with  an  excess  of  sodium  picrate. 
There  was  obtained  0.243  g.  of  a  substance  having  the  characteristic 
crystal  form  of  methylguanidine  picrate  and  melting  at  195**  (uncorr.). 
The  small  yield  is  noteworthy.  The  theoretical  yield  is  0.665  g*  I^  is 
probable  that  some  other  form  of  decomposition  occurs.  This  may  partly 
explain  the  failure  to  secure  more  than  50%  of  methylguanidine  from 
creatine. 

A  typical  protocol  is  presented.  The  mcthylguanido-glyoxylic  acid 
was  identified  by  melting  point,  nitrogen  content  and  by  hydrolysis  and 
precipitation  with  calcium  chloride,  weighing  as  CaC204.HiO  and  as  CaO. 
Metl^lguanidine  was  weighed  as  the  picrate,  which  was  identified  by 
crystal  form,  melting  point  and  yield  of  picric  add  and  of  methylguanidine 
hydrochloride.  For  this  purpose  a  wdghed  quantity  of  the  picrate  was 
dissolved  in  hot  water,  transferred  to  a  continuous  extraction  apparatus, 
treated  with  hydrochloric  add  and  then  extracted  with  benzene,  using  a 
wdghed  flask.  After  complete  extraction,  the  benzene  was  distilled  off, 
the  flask  dried  at  105^,  cooled  and  wdghed.  The  add  solution  was  also 
evaporated,  at  first  in  a  beaker,  then  in  a  small  glass  evaporating  dish, 
dried  at  105^  and  wdghed.  The  calculated  quantities  of  picric  add  and 
methylguanidine  hydrodiloride  were  obtained. 

13. 1  g.  creatine  (4.2  g.  nitrogen)  was  dissolved  in  800  cc.  water,  and 
225  g.  mercuric  acetate  added.  The  mixture  was  allowed  to  stand  at 
room  temperattu-e  for  8  days  and  was  then  filtered.  Ten  cc.  of  this  fil- 
trate was  used  for  a  determination  of  creatine,  and  fotmd  to  contain  less 
than  o.  I  mg.  of  this  substance.  The  predpitate  was  then  washed  with 
cold  imier.  The  predpitate  is  known  as  Fraction  I;  the  filtrate  as  Frac- 
tion II. 

Flraction  I. — The  predpitate  was  suspended  in  water  and  decomposed 
with  hydrogen  sulfide.  The  mercuric  sulfide  was  filtered  out  and  the 
filtrate  set  aside.  The  predpitate  was  then  washed  with  hot  water  and 
the  washings  allowed  to  cool,  whereupon  white  crystals  separated.  These 
were  kept,  and  the  mother  liquid  and  the  filtrate  previously  obtained 
evaporated  at  about  15  mm.  pressure  to  a  small  volume.  The  distillate 
was  collected  and  tested  for  nitrogen.  None  was  foimd.  The  liquid  in 
the  di.<rtilling  flask  yidded  a  second  crop  of  crystals  which  was  added  to 
the  first  After  filtering,  washing  with  cold  water  and  dr3ring  at 
115**,  they  weighed  5.133  g.  They  were  identified  as  a-methylguanido- 
glyoxyUc  add,  as  described  previously.  The  filtrate  was  evaporated  and 
yidded  i  .058  g.  of  a  substance  containing  16.2%  of  nitrogen  and  mdting 
at  135**.    After  recrystallizing  from  hot  water,  the  mdting  point  was 
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202°.    The  substance  which  melted  at  135*  was  probably  a  mixture  of 
methylguanido-glyoxylic  add  (m.  p.  203°)  and  oxalic  add. 

The  filtrate  from  these  crystals  contained  0.900  g.  of  nitrogen.  Upon 
treatment  with  picric  add,  methylguanidine  picrate  was  obtained.  The 
amount,  however,  accounted  for  only  0.495  g-  of  nitrogen. 

Fraction  n. — This  was  treated  with  hydrogen  sulfide  and  mercuric  sul- 
fide filtered  out  and  washed  with  hot  water.  No  crystals  were  obtained 
on  cooling  or  after  evaporation  in  vacuo.  The  distHlate  was  nitrogen 
free.  The  liquid  in  the  distilling  flask  contained  i .  68  g.  nitrogen,  of  which 
1.32  g.  was  accotmted  for  as  methylguanidine  upon  treatment  with 
picric  add. 

Tabls  n. 

DistributiQii  of  Nitrogen  after  Oxidation  of  13.  i  g.  Creatine  (4.20  g.  Nitrogen)  with 

Mercuric  Acetate. 

Fraction  I.     Fraction  II. 
G.  G. 

Methylguanido-glyoxylic  add i  .490 

Crystals  melting  at  135  ^  (impure  methylguanido-glyoxylic  add) .  o .  1 70 

Methylguanidine 0.495        1.320 

Nature  unknown 0.405        0.360 

Total 4.24  g.        • 

It  is  dear  that  predpitation  with  merctuic  salts  is  not  stdted  to  the 
isolation  of  methylguanidine,  not  only  because  these  oxidize  creatine 
but  also  because  they  do  not  completdy  predpitate  methylguanidine, 
as  is  evident  from  the  preceding  protocol.  Nor  is  the  matter  hdped  by 
making  the  mixture  alkaline.  In  one  experiment,  0.934  g.  of  methyl- 
guanidine hydrodiloride  (equivalent  to  2 .  58  g.  of  the  picrate)  was  dissolved 
in  water  and  treated  with  mercuric  diloride  and  sodium  hydroxide,  keep- 
ing the  mixture  just  alkaline  to  litmus.  The  predpitate  was  filtered 
out  and  dissolved  in  hydrpchloric  add,  the  mercury  removed  with  hy- 
drogen sulfide,  and  the  filtrate  from  the  mercuric  sulfide  evaporated. 
Upon  treatment  with  sodium  picrate,  only  i .  loi  g.,  or  less  than  half  of 
the  calculated  quantity  of  methylguanidine  picrate,  was  obtained.  It  is 
evident  that  the  method  offers  no  possibilities,  even  if  creatine  could  be 
quantitativdy  removed  before  treatment  with  mercuric  salts. 

Many  other  procedures  were  tried,  but  none  was  satisfactory.  The 
best  results  were  obtained  with  a  technique  which  is  based  upon  the  same 
prindples  as  is  Brieger's,  but  differs  in  certain  details. 

The  hashed  meat  was  suspended  in  about  twice  its  wdght  of  water, 
and  was  heated  to  boiling  and  filtered  through  muslin.  The  filtrate  was 
set  aside  and  the  residue  was  again  extracted.  This  process  was  repeated. 
The  extracts  were  separatdy  predpitated  with  basic  lead  acetate  solu- 
tion. The  next  day  the  predpitate  in  the  first  extract  was  removed  by 
centrifugation,  and  was  suspended  in  the  second  extract.  This  was  re- 
peated the  next  day  for  the  third  extract,  serving  to  economize  in  wash 
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water  and  in  the  time  required  to  evaporate  it.  The  liquid  was  then 
evaporated  at  about  lo  mm.  pressure  to  a  volxune  of  about  loo  cc.  per  kg. 
of  meat,  and  was  then  poured  into  about  two  volxunes  of  alcohol.  The 
next  day  the  precipitate  was  filtered  out,  washed  with  alcohol,  and  the 
filtrate  was  treated  with  hydrogen  stilfide.  The  lead  sulfide  was  removed, 
washed  with  alcohol,  and  the  filtrate  treated  with  2  or  3  cc.  of  a  saturated 
alcohoUc  solution  of  zinc  chloride  to  remove  creatinine.  After  2  or  3 
days  in  the  ice-chest,  the  precipitate  was  filtered  out,  and  the  filtrate 
was  treated  with  an  alcoholic  solution  of  mercuric  chloride  until  predpi* 
tation  was  complete.  After  standing  overnight,  this  precipitate  was 
filtered  out,  and  the  filtrate  treated  with  hydrogen  sulfide.  The  filtrate 
from  the  mercuric  sulfide  was  evaporated  to  small  volume  and  precipi- 
tated with  alcohol.  The  insoluble  portion  was  rejected,  the  filtrate  and 
washings  were  again  evaporated  and  precipitated  with  absolute  alcohol. 
This  was  repeated  until  the  residue  was  practically  entirely  soluble  in 
absolute  alcohol.  Water  was  then  added,  the  alcohol  boiled  away,  and 
the  bases  remaining  precipitated  with  hydrochloric  and  phosphotungstic 
adds.  The  next  day  this  predpitate  was  washed  with  a  dilute  solution 
of  hydrochloric  and  phosphotungstic  adds,  and  then  decomposed  with 
barium  hydroxide  in  the  cold.  The  fiiltrate  from  the  barium  phospho- 
tungstate  was  addified  with  hydrochloric  add  and  evaporated  to  small 
volume.  Four  or  five  volumes  of  95%  alcohol  were  then  added  and  the 
mixture  allowed  to  stand  overnight.  The  predpitate  was  filtered  out, 
washed  with  alcohol,  the  filtrate  evaporated  and  the  treatment  with  alco- 
hol repeated  until  all  was  soluble  in  absolute  alcohol.  Water  was  added, 
the  alcohol  boiled  away,  and  sodium  picrate  added.  After  standing  on 
ice  overnight,  the  predpitate  was  filtered  out,  dissolved  in  hot  water, 
filtered  and  allowed  to  crystallize. 

If  any  ccmsiderable  amount  of  the  predpitate  was  obtained  it  was  fil- 
tered out,  dried  and  wdghed.  Some  was  taken  for  a  melting-point  de- 
termination. The  remainder  was  dissolved  in  hot  water,  decomposed 
with  hydrochloric  add  and  extracted  with  benzene,  in  a  continuous  extrac- 
tion apparatus.  The  benzene  was  evaporated  and  the  picric  add  weighed. 
The  add  liquid  was  also  evaporated  in  a  weighed  dish  and  the  residue  of 
methylguanidine  hydrochloride(?)  wdghed. 

In  all,  3  lots  ot  beef  that  had  been  standing  at  room  temperature  for  3 
or  4  days  were  used.  With  two  of  these,  very  good  results  were  obtained. 
In  each  case,  two  samples  were  taken.  To  one  was  added  a  weighed  quan- 
tity of  methylguanidine  hydrodiloride  (obtained  from  a  wdghed  quantity 
of  the  picrate) ;  the  other  was  used  as  a  control.  In  both  cases  the  latter 
yidded  a  n^ligible  amount  of  picrate,  while  the  added^methylguanidine 
was  recovered,  quantitativdy,  as  the  picrate  and  identified  as  already 
described.    Protocols  follow: 
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Bzpt.  V.    June  24,  1400  g.  of  beef  used.    0.005  g.  picrate  obtained. 

Expt.  VI.  June  25,  1400  g.  of  the  same  beef  used.  Added  0.808  g.  methyl- 
guanidine  hydrochloride  (equivalent  to  2.23  g.  of  the  picrate).  Obtained  1.65  g.  of 
picrate  which  melted  at  about  195^  and  which  sdelded  1.24  g.  of  picric  add  and  0.621 
g.  of  hydrochloride.  (Calculated  for  methylguanidine  picrate  1.25  and  0.600  g.,  respec- 
tively.) 

Bzpt.  Vn.  July  12,  1400  g.  of  another  sample  of  meat  used.  0.015  g.  of  dark 
picrate  obtained. 

|N*  Bzpt.  X.  July  19,  1400  g.  of  the  same  sample  of  meat  as  tised  in  Bzpt  VII. 
Added  0.475  g.  methylguanidine  hydrochloride  (equivalent  to  1.33  g.  of  the  picrate). 
Obtained  1.35  g.  of  picrate  which  melted  at  about  195®  and  which  3delded  1.06  g.  of 
picric  acid  and  0.517  g.  of  hydrochloride.  (Calculated  for  methylguanidine  picrate 
Z.02  and  0490  g.,  respectively.) 

The  latter  experiments  were  much  less  satisfactory.  A  considerable 
amount  of  insoluble  picrate  was  obtained,  but  analysis  showed  that  this 
was  not  methylguanidine  picrate  but  some  other  substance.  The  protocols 
follow: 

Bzpt.  XI.  July  24,  1400  g.  meat  used.  Obtained  0.6445  g.  picrate  decomposing 
at  about  190^.  This  srielded  04244  g.  picric  acid  and  0.2755  g.  of  hydrochloride. 
(Calculated  for  methylguanidine  picrate  0.488  g.  and  0.233  g.,  respectively.)  The 
hydrochloride  was  dissolved  in  water,  and  aUquots  taken  for  nitrogen  determinations. 
The  total  was  0.0642  g.  If  the  original  substance  had  been  methylguanidine  picrate 
0.0895  g.  was  to  be  ezpected.  The  remainder  of  the  solution  was  treated  with  sodium 
picrate.  A  picrate  melting  at  205^  was  obtained.  Since  this  is  considerably  higher 
than  the  melting  point  (198^)  of  the  purest  methylguanidine  picrate  which  had  been 
obtained,  it  is  obvious  that  the  two  are  not  identical. 

Bzpt.  XII.  July  25,  1400  g.  of  the  same  meat  used,  with  the  addition  of  one  g. 
creatine.    Obtained  0.6545  g.  picrate,  decomposing  at  about  190^.    Analysis  lost. 

Bzpt.  XIII.  July  27,  750  g.  of  the  same  meat  used.  Added  0.095  g.  methyl- 
guanidine hydrochloride  (equivalent  to  0.266  g.  of  the  picrate).  Obtained  0.9066  g. 
of  the  picrate  decomposing  at  205^  and  yielding  0.6553  g.  picric  acid  and  0.3372  g. 
hydrochloride.  (Calculated  for  methylguanidine  picrate  0.687  aud  0.337  g.,  respec- 
tively.) The  hydrochloride  was  treated  as  in  Bxpt.  XI.  Calculated  0.126  g.  nitrogen. 
Potmd  0.078  g.  The  remainder  of  the  solution  was  treated  with  sodium  picrate.  A 
picrate  melting  at  210^  was  obtained. 

It  is  probable  that  the  poor  results  of  these  last  experiments  were 
due  to  faulty  technique.  However,  it  is  believed  that  sufficient  evi- 
dence has  been  presented  to  demonstrate  that  methylguanidine  is  not 
present  in  meat  that  is  in  a  fair  state  of  preservation.  Whether  or  not 
it  is  present  in  badly  decomposed  meat  has  not  been  determined.  That 
may  depend  upon  the  nature  of  the  organisms  responsible  for  the  decompo- 
sition. |^Falk,  Baumann  and  McGuire^  have  foimd  that  the  creatine  of 
meat  is  resistant  to  the  action  of  the  bacilli  of  the  paratyphoid  group, 
which  is  the  type  commonly  foimd  in  "meat  poisoning.'**'*    In  any  event, 

*  Falk,  Baumann  and  McGuire,  /.  Biol,  Chetn.,  37,  525  (191 9). 

*  Jordan,  Food  Poisoning,  Univ.  Chicago  Press,  1917. 

*Hfibener,  Pleisckoergiftungen  und  ParalyphusinfekUonen,  G.  Fischer,  Jena, 
19x0. 
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methylguanidine  can  scarcely  be  regarded  as  pla3dng  an  important  part 
in  the  mechanism  of  "meat  poisoning"  for  such  poisoning  is  due  to  meat 
that  is  not  badly  decomposed.  The  nature  of  the  toxic  agent  will  be  con- 
adered  in  another  paper. 

N«w  York,  N.  Y. 


[CoNTUBunoN  ntOM  THB  EssBNTiAi,  Onjs  Laboratory,  Drug  Division,  Bureau  of 

Chkmistry.] 

THE  CONSTITUTION  OF  CAPSAICIN,  THE  PUNGENT  PRIN- 
CIPLE OF  CAPSICUM. 

By  E.  K.  N«tsoN. 

Received  April  II,  1919. 

The  pungent  principle  of  Capsicum  was  first  isolated  by  Thresh,^  who 
assigned  to  it  the  name  capsaicin.  Thresh,  however,  did  not  throw  any 
light  on  the  constitution  of  the  substance  and  overlooked  the  presence  of 
nitrogen,  giving  the  formula  CoHmOj. 

Micko'  improved  the  method  of  extracting  capsaicin  and  obtained  it  as 
a  crystalline  substance  of  extreme  pungency,  melting  at  63.5®  and  pos- 
sessing the  properties  of  a  phenol.  On  the  basis  of  analyses  and  molecular- 
weight  determinations,  he  ascribed  to  it  the  formula  CisHjgNOa.  This 
is  an  impossible  formula.  His  analyses  agree  well  with  the  formula 
CisHstNOs.  Micko  found  one  hydroxyl  and  one  methoxyl  group.  He 
prepared  a  benzoyl  derivative,  melting  at  74®,  which  was  not  pungent. 
On  treating  an  alcoholic  solution  of  capsaicin  with  platinic  chloride  and 
hydrochloric  add  and  allowing  the  mixture  to  evaporate  spontaneously  he 
noted  a  vanilla-like  odor.  This  suggests  the  presence  of  a  vanillin  resi- 
due in  capsaicin. 

Micko  isolated  capsaicin  from  paprika  {Capsicum  annuum)  and  from 
cayenne  pepper  {Capsicum  fastigiaium).  From  one  kg.  of  cayenne  pepper 
he  extracted  5.5  g.  of  crude  capsaicin,  which  was  20  times  the  amount 
he  found  in  paprika. 

Nelson'  extracted  capsaicin  by  Micko's  method  and  obtained  2.13  g. 
of  the  pure  crystalline  substance,  melting  at  64.5**,  from  i  .5  kg.  of  African 
capsicum. 

Preparation  of  Capsaicin. 

In  order  to  prepare  material  for  this  investigation  Micko's  method  of 
extraction  was  used.  A  considerable  difference  was  observed  in  the 
amounts  of  capsaicin  recoverable  from  different  lots  of  cayenne  pepper 
obtained  cm  the  market.  In  one  case,  only  12  g.  of  crude  capsaicin  was  ob- 
tained from  40  pounds  of  the  pepper.    From  50  pounds  of  a  very  hot 

»  Pharm.  J.  and  Trans.,  [3]  7,  21,  259,  473  (1876-77);  8,  187  (1877-78). 

^Z.  Nahr.  Genussm.,  x,  818  (1898);  a,  411  (1899). 

*  /.  Ind.  Eng,  Chem,,  a,  419  (1910). 
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cayenne  pepper  77  g.  of  crude  capsaicin  was  obtained,  which,  <m  recxys- 
tallizing  3  times,  yielded  about  50  g.  of  the  pure  substance,  melting  at 
65**.  Capsaicin  is  pimfied  by  aystallizing  from  petroleum  ether  con- 
taining 10%  of  ethyl  ether.  An  alcoholic  solution  of  capsaidn  was  found 
to  be  optically  inactive. 

Optical  Crystallographic  Data.' — In  ordinary  light,  imder  the  micro- 
scope, capsaicin  shows  overlapping  plates  which  have,  in  part,  rectangular 
outlines,  but  which  break  up  readily  into  angular  irregular  fragments. 
The  crystal  system  is  probably  monocUnic.  Refractive  indices  [I?] 
(determined  by  the  immersion  method  in  potassium-mercuric  iodide 
solutions):  a  =  1.520,  fi  =  1.540,  7  =  1.580,  7  —  a  =  0.060,  all  =*= 
0.005.  a  and  fi  are  most  often  obtained,  but  7  is  not  difficult  to  find. 
In  parallel  polarized  light:  The  birefringence  is  strong,  moderately 
thin  plates  showing  lower  second  order  colors,  although  thin  ones  show 
first  order  grays.  Extinction  on  rectangular  plates  is  parallel  to  the 
edges,  but  on  those  tilted  up  seems  to  be  inclined,  reaching  20*.  There 
is  not  definite  elongation.  In  convergent  polarized  light:  Partial  biaxial 
figures  are  frequently  visible,  the  axial  angle  being  moderate  in  size, 
2E  =  about  50^     The  sign  is  positive  and  the  dispersion  rather  strong, 

with   2Er   <  2Er. 

£XP£RIM£NTAL. 
Methyl  Capsaicin. 

In  order  to  stabilize  capsaicin  so  that  it  would  yield  definite  products 
on  oxidation,  the  hydroxyl  was  methylated.  Capsaicin  (1.42  g.)  was 
dissolved  in  25  cc.  of  5%  sodium  hydroxide  solution,  3  cc.  of  dimethyl 
sulfate  added,  and  the  mixture  shaken  for  30  minutes.  10  cc.  of  5% 
sodium  hydroxide  solution  was  then  added  to  dissolve  unchanged  capsaicin 
and  the  methyl  compound  was  separated  by  filtration  and  recrystallized 
from  dil.  alcohol.  The  yield  was  1.46  g.,  or  98.3%.  Methyl  capsaicin 
is  only  moderately  pungent,  melting  at  77-78°.  Determination  of  meth- 
oxyl  groups  by  Zeisd's  method: 

Subs.,  0.2043,  0.2507:  Agl,  0.2978,  0.3625. 

Calc.  for  Ci7HtfNO(CHtO)t:  CHtO»  19.31*    Potrnd:  19.26,  19.1a 

Optical  Crystallographic  Data.— /n  ordinary  light,  methyl  capsaicin  is 
fotmd  to  consist  of  minute  needles  more  or  less  grouped  into  btmdles, 
and  curved  or  bent.  The  crystal  system  appears  to  be  monodinic.  Refrac- 
tive indices  [d]  (determined  by  the  immersion  method  in  potassium- 
mercuric  iodide  solutions):  a  =  1.55,  fi  =  1.58,  7  =  1.60,  y — a  « 
0.05,  all  ^  o.oi.  P  is  usually  obtained  lengthwise,  and  a  mean  of  a 
and  y  crosswise.  In  parallel  polarized  light:  The  birefringence  is  strcmg, 
high  first  order  colors,  white  to  yellow,  being  shown  even  by  rather  slender 

^  The  crystallographic  measurements  m  this  paper  were  made  by  Dr.  Edgar  T. 
Wherry,  of  the  Bureau  of  Chemistry. 
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needles.  The  extinction  is  strongly  inclined,  reaching  practically  45®. 
The  elongation  is  mostly  negative.  In  convergent  polarized  light:  The 
crystals  are  too  minute  to  yield  definite  figures,  but  the  dass  is  dearly 
biaxial. 

Oxidation  of  Methyl  Capsaicin. 

Methyl  capsaicin  (1.46  g.)  was  suspended  in  50  cc.  of  2  i\r  sodium 
carbonate  solution  and  to  the  mixture,  boiling  under  a  reflux  condenser, 
190  cc.  of  3%  potassium  permanganate  solution  was  slowly  added.  Am- 
monia was  evolved.  The  solution  was  filtered  from  manganese  dioxide, 
concentrated  and  addified,  when  a  difiScultly  soluble  add  separated, 
which  was  recrystallized  from  boiling  water.  The  yidd  was  0.4  g.  The 
mdting  point  of  the  dry  add  was  180-181°.  Admixture  with  veratric 
add  caused  no  depression  in  the  mdting  point.  On  titration  with  alkali 
0.333  g.  required  3.66  cc.  of  0.5  N  sodium  hydroxide  giving  182  as  the  neu- 
tralizing equivalent. 

Calc  for  CeHio04:  C,  59-31 ;  H,  5.48.    Pound:  C,  59.23;  H,  5.55. 

Veratric  add  is  therefore  a  product  of  the  oxidation  of  methyl  capsaicin, 
which  indicates  that  a  vaniUin  residue  is  present  in  capsaicin. 

In  addition  to  veratric  add,  volatile  adds  appear  to  be  formed,  but, 
as  the  amount  was  small,  they  were  not  investigated  at  this  time. 
Acid  Hydrolysis  of  Methyl  Capsaicin. 

As  capsaicin  and  methyl  capsaicin  appear  to  resist  the  action  of  adds 
and  alkalies  remarkably  well  at  ordinary  temperatures,  the  hydrolysis 
of  methyl  capsaicin  was  conducted  in  an  autodave. 

Methyl  capsaicin  (2.5  g.)  was  dissolved  in  125  cc.  of  50%  methyl  alco- 
hol and  5  cc.  cone,  hydrochloric  add  added.  The  solution  was  heated 
at  125°  for  3  hrs.  Alcohol  and  volatile  substances  were  then  removed 
by  steam  distillation  and  the  add  solution,  after  extraction  with  ether 
to  remove  a  small  amount  of  unchanged  methyl  capsaicin,  was  evaporated 
to  dryness,  leaving  a  crystalline  residue  amotmting  to  i .  35  g.  This  was 
recrystallized  from  hot  alcohol.     Analysis: 

Sobs.,  0.2016:  AgCl,  0.1419. 

Subs.,  0.1427:  COi,  0.2776;  HsO»  0.0914. 

Calc.  for  CfHitNOiHCl:  C,  5304;  H,  6.92;  N,  6.87;  Q,  17.43.    Found:  C,  5305; 
H,  7.14;  N.  6.82;  a,  17.39. 

This  substance  proved  to  be  identical  with  the  hydrochloride  of  veratryl 
amine  (3,4-dimethoxy-benzylamine  hydrochloride),  described  by  JuUus- 
berg,^  as  no  depression  in  mdting  point  was  observed  on  admixture  with 
the  hydrodiloride  of  veratryl  amine  prepared  by  reducing  methyl- vanilline 
oxime.  A  crystallographic  examination  also  shows  the  compotmd  to 
be  the  same. 
Optical  Crystallographic  Data.— /n  ordinary  light,  3,4-dimethoxybenzyl- 

» Ber.,  40, 120  (1907). 
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amine  hydrochloride  is  seen  to  be  well  crystallized  in  rods  and  narrow 
plates.  The  oystal  system  is  monodinic.  Refractive  indices  [i>] 
(determined  by  the  immersion  method  in  organic  liquids):  a  =  1.505, 
P  =  1.670,  7  =  1.700;  7 — a  =  0.195,  all  =fco.oo5.  Those  usually 
obtained  are  fi  and  intermediate  values  between  a  and  7.  In  parallel 
polarized  light:  The  birefringence  is  extreme,  the  colors  being  mostly 
of  the  fourth  order.  The  extinction  of  the  plates  may  be  straight,  but 
when  they  are  tilted  up  to  any  extent  is  strongly  inclined,  reaching  40^. 
The  elongation  is  either  positive  or  negative.  In  convergent  polarized  light: 
Partial  biaxial  figures  are  seen  on  practically  all  of  the  plates,  one  optic 
axis  being  nearly  perpendicular  to  them.  The  plane  of  the  optic  axes 
lies  perpendicular  to  the  stuiace  of  the  plates,  and  parallel  to  their  long 
sides.  The  acute  bisectrix  is,  however,  very  difficult  to  obtain,  as  it 
lies  at  an  angle  of  about  40^  from  the  perpendicular  to  the  plates.  The 
axial  angle  2E  is  about  60^  and  the  sign  negative.  Dispersion  is  rather 
weak,  with  2Er  <  2E,. 

From  the  distillate  containing  volatile  products  of  hydrol)ras,  ether 
extracted  a  pleasant-smelling  oil  which  proved  to  be  an  ester  formed  by 
the  action  of  methyl  alcohol  on  an  add  product  of  hydrolysis.  The  yidd 
of  this  ester  was  small,  on  accoimt  dther  of  loss  from  the  autodave,  which 
was  not  quite  tight,  or  of  chemical  dianges.  It  was  later  fotmd  that  the 
add  could  be  better  isolated  by  an  alkaline  hydrolysis. 
Acid  Hydrolysis  of  Capsaicin. 

The  conditions  tmder  which  the  add  hydrolysis  of  capsaicin  was  car- 
ried out  were  identical  with  those  described  for  methyl  capsaicin.  A 
crystalline  hydrochloride  was  obtained,  from  which  the  free  base  was 
separated  by  dissolving  in  water  and  adding  just  suffident  10%  sodium 
hydroxide  solution  to  neutralize  the  hydrochloric  add.  The  liberated 
base  separates  rapidly  in  needles,  which,  freed  from  water  of  crystalliza- 
tion, mdt  at  132-133*^.  On  admixture  with  3-hydroxy-4-methoxy- 
benzylamine  (vanillyl  amine),  the  S)mthesis  of  which  will  be  described 
later,  no  depression  in  mdting  point  occurs.  The  crystallographic  proper- 
ties of  the  hydrochloride  are  identical  with  those  of  vanillyl-amine  hydro- 
chloride. 

SjT^thesis  of  Vanillyl-amine. 

Vanillin  oxime  (7  parts  by  wdght)  is  dissolved  in  20  parts  of  alcohol 
and  reduced  with  160  parts  of  2.5%  soditun  amalgam,  14  parts  of  gladal 
acetic  add  being  gradually  added,  so  as  to  maintain  an  add  reaction  in 
the  mixture.  The  temperatiure  of  the  reaction  should  not  exceed  50-60**. 
The  mixture  is  diluted  with  water  and  extracted  with  ether  to  recover 
unchanged  oxime.  An  excess  of  hydrochloric  add  (suffident  to  liberate 
all  the  acetic  add  and  convert  the  base  into  a  hydrochloride)  is  then 
added,  and  the  solution  is  evaporated  to  dryness.    The  hydrochloride 
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of  the  base  is  dissolved  in  boiling  absolute  alcohol  and  filtered  from  sodium 
chloride.  It  crystallizes  from  the  alcohol  on  cooling  and  is  recrystallized 
from  boiling  alcohol.    The  yields  averaged  about  65%. 

Optical  Crystallogmphic  Data. — In  ordinary  light,  3-hydroxy-4-meth- 
oxybenzylamine  hydrochloride  (vanillyl-amine  hydrochloride)  crys- 
tallizes in  rods  which  break  up  into  angular  fragments.  System  probably 
monodinic.  Refractive  indices  [j?]  (determined  by  the  immersion 
method  in  organic Uquids) :  a  =  1.510,  P  =  1.705,  7  =  i.735»  7 —  a  = 
0.225,  all  =fc 0.005.  «  is  frequently  seen  in  one  direction,  and  an  inter- 
mediate value  between  P  and  y  in  the  other.  In  parallel  polarized  light: 
The  birefringence  is  extreme,  most  of  the  grains  showing  pale  hues  of  the 
fourth  or  fifth  order.  Extinction  is  often  inclined,  reaching  a  maximtun 
of  35®.  Elongation  is  usually  negative.  In  convergent  polarized  light: 
Partial  biaxial  figures  are  often  seen.  The  axial  angle  is  moderately 
large,  2E  =»  70°.    The  sign  is  negative.    Dispersion  is  strong,  with  2Er  < 

2E,. 

The  free  base  is  isolated  by  adding  to  a  solution  of  the  hydrodiloride 
in  lukewarm  water  an  amotmt  of  10%  sodium  hydroxide  solution  just 
sufficient  to  neutralize  the  hydrochloric  add.  An  excess  will  unite  with 
the  phenolic  hydroxyl  and  redissolve  the  base.  On  standing,  the  base 
separates  almost  completdy  in  fine  needles,  and,  being  very  slightly  solu- 
ble in  water,  can  be  washed  on  the  filter.  The  mdting  point  of  the  dried 
crystals  is  131-133^  The  material  for  analysis  was  dried  at  no**. 
Sabs.,  0.1903,  0.1592:  COj,  0.4399,  0.3652;  H|0,  0.1220,  0.1056. 
Calc  for  CsHuNC^:  C,  62.70;  H,  7.24;  N,  914.  Found:  C,  62.98,  62.56;  H, 
7.12,  7.36;N,  9.11,9.07. 

The  crystals  of  vanillyl  amine,  freed  from  adhering  moisture  by  drjring 
in  a  desiccator,  wdghed  and  dried  to  constant  wdght  at  no**,  lost  wdght 
equivalent  to  two  molecules  of  water. 

Free  vanillyl  amine  is  very  unstable,  being  easily  decomposed  by  caus- 
tic alkalies  and  even  by  boiling  water.  In  a  dry  form  it  keeps  very  wdl 
in  the  dark.     In  the  light  it  gradually  becomes  yellow. 

Optical  Crystallographic  Data.  —  3-Hydroxy-4-methoxy-benzylamine 
(vanillyl  amine)  is  unsuited  to  complete  optical  characterization,  as  it  is 
deddedly  unstable,  losing  its  water  of  crystallization  at  once  on  removal 
from  the  saturated  aqueous  solution.  The  following  properties  could  be 
observed,  however,  on  the  crystals  suspended  in  such  a  solution:  In 
ordinary  light:  Crystallized  in  rods,  probably  bdonging  to  the  rhombic 
system.  Refractive  indices  could  not  be  determined.  In  parallel  polar- 
ized light:  The  birefringence  is  very  strong,  second  order  colors  being  ex- 
hibited. The  extinction  is  straight,  and  the  dongation  positive.  In 
convergent  polarized  light:  Biaxial,  but  definite  figures  are  rardy  obtained, 
the  acute  bisectrix  bdng  apparently  the  long  axis  of  the  rods. 
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Alkaline  Hydrolysis  of  Capsaicin. 

Twenty  g.  of  capsaicin  was  mixed  with  80  cc  of  25%  sodium  hydroxide 
solution  and  heated  in  a  nickel  vessel  to  180**  in  an  autoclave  for  30  min- 
utes. Ammonia  was  split  off  and  the  base  was  decomposed  but  the  add 
(previously  detected  as  a  product  of  add  hydrolysis)  was  almost  quanti- 
tativdy  recovered.  The  reaction  mixture  was  diluted  with  water,  satura- 
ted with  carbon  dioxide,  and  extracted  with  ether.  A  quantity  of  resinous 
and  colored  products  of  the  decomposition  of  vanillyl  amine  is  thus  sep- 
arated. 

The  alkaline  solution  has  a  dark  color,  due,  no  doubt,  to  the  presence 
of  pyrocatediin  or  other  phenolic  decomposition  products  from  the  amine. 
It  was  evaporated  to  dryness  and  the  soditun  salt  of  the  add  separated 
from  soditun  carbonate  by  boiling  alcohol. 

The  residue  left  on  evaporating  the  alcohol  was  dissolved  in  water, 
addified  with  dil.  sulftuic  add  and  distilled  with  steam.  This  operation 
required  some  time,  as  the  add  distils  slowly  with  steam.  The  distillates 
were  extracted  with  ether  and  the  solvent  carefully  evaporated.  The 
j^dd  was  II. I  g. 

The  add  was  ptuified  by  distillation  from  a  small  flask  at  atmospheric 
presstu-e.  It  distils  without  decomposition  at  258-261**  (corr.).  On 
titration  with  alkali,  0.5339  g.  required  6.21  cc.  0.5  iV  sodium  hydroxide, 
giving  172  as  the  neutralizing  equivalent. 

Subs.,  0.1583,  0.1248,  0.1296:  COs,  0.4075,  0.3231,  0.3338;  HfO,  0.1517,  0.1213, 
Oost). 

Calc  for  CioHisOi:  C,  70.53;  H,  zo.66.  Found:  C,  70.20,  70.60,  70.24;  H,  10.74, 
10.88. 

The  add  absorbs  two  atoms  of  bromine,  yidding  a  dibromide,  which, 
recrystallized  from  ethyl  acetate,  mdts  at  57-59°. 

Hydrogenation  by  Paal's  method,  using  colloidal  palladium,  showed 
2.018  g.  of  the  add  to  absorb  about  250  cc.  of  hydrogen  (reduced  to  o® 
and  760  mm.).  The  absorption  was  very  slow  and  continued  for  30 
hours.  The  theoretical  absorption  for  one  double  bond  in  CioHisOs* 
using  2.018  g.  of  substance,  is  264 . 8  cc.  at  0°  and  760  mm.  The  add  there- 
fore absorbs  two  atoms  of  hydrogen,  and  is  a  decylenic  add. 

The  boiling  point  of  the  saturated  add  obtained  by  hydrogenation  is 
about  260**,  and  its  mdting  point  24-25  **.  Admixture  with  capric  add 
from  coconut  oil  causes  immediate  liquefaction.  Therefore  the  saturated 
add  formed  on  hydrogenating  the  add  from  capsaicin  is  not  capric 
add  but  an  isomeric  decylic  add. 

The  amide  of  the  add  obtained  from  capsaicin  is  a  beautifully  crystalline 
substance.  It  was  prepared  in  the  following  manner:  i . 2  g.  of  the  add 
was  mixed  with  0.4  g.  of  phosphorus  trichloride  and  allowed  to  stand  for 
12  hours.    It  was  then  added  drop  by  drop  to  7.5  cc.  of  cone,  ammonium 
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hydroxide,  cooled  in  a  mixture  of  ice  and  salt.  The  amide,  which  sepa- 
rated, was  washed  with  2%  sodium  hydroxide  solution  and  recrystallized 
from  dil.  alcohol.    The  melting  point  was  96-97°  (corr.). 

Optical  Crystallogpraphic  Data.— The  amide  of  the  decylenic  add  from 
capsaicin  forms  beautifully  pearly  leaflets  which  are  not,  however,  adapted 
for  optical  crystallographic  measurement.  In  ordinary  light,  it  is  seen 
to  be  crystallized  in  overlapping  plates,  without  definite  crystal  outline. 
The  mean  refractive  index  (determined  by  the  immersion  method  in 
organic  liquids)  is  approximately  1.55.  In  parallel  polarized  light:  The 
birefringence  is  weak,  only  blue-gi:ay  interference  colors  being  shown. 
There  is  no  definite  elongation  nor  extinction.  In  convergent  polarised 
light,  the  crystals  yield  a  somewhat  hazy,  biaxial  interference  figure,  with 
the  axial  angle  2E  about  60°  and  the  sign  positive. 

The  decylenic  add  from  capsaicin  crystallizes  when  cooled  in  a  mix- 
ture of  ice  and  salt  and  mdts  at  about  — 5°.  It  is  scarcdy  soluble  in 
water  and  the  silver  and  barium  salts  are  insoluble  in  cold,  and  very 
difficultly  soluble  in  boiling  water. 

A  decylenic  add  was  prepared  by  WaUach^  from  menthone  oxime, 
and  found  to  boil  at  257-261°,  but  the  mdting  point  of  the  amide  (104- 
105°)  differs  from  that  of  the  decylenic  add  from  capsaicin.  Wallach* 
has  also  prepared  a  decylenic  add  from  tetrahydro-carvone  isoxime. 
This  add  boils  at  257-260°,  but  the  amide  mdts  at  63-64°.  The  re- 
corded data  on  other  decylenic  adds  are  so  meager  that  the  identity  of 
the  add  from  capsaicin  with  some  one  of  them  can,  at  the  present  time, 
be  ndther  established  nor  disproved. 

Constitution  of  Ci^saicin. 

Capsaicin  is  a  condensation  product  of  vanillyl  amine  (3-hydroxy-4- 
methoxybenzylamine)  and  a  decylenic  add.     Its  constitution  is  there- 
fore represented  by  the  following  formula: 
OCHt 

ho/  XHiNHC0C,Hi7  -  Ci,H,7N0, 


<_> 


The  synthesis  of  substances  analogous  to  capsaicin  is  at  present  in 
fvogress.  Some  of  the  substances  thus  far  prepared  are  extremdy  pungent. 
Then-  description  is  reserved  for  a  later  commtmication. 

The  writer  is  indebted  to  Dr.  Joseph  A.  Ambler,  of  the  Bureau  of  Chem- 
istry, for  hdpful  suggestions. 

WAammoftom,  D.  C. 

« Aim,,  arSf  3"  (1894);  396,  lao  (1897);  3^^t  i99  (1900). 
•Ihid.,  3"f  204  (1900);  saSf  325  (190a). 


Digitized  by 


GooQle 


1 122  B.  A.  Wn^DAiAN  AND  HAROLD  GRAY. 

[Contribution  prom  thb  Rbsharch  Laboratories  op  Eli  Luxt  &  Company.  ] 

THE  PREPARATION  OF  1,2-DICHLORO-ETHER. 

By  E.  A.  WiLDMAN  AND  Harold  Gray. 

Received  April  28,  1919. 

An  investigation  which  was  recently  carried  on  involved  the  use  of  1,2- 
dichloro-ether,  a  substance  which  is  not  available  on  the  market.  An 
examination  of  the  Uterature  showed  that  the  best  method  of  prepara- 
tion was  probably,  by  direct  chlorination  of  ether,  a  method  used  by 
Fritsche  and  Schumacker,*  although  they  did  not  give  sufficient  details 
to  enable  one  to  carry  out  the  operation  successfully. 

The  ease  with  which  chlorine  and  ether  react  is  shown  by  the  fact  that 
a  mixture  of  the  two  in  gaseous  form  may  ignite  spontaneously.  If  a 
flask  is  filled  with  chlorine  at  room  temperature  and  one  or  two  cc.  of 
ether  poured  in,  there  will  usually  follow  within  a  moment  a  slight  ex- 
plosion with  ignition  of  the  ether  and  the  deposition  of  a  quantity  of 
soot.  If  diuing  the  chlorination  of  ether,  particularly  at  the  first,  the  tem- 
perature is  not  kept  low  by  cooling  with  an  ice-water  bath,  and  the  chlorine 
run  in  slowly,  there  is  likely  to  be  an  accumulation  of  chlorine  above  the 
liquid  which  will  result  in  the  sudden  ignition  of  the  whole  mass.  As  the 
reaction  progresses,  the  ether  becomes  saturated  with  hydrogen  chloride 
which  decreases  its  inflammability  and  cooling  is  no  longer  necessary. 
The  rate  of  passing  in  chlorine  may  also  be  much  increased  for  the  re- 
action takes  place  more  rapidly  than  at  fiirst. 

There  is  another  difficulty  which  enters  when  the  ether  becomes  satura- 
ted with  hydrogen  chloride.  The  latter  seems  to  dissolve  to  the  extent 
that  it  forms  a  supersaturated  solution  when  it  suddenly  escapes  with 
almost  explosive  violence,  carrying  the  ether  along  with  it.  In  one  case 
when  6  liters  of  ether  were  being  chlorinated  in  a  large  wide-mouthed 
bottle  the  entire  contents  with  the  exception  of  about  500  cc.  was  ejected 
as  if  from  a  geyser.  Occasional  agitation  of  the  material  was  not  suffi- 
cient to  prevent  this.  It  was  foimd  necessary  to  agitate  continuously  by 
means  of  a  rapidly  revolving  mechanical  stirring  device. 

The  operation  was  carried  out  as  follows: 

A  two-liter  flask  was  provided  with  a  return  condenser,  an  inlet  tube 
for  chlorine  and  an  efficient  stirring  device  connected  by  means  of  an  oil 
seal  in  order  that  the  escaping  hydrogen  chloride  would  be  forced  to  go 
through  the  condenser.  800  g.  of  dry  ether  was  placed  in  the  flask  and 
kept  cold  by  a  sturounding  bath  of  ice  and  water.  The  ether  was  stirred 
from  the  beginning.  After  passing  in  a  slow  stream  of  chlorine  for  35 
hoiurs  the  specific  gravity  was  0.785  at  25*^  and  hydrogen  chloride  began 
to  be  evolved  freely.  The  temperature  was  then  allowed  to  rise*  grad- 
ually to  that  of  the  room.  At  the  end  of  65  hours  the  specific  gi:avity 
»  Ann.,  279,  3oi  (1894). 
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was  0.89,  and  after  82  hours,  0.96.  Chlorination  was  stopped  at  this 
point. 

The  unchanged  ether  was  distilled  off  under  reduced  pressure  and  the 
remaining  material  fractionated.  There  was  obtained  375  g.  of  dichloro- 
ether,  boiling  from  66  to  69®  at  45  mm.,  representing  a  yield  of  24.2% 
ci  the  theoretical  amount.  The  material  in  the  distilling  flask  remained 
colorless  till  near  the  end,  when  it  became  black  and  there  was  left  a 
small  residue  of  65  g. 

It  had  previously  been  determined  that  chlorination  should  be  stopped 
at  about  the  point  where  the  specific  gravity  was  0.96,  In  one  trial  dur- 
ing which  it  was  carried  on  to  the  specific  gravity  i .  11  it  was  impossible 
to  separate  a  pure  fraction  of  dichloro-ether  from  the  product. 

IiniIAMAPOI48,   IlTDXAirA. 


[COMIftlBUnON  ntOM  THB  DSPARTMBNT  of  ChBMISTRT,  COI«UlfBIA  UnIV8R8IT7> 

No.  322.] 

ACTION  OF  ENZYMES  UPON  STARCHES  OF  DIFFERENT 
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O'Sullivan/  working  with  malt  extract  and  precipitated  malt  diastase, 
reported  that  potato  starch  was  less  readily  digested  to  maltose  than  were 
the  starches  of  the  cereal  grains  when  all  were  gelatinized  by  heating  in 
water  at  97^  and  tested  under  like  conditions. 

Stone,*  also  working  with  malt  extract,  judging  the  action  by  the  dis- 
appearance of  the  blue  coloration  with  iodine,  fotmd  potato  starch  more 
digestible  than  wheat  starch,  and  maize  starch  less  so  than  either.  With 
saliva.  Stone  found  potato  starch  more  digestible  than  the  cereal  starches, 
and  among  the  latter  maize  and  rice  starches  appeared  more  digestible 
than  that  of  wheat.  Stone  also  reported  potato  starch  more  readily 
digestible  than  cereal  starches  by  pancreatin  and  by  taka-diastase. 

Ford*  fotmd  the  purified  starches  of  rice,  barley,  maize,  wheat,  potato 
and  arrow  root  when  similarly  prepared  to  be  equally  digested  by  malt 
extracts  and  attributed  the  differences  fotmd  by  other  observers  to  the 
probable  impiuities  in  their  starches. 

In  view  of  the  conflicting  results  thus  shown  by  the  earlier  work  and 
the  fact  that  previous  observers  have  in  general  worked  with  but  few 
forms  of  amylase  and  these  usually  with  no  attempt  at  isolation,  a  more 
comprehensive  study  which  shotild  indude  observations  upon  purified 
enzyme  preparations,  as  well  as  secretions  and  extracts,  seemed  desirable. 

1  CySuUivan,  /.  Chem.  Soc.,  85,  616  (1904). 

*  Stone,  U.  S.  D^t  Agr.,  Office  of  Ezpt.  Sta.,  Butt.  34. 

*  Ford,  7.  Soc.  Chem.  Ind.,  aa,  414  (1904). 
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The  present  investigation  includes  experiments  upon  the  hydrolysis 
of  wheat,  maize,  rice  and  potato  starches  by  means  of  saliva,  pancreatin, 
purified  pancreatic  amylase,  malt  extract,  purified  malt  amylase,  taka- 
diastase,  and  ptuified  amylase  of  Aspergillus  oryeae. 

Barlier  investigations  in  this  laboratory  have  shown  that,  at  least  with 
some  amylases,  the  results  of  comparisons  based  upon  disappearance  of 
material  giving  blue  coloration  with  iodine  are  apt  to  be  misleading.^ 
On  the  other  hand,  the  gravimetric  method  which  we  have  commonly  em- 
ployed for  the  determination  of  the  amotmt  of  reducing  sugar  formed  from 
"scduble"  starch  was  not  applicable  because  of  the  difficulty  in  filtering 
the  starch  dispersions  here  studied.  We  therefore  adopted  the  method 
of  allowing  the  enzyme  to  act  upon  a  i%  dispersion  of  boiled  starch  for  30 
minutes  at  40^,  emplo3dng  in  each  series  of  measurements  such  an  amount 
of  the  enz3rme  solution  as  would  result  in  the  formation  of  about  V»  to  Vt 
of  the  theoretically  possible  amount  of  maltose,  and  finally  determining 
the  reducing  sugar  formed  by  titration  against  Fehling's  solution  accord- 
ing to  the  well  Imown  volumetric  method. 

The  general  plan  of  our  work  has  been  to  obtain  or  purify  each  starch 
by  several  methods  and  to  compare  the  digestibility  or  rate  of  transforma- 
tion into  maltose  of  different  starches  when  prepared  by  the  same  method 
and  purified  in  the  same  manner  and  tmder  the  same  conditions. 

Starches. — ^The  starches  used  in  these  experiments  were  prepared  in 
the  laboratory  from  wheat  flour,  com  meal,  white  rice,  and  mature  pota- 
toes. Bach  of  the  4  starches  was  prepared  in  4  different  ways:  (i)  wash- 
ing with  water  only,  (2)  with  very  dilute  alkali,  (3)  with  ether  after  wash- 
ing with  water,  (4)  with  ether  after  washing  with  alkali. 

In  the  preparation  of  starch  from  wheat  flour  or  com  meal,  the  material 
was  mix^  with  distilled  water  to  a  stiff  dough  and  kneaded  in  a  cheese- 
cloth bag  tmder  distilled  water.  The  starch  suspension  was  then  filtered 
through  4  thicknesses  of  cheesecloth  to  remove  particles  of  cellulose 
or  flodcs  of  insoluble  protein,  then  the  starch  allowed  to  settle  and  washed 
5  times  by  decantation  with  distilled  water.  A  portion  of  each  of  these 
starches  was  then  stirred  thoroughly  with  cold  0.3%  solution  of  sodium 
hydroxide  and  allowed  to  stand  overnight  at  ice  box  temperature  after  which 
the  alkaline  liquid  was  decanted  and  the  starch  washed  4  times  by  de- 
cantation with  ordinary  distilled  water  and  twice  with  the  triply  distilled 
water  especially  prepared  for  our  enz3rme  work.  In  the  case  of  wheat 
starch  a  second  portion  was  washed  with  a  more  dilute  alkali,  o.  15%  in- 
stead of  0.3%  sodium  hydroxide  solution;  and  a  dupUcate  portion  of  the 
com  starch  received  two  treatments  with  0.3%  sodium  hydroxide  solu- 
tion, the  subsequent  washings  with  water  being  as  stated  above  in  all 
cases. 

>  Shennan  and  Schlesinger,  Tms  Journal,  35f  17S4  (1913). 
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Rice  starch  was  obtained  by  mixing  finely  ground,  white  rice  with  water 
and  filtering  through  cheesecloth,  then  washing  with  water,  0.3%  sodiiun 
hydroxide  solution,  water  and  triply  distilled  water  as  just  described  for 
the  wheat  and  com  starches. 

Potato  starch  was  prepared  from  pared  and  grated  potatoes  by  filter- 
ing and  washing  as  in  the  preparation  of  the  cereal  starches. 

After  final  washing,  the  starches  were  filtered  on  BUchner  funnels  by 
suction,  dried  first  at  room  temperature  and  then  in  dry  air  at  30  to  40^. 
Portions  of  the  water-washed  and  alkaU- washed  starches  were  then  washed 
with  ether  in  Soxhlet  extractors  for  16  hours,  then  repeatedly  with  triply - 
distilled  water  and  filtered  and  dried  as  just  described. 

The  actual  starch  content  of  each  preparation  was  fotmd  by  hydro- 
lyzing  with  hydrochloric  add  and  determining  the  amotmt  of  ^ucose 
formed.  The  amount  of  o.oi  N  add  or  alkali  required  to  render  each 
starch  preparation  exactly  neutral  to  rosoUc  add  was  also  determined. 
For  each  enzyme  experiment  so  much  of  any  given  stardi  preparation 
was  weighed  out  as  would  contain  just  suffident  actual  starch  to  make  the 
required  amount  of  i%  substrate,  and  the  small  amount  of  o.oi  N  add 
or  alkali  required  for  strict  neutrahty  to  rosoUc  add  was  added  before 
bringing  the  starch  dispersion  to  final  voliune  or  before  mixing  it  with 
enzyme  solution. 

l&izyme  Preparations. — ^The  amylase  preparations  and  other  enzyme- 
containing  materials  used  and  the  amount  of  each  employed  per  100  cc. 
of  1%  starch  dispersion  were  as  follows:  Pancreatic  amylase  prepara- 
tion No.  64,  0.1  mg.;  pancreatin  No.  8,  2.5  mg.;  fresh  saliva,  0.18  to  0.5 
cc;  malt  extract,  0.15  cc.;  malt  amylase  preparation  No.  155,  0.25  mg.; 
amylase  preparation  No.  22  from  Aspergillus  oryzae,  0.4  mg.;  taka-dias- 
tase,  9.0  mg.  Bach  enzyme  was  used  in  the  presence  of  such  amounts 
of  diloride  and  phosphate  as  were  beUeved  to  afford  the  most  favorable 
conditions  for  its  action.^  Special  precautions  r^arding  preparation 
and  use  of  triply  distilled  water,  sdection  and  care  of  glassware,  avoid- 
ance of  unnecessary  exposure  to  light,  etc.,  were  observed  as  explained 
in  previous  papers  from  this  laboratory  dealing  with  other  phases  of  our 
study  of  the  amylases. 

Mefliod. — ^Amounts  of  the  stardi  preparations  suffident  in  each  case 
to  famish  one  gram  of  actual  anhydrous  starch  were  wdghed  out,  mixed 
with  a  little  cold  water  and  gelatinized  by  potuing  into  boiling  water  and 
bdUng  for  3  minutes;  then  transferred  to  100  cc.  cylinders,  neutralized, 
the  necessary  "activating"  salts  added  and  the  mixtures  brought  to  vol- 
ame,  thoroughly  mixed  by  stirring  and  placed  in  a  40^  thermostat  water- 

^  The  influence  of  hydrogen  ion  concentration  and  of  chlorides  and  phosphates 
has  been  dfaciiiaed  in  several  prerious  papers  from  this  laboratory,  Tms  Joxjknjo^ 
1910  to  1 919. 
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bath.  While  the  starch  pastes  thus  prepared  were  reaching  the  tempera- 
ture of  the  water  bath,  flasks  containing  uniform  amounts  of  the  enzyme 
were  prepared.  The  substrate  was  then  poured  upon  the  enzyme,  mixed 
thoroughly,  and  maintained  for  30  minutes  at  40**,  both  time  and  tem- 
perature being  very  strictly  controlled.  Finally  the  action  of  the  enzyme 
was  stopped  by  pouring  into  boiling  water  and  quickly  boiling  the  en- 
tire mixture,  after  which  the  reducing  sugar  which  had  been  formed  was 
determined  volumetrically  as  explained  above. 

Results. — ^The  results  of  typical  experiments  comparing  different  starches, 
similarly  piuified,  with  each  other  (or  in  some  cases  diflFerently  purified  por- 
tions of  the  same  starches)  are  given  in  the  tables  which  follow.  On 
account  of  the  nature  of  the  enzyme  solutions  employed  and  the  character 
of  the  manipulations  involved  in  these  experiments,  only  those  data  be- 
longing to  the  same  set  of  experiments — ^in  general  only  the  data  in  the 
same  column  of  the  same  table — are  directly  comparable  with  each  other 
in  a  quantitative  sense. 

Table  I. 
Action  of  Saliva,  Pancreatiii,  and  Purified  Pancreatic  Amylase  upon  Water-washed* 
and  upon  Purified,  Starches. 

%  of  starch  hydrolyzed  in  30  min.  by 

Deacription  Pui-  Pancreatic  amylase, 

of  starch.  Saliva.  creatin.  Prep.  No.  64. 

Water-washed: 

Wheat  starch 56.8  32.2  42.8 

Maize  starch 50.6  25.1  31.6 

Rice  starch 61.5  36.1.  45.8 

Potato  starch 67.7  39.7  47.2 

Alkali-washed: 

Wheat  starch: 

(o.3%NaOH) 65.5  38.2  46.0 

(o.i5%NaOH) 38.4 

Maize  starch: 

(0.3%  NaOH  once) 66.3  38.3  4<5.7 

(0.3%  NaOH  twice) 37.9 

Rice  starch 65.7  38.3  46.4 

Potato  starch 67.0  39.4  34.0 

The  figures  in  any  one  column  of  Table  I  show  that  purification  by- 
washing  with  dil.  alkali  has  a  pronounced  effect  upon  the  comparison  of 
the  different  starches  with  reference  to  their  digestive  hydrolysis.  Potato 
starch  is  practically  as  pmre  and  as  accessible  to  saliva  or  pancreatin  when 
merely  washed  with  water  as  after  purification  by  washing  with  dil.  alkali, 
while  water-washed  maize  "starch"  contains  impurities  which  markedly 
retard  its  digestion.  To  a  less  extent  the  same  is  true  of  wheat,  while 
rice  starch  is  almost  as  readily  digested  in  the  water-washed  as  in  the  alkali- 
washed  condition.  It  is  evident  that  the  increased  digestibility  of  the 
wheat  and  maize  starches  when  purified  by  washing  with  dil.  alkali  is  due 
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to  the  removal  of  other  material  such  as  fatty  or  waxy  matter,  and  not  to 
predigestion  of  the  starch  itself  by  the  alkali,  since  wheat  starches  treated 
with  0.15%  and  with  0.3%  sodium  hydroxide  solutions  are  equally  di- 
gestible and  maize  starch  treated  twice  with  the  dil.  alkaU  was  not  more 
digestible  than  that  treated  once.  The  low  result  obtained  in  the  action 
of  purified  pancreatic  amylase  upon  purified  potato  starch  suggests  the 
removal  during  purification  of  something  essential  to  the  optimum  activa- 
tion of  the  enzyme.    This  will  be  discussed  in  a  later  paper. 

Tabls  II. 
Action  of  Pancreatin  and  Purified  Pancreatic  Amylase  upon  Alkali- washed  and  upon 

Ether-washed  Starches. 

%  of  starch  hydrolyzed  in  30  miii.  by 

/ "- -s 

Description  Pancreatic  amylase, 

of  starch.  Pancreatin.  Prep.  No.  64. 

Alkali-washed: 

Wheat  starch 41.8  46.0 

Maize  starch 42.5  46.7 

Rkestarch 42.5  46.4 

Potato  stardi 43.0  34.0 

Ether-washed: 

Wheat  starch 36.7  41.9 

Maizestarch 39.4  43.7 

Rkestarch 39.1  46.3 

Potato  starch 43.0  46.3 

Examination  of  Tables  II  and  III  shows  that  the  removal  of  fatty  matter 
by  ether  tends  to  render  the  cereal  starches  more  accessible  to  the  enzymes 
as  does  purification  with  dil.  alkali  but  not  always  to  the  same  extent. 
Thus  the  low  results  obtained  with  water-washed  maize  starch  might  be 
attributed  chiefly  to  fat  which  it  contains,  but  the  hydrolysis  of  rice 
starch  by  the  purified  aspergillus  amylase  is  evidently  retarded  by  material 
which  is  not  removed  by  ether  but  is  removed  by  washing  with  dil.  alkali, 
as  shown  by  comparison  of  Tables  III  and  IV. 

Tabls  III. 
Action  of  Di£ferent  Enzymes  upon  Water-washed  and  upon  Ether-washed  Starches. 

%  of  starch  hydrolysed  in  30  mio.  by 
/  '  '  '        ■» 

Pancreatic  Malt  Aspergillus 

Description  Pan-  amylase.  amylase.         amylase, 

of  starch.  creatin.     Prep.  No.  64.     Prep.  155.    Ftep.  No.  22. 

Water-washed: 

Wheatstarch 40.4  .39-1  38.3  42.5 

Maizestarch 29.1  27.3  36.8  31.5 

Rioestarch 40.5  42.4  39.6  15.2 

Potatostarch 44.9  43.8  42.2  42.9 

Ether- washed: 

Wheatstarch 43.5  39*7  38.6  42.6 

Maisestarch 44.3  41.8  39.0  39.9 

Rlcestarch 44.0  44.0  39.8  21.9 

Potatostardi 44.6  44.0  42.2  40.1 
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Table  IV. 
Comparative  Digestion  of  Different  Starches  when  Purified  by  Washing  with  DiL 

Alkali. 

%  of  starch  hydrolyzed  in  30  min.  by 

Pancreatic 

amylase.                         Malt  Asperaillaa 

Kind  of                                          Pan>          Prep.  Malt        amsrlaae.  Taka-       amylaae. 

starch.                       Saliva.      creatin.      No.  64.  extract.    Prep.  155.  diastase.     Prqp.  22. 

Wheat 40.2  38.2  41.8  54-5  34-5  48.2  37-8 

Maize 406  389  42.4  54-8  35-6  44.7  39-7 

Rice 41.5  38.9  42.1  54-5  354  4*3  397 

Potato 43.5  39-4  390  56.8  35.2  52.4  38.2 

Table  V. 
Comparative  Digestion  of  Different  Starches  when  Purified  by  Washing  with  Dil. 

Alkali  and  with  Ether. 

%  of  starch  hydrolyzed  in  30  mIn.  by 

Pancreatic  Malt  Aspergillus 

Kind  of  Pan-        amylase.       Malt       amylase.        Taka-     amylase. 

starch.  creatin.     Ptep.  64.     extract.    Prep.  155.   diastase.   Prep.  22. 

Wheat 40.7  39.0  53.1  38.7  43.5  39.8 

Maize 41.0  39.8  52.3  39.1  42.7  39.5 

Rice 415  39.8  53.3  39.4  43.2  39.5 

Potato 44.4  27.7  55.4  40.7  46.0  42.2 

Tables  IV  and  V  show  that  wheat,  maize  and  rice  starches,  when  sim- 
ilarly purified  by  washing  with  dil.  alkali  or  alkali  and  ether,  are  of  equal 
digestibility  as  measmred  by  the  method  here  used.  This  is  true  for  each 
of  the  3  typical  amylases  employed  and  regardless  of  whether  the  amylase 
was  used  in  commercial  or  purified  form.  Except  with  purified  pan- 
creatic amylase*  potato  starch  shows  a  digestibility  or  rate  of  enzymic 
hydrolysis  equal  to  or  sUghtly  greater  than  that  shown  by  the  cereal 
starches.  Thus  with  the  single  exception  already  noted,  each  column  in 
Table  V  shows  a  slightly  higher  yield  of  maltose  from  potato  starch  than 
from  the  cereal  starches  tested  (the  variations  among  the  latter  being 
probably  no  greater  than  the  possible  error  of  experiment).  In  this  con- 
nection it  may  be  stated  that  preliminary  results  obtained  in  this  labora- 
tory by  Dr.  K.  Hattori,  in  a  study  designed  to  compare  the  rate  of  hy- 
drolysis of  rice  and  potato  starches  by  means  of  saliva  throughout  the 
course  of  digestion,  have  shown  a  slightly  higher  yield  of  reducing  sugar 
from  the  potato  than  from  the  rice  starch,  the  difference  becoming  per- 
ceptible when  about  40%  of  the  starch  has  been  transformed  to  maltose 
and  increasing  gradually  as  the  digestion  is  carried  farther,  probably  be- 
cause of  a  larger  yield  of  relatively  resistant  dextrin  from  the  rice,  than 
from  the  potato,  starch. 

Conclusion. 

When  similarly  ptuified  by  washing  with  very  dil.  alkali,  wheat,  maize 

and  rice  starches  show  the  same  digestibility  in  the  sense  that  under  the 

1  The  abnormally  low  results  in  this  single  case  will  be  diBCtinsed  in  a  later  paper. 
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action  of  the  same  kind  and  amount  of  amylase  they  are  all  transformed 
into  reducing  sugar  at  essentially  the  same  rate.  This  is  true  whether 
the  digestive  agent  be  saliva,  pancreatine  purified  pancreatic  amylase, 
malt  extract,  purified  malt  amylase,  taka-diastase,  or  the  purified  amylase 
of  Aspergillus  oryzae. 

As  obtained  by  washing  with  water  only,  potato  starch  is  almost  pure, 
but  the  cereal  starches  appear  to  contain  sufficient  amounts  of  fatty  or 
waxy  matter  to  interfere  to  an  appreciable  extent  with  the  action  of  the 
enzymes  upon  the  starch  even  after  the  latter  has  been  dispersed  by  Ixnl- 
ing  in  water  for  3  minutes.  This  was  true  to  a  greater  extent  of  the  maize 
than  of  the  wheat  starch,  a  finding  in  accordance  with  the  results  of  natural 
digestion  experiments^  which  emphasize  the  importance  of  such  prepara- 
tion of  maize  products  as  shall  ensure  their  very  thorough  mastication 
and  admixture  with  saliva. 

Potato  starch  shows  in  general  a  rate  of  enzymic  hydrolysis  equal  .to  or 
slightly  greater  than  that  of  the  cereal  starches.  As  here  tested,  it  is  as 
readily  acted  upon  in  the  water  washed  as  in  the  more  highly  purified 
condition.  The  only  case  in  which  the  potato  starch  has  shown  a  dis- 
tinctly lower  rate  of  hydrolysis  than  that  of  the  cereal  starches,  is  one  in 
whidi  both  starch  and  enzyme  were  employed  in  a  highly  purified  condi- 
tion. This  tendency  to  abnormally  low  results  is  readily  corrected  by 
suitable  additions  to  the  digestion  mixture  as  will  be  shown  in  a  subse- 
quent paper. 

We  are  greatiy  indebted  to  the  Carnegie  Institution  of  Washington  for 
grants  in  aid  of  this  investigaticm. 

Nbw  Yokk,  n.  y. 


[Contribution  ntOM  thb  Chbmical  Laboratory  of  Amherst  Colusge.] 

THE  ACTION  OF  CUPROUS  CHLORIDE  WITH  COMPOUNDS 

CONTAINING  THE  TRICHLOROMETHYL  GROUP. 

By  Howard  Waters  Douobtt. 

Received  May  7,  1919. 

In  191 7  the  present  writer  published  a  preliminary  report*  on  the  "Hy- 
drotysis  of  Organic  HaUdes  and  the  Corrosion  of  Metals,"  in  whidi  it 
was  shown  that  when  compounds  which  contain  the  trihalogen-methyl 
group  are  brought  in  contact  with  copper  in  ammonia  water,  the  copper 
goes  into  solution  as  ammono-cupric  halide. 

The  facts  that  no  evolution  of  gas  is  observed  during  the  reaction,  and 

that  copper  is  oaddized  to  the  cupric  condition  indicate  that  the  reaction 

b  not  a  simple  hydrolysis,  but  that  there  is  probably  a  condensation  due 

to  the  presence  of  the  ammonia,  in  whidi  the  heat  of  formation  of  the 

>  Sherman  and  Winters,  /.  Biol,  Chem,,  35f  301  (1918). 

*  This  Journai,,  39^  3685  (i9i7). 
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cupric  halide  as  well  as  the  *'heat  of  ammonation"  of  the  cupiic  ion  play 
an  important  part.  This  feature  will  be  dealt  with  more  in  detail  in  a 
subsequent  contribution  now  in  course  of  preparation. 

In  Experiment  15  of  the  previous  contribution^  it  was  shown  that  when 
a  piece  of  copper  foil  is  suspended  in  ammonia-water  above  and  out  of 
contact  with  carbon  tetrachloride,  the  copper  goes  into  solution  very 
slowly,  the  solution  around  the  copper  remains  colorless,  and  the  solution 
at  the  zone  of  contact  between  the  liquids  acquires  the  deep  blue  color 
of  the  ammono-cupric  ion.  It  was  suggested  that  this  behavior  indicates 
that  the  course  of  the  reaction  involves  solution  of  the  copper  as  cuprous 
ion,  with  subsequent  oxidation  by  the  organic  compound,  which  contains 
the  trichloromethyl  group.  Bearing  in  mind  the  ease  with  which  cuprous 
chloride  is  oxidized  in  ammoniacal  solution,  it  appeared  probable  that 
cuprous  chloride  might  be  substituted  for  copper  in  the  experiments  pre- 
viously recorded.  If  such  should  be  the  case  it  would  afford  a  rapid  and 
convenient  means  of  demonstrating  the  presence  of  a  trihalogen-methyl 
group  in  organic  compounds  provided  the  oxidation  does  not  take  place 
with  compoimds  containing  groups  other  than  the  trihalogen-methyl. 
The  following  experiments  were  performed  to  ascertain  the  applicability 
of  this  reaction  as  a  test  for  the  trichloro-  and  tribromo-methyl  groups  in 
organic  compounds: 

Procedure. — ^A  few  milligrams  of  the  sample  are  placed  in  a  small  glass- 
stoppered  bottle  of  10  to  15  cc.  capacity.  (A  test-tube  with  cork  stopper 
can  also  be  used.)  The  bottle  is  filled  with  cone,  ammonia  water.  About 
0.5  g.  of  powdered  cuprous  chloride  is  added  and  the  stopper  is  quickly 
inserted,  thus  forcing  out  excess  of  liquid  and  excluding  air.  The  bottle 
is  shaken  to  dissolve  the  cuprous  chloride.  A  blank  test  must  be  made 
for  ptuposes  of  comparison. 

In  all  cases  in  which  a  trichloro-  or  tribromo-methyl  group  was  known 
to  be  present  the  deep  blue  color  of  the  ammono-cupric  ion  developed 
within  5  minutes  except  in  the  case  of  hexachloro-ethane.  In  all  other 
cases  the  development  of  color  was  much  slower  or  failed  entirely.  The 
following  table  shows  the  results  of  the  test  as  applied  to  various  sub- 
stances: 

I.  PosmVB  TSST  WITHIN  5  M1NUT8S. 
Substance.  Remarks. 

TrichloTO-acetic  add.  Instantaneous  action. 

Ethyl  trichloro-acetate.  Dark  blue  in  2  minutes. 

Chloral  hydrate.  Dark  blue  in  2  minutes. 

Dichloro-acetic  add.*  Dark  blue  in  3  minutes. 

^  This  Journai*,  39,  2688  (1917)* 

'  The  purity  of  the  didiloro-acetic  add  in  respect  to  small  amounts  of  tridiloro* 
acetic  add  or  chloral  is  open  to  question.  Very  small  amounts  of  dther  substance 
would  account  for  this  behavior. 
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Substance. 

Carbon  tetrachloride. 

ChkMofofiu. 

Bfomofonn. 

ClilofX)picriii. 

Pentachloro-ethane. 

Hezadikro-ethane. 


Remarks. 
Muddy,  dark  red  solution,  changing  to 

dark  blue  in  2-3  minutes. 
Similar  to  carbon  tetrachloride,  but  the 

red  color  is  more  i)ersistent. 
No  red  color;  green  changing  to  dark 

blue  in  5  minutes. 
Green,   changing  to  dark  blue  in  2-3 

minutes.    Yellow  precipitate. 
Rapidly  darkening  blue  color. 

n.  No  Positive  Test  in  5  Minutbs. 

Slight  action  at  first,  but  dark  blue  at 

surface  of  contact  after  several  hours. 

Oystals  liquefy. 
Dark  blue  at  surface  of  contact,  but  did 

not  increase  rapidly. 
No  action. 

Cloudy  amethyst  color  in  10  minutes. 
No  action. 
No  action. 
No  action. 
No  action. 
No  action. 
No  action. 

Slow  action,  dark  in  24  hours. 
Slow  action,  pale  amethjrst  in  3  days. 
Slow  action. 
Brown  precipitate  in  3  hours.    No  blue 

in  solution. 
No  color.    Crystals  changed  to  fluffy, 

white  precipitate,  filling  tube. 
No  action. 

Very  slow  action  at  contact  surface. 
Like  collodion. 
No  action. 
No  action. 
No  acid. 
Slow  action,  marked  after  4  hours. 

From  these  experiments  it  is  evident  that  this  method  can  be  used  with 
considerable  confidence  in  testing  for  the  presence  of  the  trichloro-  or 
tribromo-methyl  group  in  a  compound,  or  even  the  detection  of  such 
compound  in  a  mixture.  The  test  is  quickly  made  and  requires  only  a 
very  small  amount  of  the  substance;  not  much  more  than  is  needed  for  a 
determination  of  the  melting  point. 

The  study  of  this  reaction  is  in  progress  in  this  laboratory,  particidarly 
as  regards  the  action  with  the  chloro-acetic  adds. 

AMBMmm,  Mass. 


lodofofin* 

Monochloro-curetic  add. 
Bthylidene  chloride. 
Ethylene  chloride. 
Ethylene  bromide. 
Ethyl  bromide. 
Btttyl  bromide. 
Iflobtttyl  bromide. 
Benzyl  chloride. 
Trichloro-ethylene. 
Tetrachloro-ethylene. 
Acetsiene  tetrachloride. 
Nitrobenzene. 

M-Dinitrobenzene. 

AmtH^iffptitf^  nitrate. 
Collodion. 
Smdceless  powder. 
Benzaldehyde. 
Benzenesulfonic  add. 
Benzenesdenonic  add. 
Benzo3rl  peroxide. 
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SOME  FACTORS  BEARING  UPON  i,6-ADDITI0N.i 
By  Tbnnbt  L.  Davis. 

Received  May  7,  1919. 

That  1,6-addition  sometimes  takes  place  has  been  demonstrated  by 
Straus,'  who  showed  that,  in  the  dichloride  which  is  formed  when  ciniiamyl- 
idene-acetophenone  is  treated  with  phosphorus  pentachloride,  the  two 
chlorine  atoms  are  in  the  i,6-positions  with  reference  to  one  another. 
Cinnamylidene-malonic  add  when  treated  with  sodium  fini^lgt^m  takes 
up  two  hydrogen  atoms,  and  the  compound  which  is  formed  has  been 
shown  by  Riiber*  to  be  1,4-hydrociniiamylidene-malonic  add.  Its 
formation  is  probably  due  to  primary  addition  of  hydrogen  in  the  1,6- 
positions  and  subsequent  rearrangement  of  the  product — ^just  as  the  re- 
duction of  dnnamic  add  under  similar  conditions  is  probably  due  to  1,4- 
addition. 

<COOH  yCOOH 

— ►  COIr-CH,— CH  =  CH— C^     yOH 
COOH  I  >^(^ 

T  yCOOH 

CHr-CHr-CH  =  CH— CH<; 

x:ooH 

The  interesting  question  arises  whether  1,6-addition  will  take  place  in  a 
similar  manner  with  a  substance  which  lacks  the  middle  one  of  the  3  un- 
saturated linkages  that  go  to  make  up  the  1,6-conjugated  S3rstem. 

The  1,4-hydrodnnamylidene-malonic  add,  which  is  the  immediate 
product  of  the  reduction,  has  been  shown  by  Riiber  to  imdergo  slow  re- 
arrangement into  the  3,4-compound,  which  is  evidently  more  stable. 
Moreover,  Hinrichsen  and  Tri^)d^  found  that  the  primary  addition 
product  of  bromine  and  cinnamylidene-malonic  ester  is  the  3,4-compound — 
in  the  case  where  1,6-  or  1,4-addition  with  the  carbonyl  group  involved 
was  impossible  or  altogether  unlikdy,  with  bromine. 

Thide  and  Meisenhdmer  have  found  that  hydrocyanic  add  adds  to 
cinnamylidene-malonic  ester  in  the  a,i9-positions  instead  of  in  the  a,8' 
positions  as  they  expected.*  This  addition,  however,  is  probably  not 
1,2-addition  to  the  imsaturated  linkage,  but,  in  view  of   the  comport- 

'  An  abstract  of  part  of  a  thesis  submitted  to  the  Division  of  Chemistry  of  Harvard 
University  in  fulfihnent  of  the  requirements  for  the  degree  of  Doctor  of  Philos- 
ophy, Jtme  191 7.  The  research  was  suggested  by  Professor  Elmer  P.  Kohler  and 
was  carried  out  at  the  University  of  California  where  I  was  a  guest.  Oratefol  acknowl- 
edgment is  hereby  made  to  Prof.  Kohler  for  helpful  advice  and  to  the  Univeraity  of 
Calif omia  for  laboratory  facilities. — T.  L.  D. 

*  Straus,  Ann.,  370,  315  (1909). 
»  Riiber,  Ber,,  35,  231 1  (1902). 

*  Hinrichsen  and  Triepd,  Ann.,  335,  196  (1904). 

*  Thiele  and  Meisenheimer,  Ibid,,  306,  347  (1899). 
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inent  of  this  compotind  with  the  Grignard  reagent,  is  probably  1,4-addi- 
tion  where  the  carbonyl  group  is  involved. 

yCOOCHi  yCOOCH, 

C.H,— CH  =  CH— CH  =  (\  — ►  C«Hr-CH = CH— CH(CN)- 

\X)OCH, 


:H— CH(CN)— CC      yOCH, 

1    ^£ 


yCOOCH, 

CfHf-CH  =  CH— CH(CN)— CH<( 

xxxx:h, 

E.  p.  Kohler  and  Miss  Marie  Reimer^  and  their  co-workers  have  found 
that  dnnamylidenemalonic  ester»  a-methyl  and  a-cyan-dnnamylidene- 
acetic  ester,  and  other  analogous  compounds  which  contain  a  1,6-conju- 
gated  system,  combine  with  the  Grignard  reagent  in  the  1,4-positions, 
the  5,6-unsaturated  linkage  being  unaffected.  They  also  react  1,2-,  the 
carbonyl  group  being  involved  'and  the  alkoxyl  group  being  replaced  by 
the  hydrocarbon  residue  which  is  in  combination  with  the  magnesium, 
the  relative  amounts  of  1,2-  and  of  1,4-addition  depending  in  these  cases 
upon  the  relative  rates  at  which  the  Grignard  res^^ent  combines  with  the 
1,2-  and  with  the  1,4-systems. 

It  seemed  of  interest  to  examine  by  experiment  whether  1,6-addition 
could  be  made  to  take  place  in  a  compound  in  which  the  possibiUty  of 
1,4-addition  was  eliminated  by  the  lack  of  the  unsaturated  linkage  in  the 
3,4-position. 

Barbier^  experimented  with  one  such  compound.  By  allowing  natural 
methyl-heptenone  to  react  with  methyl  iodide  in  the  presence  of  metallic 
magnesium*  he  obtained  2,6-dimethyl-heptene-2  0I-6,  indicating  that 
with  that  substance  only  the  carbonyl  group  is  involved  when  it  reacts 
with  methylmagnesium  iodide. 

In  the  present  investigation  2,4-diphenyl-butene-3  add-i  was  syn- 
thesized. This  substance  differs  from  similar  substances  which  have  been 
found  to  enter  into  1,6-addition  reactions  by  the  lack  of  an  unsaturated 
linkage  in  the  3,4-position;  and,  if  it  were  to  combine  1,6-  with  hydrogen, 
the  carbon  atoms  occup)ring  the  2-  and  5-positions  would  become  linked 
directly  to  one  another,  and  the  resulting  cydobutane  derivative,  having 
two  hydroxyl  groups  on  the  same  carbon  atom,  wotdd  lose  water  to  form 
a  ketone — ^whidi  could  be  easily  identified  by  its  properties. 

OH 

I  CHr-C«0 

CJHr-CH-=CH-CH(CiHi)— CHr-C^O  +  Hi — >      \  \  +H,0. 

CiHiCH — CH— CHi-CA 

1  Koliler  and  Reimer,  Am.  Chem,  /.,  33,  333  (1903);  Reifiier,  Ibid,,  38,  237  (1907); 
Rdmer  and  R^ynokb,  lifid.,  4O9  428  (1908);  48,  306  (19x2);  RoriK^ds,  Ibid.,  46,  198 
{1911). 

*  Barbier,  Compi.  rend.,  xaS,  no  (1899). 
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It  was  found,  however,  that  the  acid  is  not  reduced  when  boiled  with 
zinc  dust  and  acetic  add,  or  when  its  sodium  salt  in  aqueous  sol  ution  was 
treated  with  sodium  amalgam.  It  reacts  with  phenyl-magnesium  bro- 
mide to  form  an  unsaturated  tertiary  alcohol.  This  substance,  there- 
fore, in  its  comportment  toward  nascent  hydrogen  and  toward  the  Grignard 
reagent,  reacts  differently  from  substances  similar  to  it  but  differing 
from  it  by  having  an  unsaturated  linkage  in  the  a,i3-position,  its  7,6-un- 
sattu^ted  linkage  not  being  affected  by  either  of  these  reagents;  and  the 
results  indicate  that  a  3,4-tmsaturated  linkage  is  somehow  a  necessary 
factor  for  the  accomplishment  of  1,6-addition. 

Experimental  Part 
2,4-Diphenyl-butene-3  add-i  was  prepared  by  hydrolyzing  the  s^ldi- 
tion  product  of  malonic  ester^and  benzal-acetophenone,j^by  reducing  the 
5-ketonic  add  so  obtained,  and  by  splitting  off  water  and  carbon  dioxide 
from  the  resulting  hydroxy  add. 

CACH  «=  CH— CO— CiHi 


yCOOCH, 

CH,< 

x:ocx» 


C«Hr-CO-CHr-CH(CVHi)— CH(CCXX:Hi)« 

/ 

C,Hr-C(>-CH«-CH(CA)— CH(COOH), 


/ 


CJIr-CH(OH)— CH«— CH(CVH,)-CH,(COOH), 

/ 

C.Hr-CH(OH)— CHr-CH(CVH,)— CHr-COOH 


/ 


CJIr-CH  =CH— CH(CeH,)— CHr-CCMDH. 

Benzal-acetophenone  was  condensed  with  methyl  and  with  ethyl 
malonate  by  the  method  recommended  by  Kohler.^  The  ketone  was 
boiled  imder  reflux  for  half  an  hoiu-  with  about  its  own  wdght  of  absolute 
alcohol,  slightly  more  than  one  equivalent  of  malonic  ester,  and  enough 
sodium  alcoholate  to  give  the  solution  an  alkaline  reaction  to  litmus. 
The  mixture  was  cooled  at  once  at  the  tap,  and  seeded.  The  aystals 
which  separated  were  filtered  off  and  washed,  and  a  second  crop  of  crys- 
tals was  obtained  from  the  mixture  after  it  had  been  allowed  to  stand  over- 
night.   The  yidds  were  good — about  80%  of  the  calculated  quantity. 

The  2,4-diphenyl-butanone-4  diadd-i,i  methyl  or  ethyl  ester  hydrcrf- 
yzes  readily.  It  was  dissolved  in  warm  alcohol  and  twice  the  equivalent 
quantity  of  potassium  hydroxide  in  a  small  quantity  of  water  was  added 
while  the  mixture  was  shaken.    When  the  alkali  was  added,  the  colorless 

^  Kohler,  Am,  Chern,  J.,  469  474  (191 1}* 
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solution  instantly  took  on  a  yellow  or  orange  color,  and,  after  a  moment's 
shaking,  set  to  a  stiflf,  pasty  mass  of  crystals.  It  was  allowed  to  stand  for 
two  day^,  at  the  end  of  which  time  the  white  needle  crystals  were  filtered 
oflf  and  washed  thoroughly,  first  with  alcohol  and  then  with  ether.  The 
product  so  obtained  dissolved  readily  in  water  to  yield  a  dear,  colorless 
solution.  During  the  hydrolysis  some  of  the  substance  reverted  to  benzal- 
acetophenone,  thus  reducing  somewhat  the  yield  of  the  potassium  salt. 
In  general,  the  weight  of  the  potassium  salt  which  was  obtained  was 
greater  than  that  of  ester  which  was  used:  the  best  yield  was  270  g.  of 
potassium  salt  from  200  g.  of  ethyl  ester. 

The  reduction  of  the  ketonic  add  3ddded  an  add  reaction  product 
whidi  was  very  soluble  in  ether.  The  ether  deposited  crystals  which  were 
so  soluble  in  ether  that  they  could  not  be  washed  on  the  filter.  The 
mother-liquors  were  viscous  and  difficult  to  handle.  They  finally  set  to 
a  pasty  mass  of  very  small  crystals,  and  this  at  length  dried  to  a  white, 
brittle,  powdery  mass.  This  white,  brittle  mass  was  worked  up  directly 
with  acetic  anhydride,  for  it  was  found  that  this  part  of  the  synthesis 
went  smoothly  and  that  good  3ddds  of  the  unsaturated  add  were  obtained. 

Reduction  of  the  5-Ketonic  Acid. — In  one  experiment  103  g.  of  the  potas- 
sium salt  was  dissolved  in  a  liter  of  water  in  a  tall,  glass  cylinder  and  a 
large  excess  of  sodium  amalgam — 21  g.  of  sodium  in  900  g.  of  mercury — 
was  thrown  in.  After  4  days,  when  the  reaction  appeared  to  be  over, 
the  solution  was  iced,  made  add  with  hydrochloric  add,  and  shaken  out 
with  ether.  The  material  deposited  from  the  ether  cotdd  not  be  manip- 
ulated and  it  finally  3ddded  a  aystal  mush  wdghing  77  g.  This  was 
taken  up  in  a  hot  mixture  of  benzene  with  a  little  methyl  alcohol,  and  sub- 
jected to  a  systematic  fractional  crystallization.  There  was  obtained  2 
g.  of  a  pure  substance  which  was  evidently — 

/^y^Diphenyl-d-^ydroxy-butyric  Acid  LactonCi 
CiHf— CH— CHt— CH(C«Hi)— CHi    . — It  crystallizes  from  ethyl  alcohol  in 

— — O C=0 


beautiful,  transparent,  colorless  needles,  mdting  at  113-114**  without 
decomposition.  The  crystals  are  not  soluble  in  sodiiun  carbonate  solu- 
tion dther  hot  or  cold.  Their  solution  in  alcohol  gives  a  marked  yellow 
color  with  one  drop  of  ferric  chloride  solution — a  much  deeper  color  then 
results  when  one  drop  of  ferric  chloride  is  added  to  the  same  amoimt  of 
pure  alcohol.  Half  a  gram  of  the  substance  boiled  for  half  an  hour  with 
about  5  times  its  wdght  of  acetic  anhydride  was  recovered  imchanged 
when  the  acetic  anhydride  was  poured  into  water,  the  water  shaken  out 
with  ether,  and  the  ether  allowed  to  evaporate.  The  substance'^dissolves 
in  wet  alcoholic  potash  and  there  is  no  predpitate  when  t]ie^aIccdiolic 
solution  is  diluted  with  a  large  quantity  of  water;  but,  if  tius,  ^Qlutjioa  is 
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made  acid  and  extracted  with  ether,  the  ether  deposits  the  original  sub- 
stance.   These  are  the  properties  of  a  lactone. 

Calc  for  CnHuOs:  C,  80.95;  H,  6.347*    Found:  C,  80.89;  H»  6.518. 
The  properties  of  the  substance  and  its  composition  indicate  that  it  is  the 
5-lactone. 

The  conjunction  of  the  two  facts,  that  the  substance  was  not  altered  by 
boiling  with  acetic  anhydride,  and  that  it  did  not  appear  in  the  product 
of  any  of  the  experiments  in  which  the  crude  product  of  the  reduction  was 
boiled  with  acetic  anhydride,  indicates  that  it  was  probably  formed,  not  as 
an  intermediate  product  of  the  reduction,  but  because  of  the  manner  in 
which  the  reduction  product  was  handled. 

In  another  reduction  experiment  270  g.  of  the  potassitun  salt  was  treated, 
as  before,  with  sodium  amalgam  consisting  of  21  g.  of  sodium  and  900  g. 
of  mercury.  After  4  days  the  aqueous  solution  was  iced  and  acidified 
with  hydrochloric  add.  An  oil  separated.  The  sides  of  the  container 
were  scratched  with  a  glass  rod,  and  the  next  morning  it  was  found  that 
the  oil  has  solidified  to  a  mass  of  crystals.  These»  washed  with  water 
and  dried,  melted  at  114-117^  with  decomposition.  By  fractional  crys- 
tallization from  benzene  with  a  little  methyl  alcohol,  and  by  extraction 
of  the  lower  melting  fractions  with  hot  water,  two  substances  were  isolated — 
(a)  the  hydroxy-malonic  add  derivative  which  constituted  perhaps  3% 
of  the  reaction  product,  and  (b)  i3,6-diphenyl-5-hydroxy-butyric  add  which 
made  up  the  large  part  of  the  reaction  product. 

a^-Dijdi^nyly  4-Hydrozy-butane,  Diacid-i|i  crystallizes  from  warm 
water,  in  which  it  is  fairly  soluble,  in  wart-like  masses  of  colorless,  radia- 
ting, stout  needles  which  mdt  at  190-195**  and  turn  brown  and  give  oflf 
gas  at  the  mdting  point.  It  is  readily  soluble  in  soditun  carbonate  solu- 
tion from  which  it  Uberates  gas. 

Calc.  for  CiiHi80f.2HsO:  C,  61.72;  H,  6.285.     Calc.  for  CuHi^.3HiO:  C,  58.65 
H,  6.570.    Pound:  C,  60.64*  59-96;  H,  5.572,  4.831. 

The  properties  of  the  substances  are  in  accord  with  the  beUef  that  it  is 
a  malonic  add  derivative.  It  seems  probable  therefore  that  it  is  2,4- 
diphenyl,  4-hydroxy-butane  diadd-i,i  which  had  crystallized  with  two 
molecules  of  water  and  which  had  decomposed  slightly,  losing  some  carbon 
dioxide  and  some  of  its  water. 

/9y5-Diphenyl-5-hydroxy-butyric  Acid  is  but  little  soluble  even  in  hot 
water.  It  dissolves  readily  in  sodium  carbonate  solution.  It  aystallizes, 
with  half  a  molecule  of  water  of  crystallization,  in  colorless  needles  from 
benzene  and  in  pearly  flakes  from  alcohol,  and  mdts  at  154-154. 5**  with 
the  evolution  of  gas  but  without  the  production  of  any  color. 

Calc.  for  2[Ci7HxsOi].HtO:  C,  73.10;  H,  6.861.    Found:  C,  73.08;  H,  6.603. 
The  structure  of  this  add  is  demonstrated  by  its  properties  and  composi- 
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tbn,  and  by  the  fact  that  it  yields  the  desired  unsaturated  add  when 
it  is  boiled  with  acetic  anhydride. 

EUminatian  of  Water  from  the  Reduced  Acid. — Since  it  was  found  that 
the  principal  product  of  the  reduction  is  a  substance  that  yields  the  de- 
sired unsaturated  add  when  it  is  boiled  with  acetic  anhydride,  and  since 
it  was  found  that  the  unsaturated  add  is  much  easier  to  isolate  from 
its  reaction  mixture  than  the  corresponding  hydroxy-add,  it  was  found 
expedient  to  treat  the  crude  product  of  the  reduction  at  once  with  acetic 
anhydride  without  previous  purification.  The  yidds  were  fair.  Two 
typical  experiments  are  described. 

18  g.  of  the  white,  brittle  crude  reduced  add  was  boiled  for  an  hour 
with  50  cc.  of  acetic  anhydride  to  which  8  drops  of  cone,  sulfuric  add  had 
been  added.  The  mixture  was  poured  into  ice-water.  An  oil  separated. 
After  standing  overnight,  the  oil  had  become  a  sticky  solid.  This  was 
washed  in  water  and  dried  in  a  vacutun  desiccator — ^yidding  18.8  g.  of  a 
brown  putty-like  mass  which  smelled  strongly  of  acetic  add.  This  was 
taken  up  in  hot  benzene  and  the  solution  yidded  crystals  from  which, 
after  several  crystallizations,  9.6  g.  of  the  pure  unsaturated  add  was  ob- 
tained. The  residue  was  a  tar  from  which  nothing  further  could  be  iso- 
lated. 

82  g.  of  the  crude  reduced  acid  was  boiled  for  an  hour  with  200  cc.  of 
acetic  anhydride  to  which  about  one  cc.  of  cone,  sulfuric  add  had  been 
added.  The  mixture  was  poured  into  water  and  allowed  to  stand  for  two 
days.  The  blade,  putty-lUce  mass  which  resulted  was  recrystallized  from 
benzene,  3ddding  23.6  g.  of  the  pure  tmsaturated  add. 

294-Diphenyl-butene-3  Acid-i  crystallizes  from  benzene  in  colorless, 
rhomb-shaped  needles,  m.  p.  124-125**.  It  is  somewhat  soluble  in  hot 
water,  from  which  it  is  deposited,  when  the  solution  cools,  in  transparent 
needles.  It  dissolves  readily  in  aqueous  sodium  carbonate  solution,  and 
the  solution  discharges  the  color  of  permanganate  instantly. 

Calc  for  CirHifOt:  C,  80.95;  H,  6.34.    Pound:  C,  80.00,  80.96;  H,  6.421,  6404. 
Mdecular-weight  determinatiotis  by  measurement  of  the  freezing  points  of  benzene 
aohttions  gave  the  figures  537-9  ^^^  439-0. 
Calc  for  (CiTHieOOt:  504. 
It  appears  therefore  that  the  add  exists  in  benzene  solution  in  the  form 
of  a  double  molecule.    The  structure  of  the  add  is  demonstrated  by  the 
fact  that  it  yidds  benzoic  add  and  phenyl-succinic  add  on  oxidation. 
CeHs— CH  =  CH— CHCCeHfi)— CHi-COOH  +  4[0]  — > 

C«H,— COOH  +  C«Hfi— CH(COOH)— CHi— COOH. 

When  a  boiling  aqueous  solution  of  the  sodium  salt  was  oxidized  with 

potassitun  permanganate,  the  odor  of  benzaldehyde  appeared,  and,  later, 

the  odor  of  benzoic  add.    Nothing  but  benzoic  add  could  be  isolated  from 

the  reaction  product.    When  the  oxidation  was  carried  out  in  an  iced 
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solution,  the  manganese  dioxide  dissolved  by  the  addition  of  sulfurous 
acid»  the  solution  made  add  and  shaken  out  with  ether,  the  ether  deposited 
an  oil  which  smelt  strongly  of  benzaldehyde.  After  standing  ioc  a  few 
weeks  in  the  laboratory,  the  oil  showed  the  presence  of  crystals;  the  odor 
of  benzaldehyde  had  disappeared  and  an  odor  of  aliphatic  aldehydes  re- 
mained. At  the  end  of  8  weeks,  the  mass  had  crystallized  in  large  part. 
By  fractional  crystallization  and  by  extraction  of  the  higher  melting  frac- 
tion with  chloroform,  the  material  was  divided  into  benzoic  add  and 
phenyl-sucdnic  add,  which  were  identified  by  their  mdting  points. 

24-Diphenyl-butene-3  Acid-i  Methyl  Ester.— The  methyl  ester  first 
obtained  by  the  action  of  methyl  iodide  in  ether  solution  on  the  silver  salt 
of  the  add  proved  to  be  an  oil,  and  the  usual  expedients — such  as  scratch- 
ing with  a  glass  rod,  leaving  in  a  vacuum  desiccator,  or  freezing  the  methyl 
alcohol  solution  with  liquid  air — ^failed,  to  make  it  crystaUize.  A  few 
drops,  however,  in  the  bottom  of  a  beaker  finally  aystallized  in  white 
needles  after  a  month's  standing  in  the  comer  of  the  laboratory.  With 
this  seed  at  hand,  the  preparation  of  a  larger  amount  was  carried  out  suc- 
cessfully. The  ester  crystallizes  from  methyl  alcohol  in  beautiful,  radiating 
dusters  of  thick,  transparent  needles,  m.  p.  47-8***  In  acetone  solution 
it  discharges  the  color  of  permanganate  instantly. 

Calc.  for  CisHitOi:  C,  81.21;  H,  6.766.    Fotmd:  C,  81.16;  H,  7.423. 

i3,5-Diphenyl-5-hydroxy-butyric  Acid  Self  Ester  was  obtained  as  a  by- 
product in  one  preparation  of  the  unsaturated  add,  and  in  one  only.  The 
experiment  in  which  this  substance  was  obtained  differed,  so  far  as  I  know 
in  no  essential  respect  from  similar  experiments  in  which  none  of  the  sub- 
stance appeared.  31  g.  of  the  crude  reduction  product  of  the  ketonic 
add  was  boiled  for  half  an  hour  with  100  g.  of  acetic  anhydride  to  which  8 
drops  of  cone,  sulfuric  add  had  been  added,  the  mixture  was  treated  with 
water,  and  shaken  out  with  ether.  The  ether  deposited  crystals  which 
3ridded,  on  recrystallization  from  benzene,  8  g.  of  a  piu^  substance  which 
aystallized  from  benzene  in  colorless,  transparent  needles,  m.  p.  92-94®. 
The  substance  is  not  soluble  in  sodium  carbonate  solution  and,  when 
warmed  with  a  strong  solution,  it  melts  but  does  not  dissolve.  Its  solu- 
tion in  acetone  reduced  permanganate  rapidly  but  not  instantly. 

Calc.  for  Ci4H«04:  C,  80.95;  H,  6.347.    Found:  C,  81.17,  81.36;  H.  6.066,  5.987. 

The  analysis  is  in  good  agreement  with  the  belief  that  this  substance 
is  the  **sdf  ester"  of  /3,5-diphenyl,  5-hydroxy-butyric  add,  formed  from 
that  add  by  the  combination  of  two  molecules  and  the  consequent  elimina- 
tion of  two  molecules  of  water. 

CeHr-CH— CHr-CHCQHs)— CH,— CO 

<  >  ■ 

CO-CHr-CH(C«Hi)— CH,— CH— Cja» 
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This  hypothesis'  was  verified  by  experiment.  A  quantity  of  the  sub- 
stance was  dissolved  in  wet  alcohoKc  potash  and  the  solution  was  allowed 
to  stand  for  3  da3rs.  On  diluting  it  with  a  large  quantity  of  water,  there 
was  no  precipitate.  The  solution  was  made  acid  and  shaken  out  with 
ether.    The  ether  deposited  the  expected  add  in  a  state  of  piuity. 

Attempts  to  Reduce  the  Unsaturated  Acid. — ^3  g.  of  2,4-diphenyl- 
butene-3  add-i  was  dissolved  in  aqueous  sodium  carbonate  solution  in  a 
50  oc.  graduate,  and  sodium  amalgam,  consisting  of  one  g.  of  sodium  and 
50  g.  of  mercury,  was  thrown  in.  After  several  days,  when  the  evolution 
of  gas  had  ceased,  the  solution  was  addified  and  shaken  out  with  ether. 
From  the  ether  only  the  original  add  and  no  other  substance  was  ob- 
tained. 

A  repetition  of  the  experiment  gave  the  same  result. 

5  g.  of  the  add,  30  g.  of  zinc  dust,  60  cc.  of  glacial  acetic  add,  and  5  cc. 
of  water  were  boiled  together  under  reflux  for  two  hours.  The  mixture 
was  treated  with  water  and  ether,  and  the  ether  proved  to  contain  only 
the  original  add  and  no  other  substance.  The  unsatiu'ated  add,  there- 
fore, is  not  reduced  under  these  conditions. 

'  Reaction  of  the  Methyl  Ester  with  Phenyl  Magnesium  Bromide.— The 
methyl  ester  reacts  in  dry  ether  with  two  equivalents  of  phenyl-magnesiiun 
bromide.  Immediatdy  upon  mixing  the  substances,  there  is  a  white  pre- 
dpitate,  and  indeed  the  entire  appearance  of  the  reaction  is  similar  to 
that  of  the  reaction  of  ethyl  benzoate  and  phenyl-magnesium  bromide. 
Two  reactions  are  possible. 

C.Hr-CH-CH-CH(C(tt)— CHr-COOCH,  \  _^  Tjt^r>rnrn  J- 
+  aCHJ^gBr         /  ^^  MgBrOCH,  + 

CHr-CH  -CH— CH(CeH,)— CHr-C(CeH,),OMgBr 
or  [IJ 

(C.H,),CH— CH— C(Cai»)OMgBr 

I  I 

CeHj— CH— CH,  [HI 

The  product,  which  is  obtained  in  a  state  of  purity  when  the  reaction 
mixture  is  treated  with  water,  reduces  permanganate  in  acetone  solution 
indicating  that  the  reaction  is  in  accord  with  the  first  of  the  two  equations 
above  and  that  the  7,5-unsaturated  ester  does  not  react  in  the  1,6-posi- 
tions  with  the  Grignard  reagent  under  these  conditions. 

The  product  of  the  Grignard  reaction  consisted  of  only  one  substance, 
crystallizing  from  hot  alcohol,  in  which  it  was  not  very  soluble,  in  beauti- 
ful, colorless,  thin  needles,  m.  p.  138-139"^.  A  solution  of  the  substance 
in  acetone  discharges  the  color  of  permanganate  instantly.  It  dissolves 
in  cone,  sulfuric  add  to  3ddd  an  orange-colored  solution. 

Cak.  few  CifH»0:  C,  89.23;  H,  6.667.    Calc.  for  Ct»HnOCi,H|»:  C,  91.36;  H, 
6.561.    Pound:  C,  88.82,  89.45;  H,  7.506,  7.05. 
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The  analysis  indicates  that  the  substance  which  was  isolated  is  the 
carbinol  and  not  the  corresponding  ether.  When  a  gram  of  the  carbinol 
was  boiled  for  half  an  hour  with  acetic  anhydride  and  the  reaction  mixture 
was  poured  into  alcohol,  the  original  substance  was  recovered  unchanged. 
It,  therefore,  does  not  form  a  stable  acetate  under  these  conditions.  This 
fact,  however,  is  quite  in  harmony  with  the  conduct  of  other  tertiary 
alcohols  of  this  type. 

SoKSsviuJi,  Mass. 


[Contribution  feom  thb  Carbohydrats  I#aboratory,  Bureau  op  Cheicistry, 
United  States  Department  op  Agriculture.] 

THE  AMIDE  OF  a-<i-MANNOHEPTONIC  ACID. 
By  C.  S.  Hudson  and  K.  P.  Monroe. 

Received  May  15.  1919. 

This  substance  was  first  noted  by  Fischer*  as  a  precipitate  settling  from 
the  reaction  mixture  of  hydrogen  cyanide  and  d-mannose  in  aqueous  solu- 
tion. He  identified  the  substance  as  an  amide  by  its  behavior  towards 
alkalies  and  iron  salts,  found  its  m.  p.  to  be  182-3^,  but  published  no 
analysis  or  record  of  its  ptuification.  Its  specific  rotation  was  not  mea- 
sured. As  we  desired  to  know  its  rotatory  power  we  prepared  it  in  similar 
manner  but  soon  reached  the  conclusion  that  it  was  by  no  means  a  pure 
compound  because  on  successive  recrystallizations  its  m.  p.  rose  to  193-4** 
and  its  specific  rotation  increased  from  +4  to  +28**.  These  higher  values 
were  found  only  after  the  substance  had  been  recrystallized  6  times  but 
further  recrystallization  did  not  change  them.  As  the  substance  was 
difficult  to  ptuify  and  there  secerned  a  possibility  of  the  presence  in  it  of 
the  isomeric  /3-d-mannoheptonic  amide,  or  some  other  impurity,  a  second 
method  for  preparing  it  was  studied.  Ten  g.  of  pure  oystalline  ct-d- 
mannoheptonic  lactone  was  dissolved  in  100  cc.  of  50%  alcohol,  the  solu- 
tion was  cooled  with  ice  and  ammonia  was  passed  into  it  to  saturation. 
A  fine,  white,  granular  precipitate  formed,  which  was  filtered  off  and  washed 
with  cold  50%  alcohol.  Its  m.  p.  was  184-5®  ^^^  Mu  =  +14.  After 
only  two  recrystallizations  from  hot  water  its  m.  p.  was  193-4®  and 
[«]d  =  +27 .8®,  both  of  which  agree  with  the  values  found  for  the  other 
preparation  of  this  amide. 

The  purified  amide  from  the  hydrogen  cyanide  reaction  was  fotmd  to 
contain  6.1%  and  5.9%  N  in  two  analyses  by  the  Kjeldahl  method, 
which  agree  with  the  theoretical  value  for  CHiOH.CHOH.CHOH.CHOH.- 
CHOH.CHOH.CONHi,  6.2%.  The  purified  amide  made  by  the  action 
f  ammonia  on  the  lactone  gave  5 . 9%  and  6 .  i  %  N.  An  aqueous  solution 
of  the  purified  amide  from  the  HCN  reaction,  containing  0.542  g.  sub- 
stance in  50  cc.  solution  rotated  i .  21  ®  to  the  right  at  20®  in  a  4  dcm.  tube 
^  Uniersuchungen  abcr  KohUnhydrate  und  FermetUe,  p.  300. 
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with  sodium  Ught;  hence  [ajj?  =  +28.0.  A  second  measurement  gave 
+28. 1.  A  solution  of  the  purified  amide  that  had  been  made  from  the 
lactcme,  omtaining  o .  405  g.  in  50  cc.  solution,  rotated  o .  90"^  to  the  right  at 
20**  in  a  4  dcm.  tube  with  sodium  light;  hence  [a]^  =  +27.8.  The 
average  of  the  3  measurements,  +28.0,  is  taken  as  the  specific  rotation 
of  the  pure  amide. 

It  is  interesting  to  observe  that  the  molecular  rotations  of  the  amides 
of  aNi-mannoheptonic»  d-galactonic  and  Z-arabonic  adds  have  the  same 
sign  and  nearly  the  same  numerical  values. 

Tabls  L 
Rotation  of  Three  Amides  of  Similar  Tenninal  Configuration. 

specific       Molecular! 
Amide.  Configuration.  rotation.      rotation. 

H  H    OHOHH  O 

o-^Mamioheptonic....    CHtOH  .  C  .  C  .  C  .  C  .  C  .  CNHs       +28.0    +63 .o(io)* 

OHOH    H   H    OH 

HOHOH   H    O 

^-Galactonic CHiOH  .  C  .  C  .  C  .  C  .  CNH,  +30.2     +58.9(io)« 

OH    H  H    OH 

OHOH    H    O 

l-Araboaic CHiOH  .  C  .  C  .  C  .  CNHj  +379    +625(10)* 

H    H    OH 

The  cause  of  this  agreement  evidently  lies  in  the  fact  that  the  three 
structures  have  the  same  configurations  for  the  a-,  P-  and  7-carbon  atoms 
near  the  amide  groups.  In  an  accompanying  article  by  Hudson  and 
Komatsu  it  is  shown  that  the  principle  of  optical  superposition  holds 
f airiy  closely  for  such  amides  as  these  and  that  the  a-  and  /8-carbon  atoms 
are  the  only  ones  that  have  much  influence  on  the  rotation. 

Wasbdioton,  D.  C. 


[COMTKIBimON    FROM    THB    CaRBOHYDRATS    I#AB0RAT0RY,    BuRSAU    OF    ChBMISTRY 
UnITBD  STATBS  DBPARtliSNT  OF  AGRICULTURE.] 

THE  ROTATORY  POWERS  OF  THE  AMffiES  OF  SEVERAL 

a-HYDROXY  ACmS  OF  THE  SUGAR  GROUP. 

Bt  C  S.  Hudson  and  SmoBRU  Koicatsu. 

ReceiTed  May  15.  1919. 

In  a  recent  artide^  it  was  shown  that  Weerman's  measurements  of 
the  rotatory  powers  of  the  amides  of  7  a-hydroxy  adds  of  the  sugar  group 
kad  to  the  generalization  that  the  a-carbon  atom  is  prindpally  responsi- 
ble for  the  rotation  of  these  substances  and  that  when  the  hydroxyl  group 
is  on  the  right  of  this  carbon  atom,  in  the  configurations  of  Fischer's,  the 
amide  rotates  to  the  right  and  vice  versa.    This  condusion  was  borne  out 

1  The  moteciilar  weights  of  the  3  amides  are  225,  195  and  165. 
*  Tms  Journal,  4o»  813  (1918). 
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further  by  the  known  configurations  and  rotations  of  tartraminic  add, 
tartramide  and  the  amides  of  malic  and  glyceric  adds.  By  its  applica- 
tion to  the  amide  of  mandelic  add  the  configurations  of  the  active  forms 
of  this  add  were  placed  in  the  system  that  Fischer  originated  for  the  sugar 
group,  which  will  doubtless  in  time  grow  to  indude  most  optically  active 
substances.  In  that  article  it  was  stated  that  Weerman's  measurements 
seemed  to  lack  the  precision  that  would  be  required  in  a  quantitative 
study  of  the  rotations  of  the  other  active  carbon  atoms  of  the  amides  of 
the  sugar  adds.  At  present  we  wish  to  treat  this  subject  quantitatively, 
basing  the  study  upon  measurements  that  one  of  us  (S.  K.)  has  made  dur- 
ing the  past  year.  These  measurements  confirm  the  generalization  al- 
ready mentioned,  but  they  di£fer  in  some  instances  from  Weerman's 
data  and  lead  to  some  interesting  condusions  that  are  not  apparent  from 
his  measurements. 

Consider  first  the  molecular  rotations  (m.  w.  195)  in  aqueous  solution 
of  the  amides  of  the  group  of  adds  that  are  rdated  to  the  hexoses,  the  so- 
called  hexonic  adds,  namdy,  gluconic,  mannonic,  gulonic  and  galac- 
tonic  adds. 

TaBLB  I. — CONPIOURATIONS  AND  ROTATIONS  OP  HEZONIC  AlODBS. 

specific  Moleccdar 

Amide.  Piacher's  configuration.  rotation.         rotation. 

H     H     OH  H    O 

d-Gluccmic  amide CHtOH.C  .  C  .  C  .  C  .  CNHt      +31. a      +60.8(10)* 

OH  OH  H     OH 

H    H     OH  OH  O 

d-Mannonic  amide CHtOH.C  .  C  .  C  .  C  .  CNHa     —17.3     — 33.7(io)« 

OH  OH  H     H 

H     OHH     H     O 

<i-GiilQiiic  amide CHiOH.C  .  C  .  C  .  C  .  CNHt      +15.2      +29.6(10)* 

OH  H     OH  OH 

H     OH  OH  H     O 

rf-Galactonic  amide CH1OH.C  .  C  ,  C  .  C  .  CNH|      +30.2      +58. 9(10)* 

OH  H     H     OH 

Since  there  are  4  asymmetric  carbon  atoms  in  these  structures  the 
rotation  of  each  of  them  can  be  calculated  from  the  rotations  of  the  4 
amides  on  the  assumption  of  the  prindple  of  optical  superposition.  The 
details  of  the  method  of  calculation  have  already  been  published.^  It  is 
found  in  this  way  that  the  molecular  rotations  for  the  4  carbon  atoms, 
calling  the  active  atom  next  the  amide  end  the  a-carbon,  have  the  follow- 
ing values  when  the  hydroxyl  group  is  on  the  lower  side  of  its  carbon  atom 
(or  is  on  its  right  when  the  formida  is  written  vertically  with  the  amide 
group  at  the  top):  a-carbon  =  +47.25(Io)^  jS-carbon  =  — 14.65(10)*, 
» Tans  JouRNAi,,  39, 465  (1917). 
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7-carbon  =  +0.95(10)*,  and  5-carbon  =  — 2.05(10)^  It  will  be  noticed 
that  the  numerical  values  decrease  as  the  carbon  atom  is  further  removed 
from  the  amide  end  (the  difference  between  the  values  for  the  7-  and 
^atoms,  both  of  which  are  very  small,  are  probably  near  the  limit  of  ac- 
curacy of  the  data).  The  alternation  in  the  sign  of  the  rotation  of  the 
successive  carbon  atoms  is  also  noteworthy,  suggesting  the  alternation  in 
positive  and  n^;ative  affinity  that  is  often  ascribed  to  the  carbons  in  a 
chain. 
Consider  next  the  amides  of  several  of  the  adds  of  the  heptose  group. 
Table  II. — Configurations  and  Rotations  op  Heptonic  Aiodss. 

Molecular 
Specific  rotation. 

Amide.  Piacher's  configuration.  rotation.    (Mol.  wt.  225.) 

H     H     OH  H     H     O 

o-Olucolieptoiuc CHiOH.C  .  C  .  C  .  C  .  C  .  CNHi    +10.6    +23.8(io)« 

OH  OH  H     OH  OH 

H     H     OH  H     OH  O 

/>-Ghicoheptonic CHsOH.C  .  C  .  C  .  C  .  C  .  CNHi    —30.2    — 67.9(10)* 

OH  OH  H     OH  H 

H     H     OH  OH  H     O 

o-Mannoheptooici CHj0H.C  .  C  .  C  .  C  .  C  .  CNH,    +28.0    +63.0(10)* 

OH  OH  H    H     OH 

H     OH  OH  H     H     O 

o-Oalaheptoiiic CH1OH.C  .  C  .  C  .  C  .  C  .  CNHi    +14.3     +32.2(10)* 

OH  H     H     OH  OH 

Although  it  is  not  possible  to  calculate  the  rotations  of  all  5  of  the  active 
carbon  atoms  in  these  chains,  because  only  4  observations  are  at  hand, 
nevertheless  the  following  molecular  rotations  may  be  determined: 
o-carbon  =  +45.85(10)*,  /J-carbon  =  — 19.6(10)*,  6-carbon  = 
— ^4.2(10)*,  €-carbon  —  7-carbon  =  +1.75(10)*.  It  is  noticeable  again 
that  the  sign  alternates  from  carbon  to  carbon.  The  numerical  value 
for  the  a-carbon  is  almost  the  same  as  was  fotmd  for  the  hexonic  amides, 
showing  that  the  principle  of  optical  superposition  holds  at  least  dosely 
in  passing  from  one  of  these  groups  to  the  other.  Also  the  values  for  the 
other  carbons  correspond  very  well  within  the  two  groups.  It  seems  highly 
probable,  therefore,  that  the  principle  holds  closely  among  the  members 
of  each  group.  One  could,  of  course,  calculate  with  fair  approximation 
the  rotation  of  the  amides  of  several  of  the  hexonic  and  heptonic  add 
amides  that  have  not  yet  been  measured,  such  as  allonic  amide  or  gulo- 
hq>tonic  amide,  but  the  mention  of  this  may  suffice  at  present. 

Consider  next  the  amides  of  the  pentonic  adds. 

*  The  rotatko  of  this  substance  Is  quoted  from  the  accompanying  artide  by  Hudson 

a&u  Aftoojfoe* 
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TabI,B  III. — CONWOURATIONS  AND  ROTATIONS  Olf  PBNTONIC  AlODI^ 

Molecular 
Specific  rotation. 

Amide.  Fischer's  configuration.  rotation.     (Mol.  wt.  165.) 

Ob  OH  H     O 

/-Arabonic  amide CHiOH.C  .  C  .  C  .  CNHs      +375     +6i  .9(10)* 

H    H     OH 

OH  OH  OH  O 

iHUbonic  amide CHiOH.C  .  C  .  C  .  CNHi     —16.4     — 27.i(io)« 

tf*'  H     H 

H    OH  H     O 

d-Xylomc  amide CHiOH.C  .  C  .  C  .  CNHi      +44.5     +73 .4(xo)« 

OH  H    OH 

From  these  3  values  the  molecular  rotations  of  the  3  active  carbon  atoms 
in  the  pentonic  amides  may  be  calculated  to  be,  a-carbon  =  +44.5(10)*, 
/3-carbon  =  — 23.15(10)*,  7-carbon  =  +5.75(10)*.  The  value  for  d-xyl- 
onic  amide  is  taken  from  Weerman's  article,  as  we  have  not  been  able  to 
crystallize  this  substance.  The  value  for  the  a-carbon  is  obtained  by  the 
use  only  of  our  own  data  for  the  amides  of  arabonic  and  ribonic  adds,  both 
of  which  have  been  prepared  in  very  pure  crystalline  condition.  A  change 
in  the  value  for  the  amide  of  xylonic  add  would  not  affect  the  value  of  the 
rotation  of  the  a-carbon  atom  but  would  alter  those  of  the  jS-  and  7-car- 
bons.  The  alternation  in  sign  of  the  successive  carbon  atoms  is  again 
apparent,  and  likewise  the  decrease  in  the  rotation  as  the  carbon 
atom  is  further  removed  from  the  amide  end.  The  numerical  value 
for  the  a-carbon,  44.5(10)*,  is  quite  near  those  that  have  been  found 
for  this  carbon  in  the  hexonic  and  heptonic  adds,  showing  that  the  prind- 
ple  of  optical  superposition  holds  fairly  dosdy  for  these  amides. 

Lastly,  mention  is  made  of  the  diamides  of  3  of  the  dibasic  adds  of 
the  sugar  group,  d-mannosaccharic  and  d-saccharic  adds  and  tartaric 
add. 

Tabi^  IV. — Configurations  and  Rotations  oy  Tbrbb  DiAMmBs. 

specific  Molecular 

Diamide.  Fischer's  configuration.  rotation.  rotation. 

O     H     H  OH     H     O 

(i-Saccharic  diamide NHiC  .  C  .  C  .  C  .  C  .  CNHi    +13. 3       +27.7(10)* 

OH  OH    H  OH 

O     H     H  OH  OH     O 
(f-Mamiosaccharic  diamide..  NHsC  .  C  .  C  .  C  .  C  .  CNHs   — 24.4      —50.8(10)* 

OH  OH     H    H 

O  OH     H     O 

Tartaric  diamide NHjC  .  C  .  C  .  CNHs  +106.5*     +157.6(10)* 

H  OH 

If  the  active  carbon  atoms  in  these  structures  be  named  in  the  manner 
that  has  been  followed  for  the  monoamides  one  must  name  from  each 
^  Measurement  by  FtanUand  and  Slator,  /.  Ckem.  Soc.,  83, 1354  (1903). 
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end  towards  the  center  and  in  giving  a  sign  to  the  rotations  of  the  carbons 
of  the  left  half  must  consider  the  structure  to  be  turned  through  i8o^ 
in  the  plane  of  the  paper,  so  as  to  put  the  left  hand  amide  group  around 
to  the  right  end.  Thus  the  4  as3anmetric  carbons  in  d-sacdiaric  di- 
amide  would  be  given  the  following  signs  and  designations: 

H     H  OH     H 
NHiOC  .  C  .  C  .  C  .  C  .  CX)NHi. 
OH  OH     H  OH 
— a  — fi  — fi  +a 

Two  equations  may  now  be  set  up  for  the  molecular  rotations  of  the  di- 
amides  of  cf-saccharic  and  d^mannosaccharic  adds,  respectively. 

d-Saccharic  diamide  — a  —  /8  —  /?  +  a  ■»  +27 . 7(10)*. 

d-Mannosaccharic  diamide  — a  —  fi  —  fi  —  a  =  — 50. 8(10)*. 
Solvii^  these  two  equations  for  the  two  unknown  quantities  gives  a  « 
+39.25(10)*  and  /3  =»  — i3.85(io)«. 

In  the  case  of  tartramide  there  are  two  a-carbons,  both  to  be  considered 
positive,  and  no  0-carbons,  hence  2a  =  +157.6  and  a  =  +78.8(10)^ 

The  values  for  the  carbons  of  the  hezaric  diamides  are  near  those  for 
the  hexonic  monoamides  and  are  of  the  same  sign.  In  the  case  of  the 
tartaric  diamide  the  sign  is  the  same  for  the  a-carbon  but  its  numerical 
value  is  much  larger,  possibly  because  the  two  a-carbons,  of  strong  rota- 
tion are  not  separated  in  this  structure  by  any  intervening  carbon  atoms. 

It  would  be  desirable  to  extend  this  study  to  the  amides  of  other  optically 
active  dibasic  adds.    The  present  data  are  suffident  to  allow  the  calcula- 
tion, of  the  rotatory  powers  of  the  diamides  of  all  the  hexaric  adds. 
Tabui  V. — ^MoiAcuLAR  Rotations  op  thb  Activs  Casbon  Atoics  oy  Aiodss  from 

TBB  Sugar  Group. 

Car-  4-Carboii  Pentonic  Hexonic  Heptonic  Hexaric 

bon.  series,  diamide.  amides.  amides.  amides.  diamides. 

«» +78.8(io)«    +44.5(10)*      -1-47. 25(10)*    —45.85(10)*    +39.25(io)« 

/J — 23-15(10)*    — 14.65(10)*    — 19.6(10)*    — 13.85(10)* 

y +5.75(10)*   +0.95(10)*         ?  

h — 3.05(10)*  — 4.2(10)*        

€ ?  

In  Table  V  are  recorded  the  values  that  have  been  adduced  for  the 
mdecular  rotations  of  the  different  carbon  atoms  in  these  various  amides. 
The  values  for  the  jS-  and  7-carbons  of  the  pentonic  amides  depend  upon 
Weerman's  value  for  xylonic  amide.  We  suspect  that  his  value  is  slightly 
too  high.  If  the  rotation  of  the  7-carbon  many  be  neglected  in  the  pen- 
tonic  amides,  as  seems  probable  from  its  low  values  in  the  hexonic  series, 
the  value  of  the  rotation  of  the  0-carbon  can  be  calculated  without  using 
Weerman's  determination.    It  is  found  to  be  — I7.4(Io)^  which  is  near 

^  With  the  formula  of  the  compound  written  vertically  and  the  amide  group  placed 
at  the  top»  if  the  OH  group  of  the  particular  carbon  atom  is  on  the  right  of  the  structure 
the  sign  of  rotation  of  the  carbon  is  that  given  in  the  table. 
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the  average  of  the  values  that  have  been  found  in  the  hexonic  and  hep- 
tane series.  Using  this  value  and  neglecting  that  of  the  7-carbon,  gives 
for  xylonic  amide  the  rotation  of  arabonic  amide,  +37.5**,  in  place  of 
Weerman's  measurement,  +44.5°. 

Experimental. 
(^Galactonic  Amide  was  prepared  by  passing  dry  ammonia  gas  into  an  absolute 
alcoholic  solution  of  pure  galactonic  lactone,  as  described  by  Weerman.  It  was  re- 
crystallized  4  times  from  water  and  dried  at  70^  for  15  hours,  and  in  another  case  at 
100'  for  7  hours.  The  two  products  showed  the  same  specific  rotation.  2.500  g.  of 
substance  dissolved  to  50  oc.  in  water  rotated  at  20^  in  a  4  dcm.  tube  in  sodium  light 
6.04  circular  degrees  to  the  right,  hence  [a]^  «  4-30.2^.  Its  melting  point  was 
1 72-1 72 .5'. 

i-Gluconic  amide  was  prepared  similarly,  crystallized  3^times  from  90%  alcohcd 
and  dried  at  70^  for  25  hours.  Its  m.  p.  was  143-4^.  2.500  g.  of  substance,  made  up 
to  50  oc  in  water,  rotated  6.24^  to  the  right  in  a  4  dcm.  tube;  hence  [a]^  »  +31*2. 
A  second  measurement  gave  the  same  value. 

<l-Gulonic  amide  was  prepared  by  adding  alcohol  to  a  solution  of  10  g.  of  gulonic 
lactone  in  strong  ammonia  water.  The  crystals  were  recrystallized  from  alcoholic 
solution  twice  and  dried  at  70^  for  20  hours.  M.  p.  122-3^;  jdeld  10  g.  2.500  g.  of 
substance,  dissolved  to  50  cc.  in  water  rotated  3.03^  to  the  right  in  a  4  dcm.  tube; 
hence  [af^  -  +15-2. 

d-Mannonic  amide  was  prepared  by  passing  dry  ammonia  into  an  alcoholic  solu- 
tion of  mannonic  lactone.  It  was  recrystallized  from  aqueous  alcohol  twice  and  dried 
at  70*  for  20  hours.  M.  p.  172-3®.  0.4710  g.  of  substance  in  50  cc.  aqueous  solution 
rotated  0.65^  to  the  left  in  a  4  dcm.  tube;  hence  [a]^^  »  — 17.2.  A  second  determina- 
tion gave  — 17.4',  and  the  average  is  — 17.3'. 

cK-d-Glucoheptonlc  amide  was  prepared  by  passing  dry  ammonia  into  an  alcoholic 
solution  of  the  lactone,  was  recrystallized  from  alcohol  twice  and  dried  at  70*  for  10 
hours.  M.  p.  134.5®.  0.3668  g.  of  substance  in  25  cc.  aqueous  solution  rotated  0.31^ 
to  the  right  in  a  2  dcm.  tube;  hence  [aj^p  =  +10.6. 

^-({-Glucoheptonic  amide  was  prepared  by  passing  dry  ammonia  into  an  alcoholic 
solution  of  the  pure  lactone.  The  lactone  showed  a  specific  rotation  of  — 66.0®  and 
m.  p.  152-3®,  in  agreement  with  the  values  ( — 67.7®  and  m.  p.  151-2®)  that  have  been 
found  by  Fischer.^  The  amide  was  recrystallized  twice  from  aqueous  alcohol  and 
dried  at  70®  for  24  hours.  M.  p.  158®.  From  17.5  g.  lactone  7.5  g.  pure  amide  was 
obtained.  2.500  g.  of  substance  in  50  cc  aqueous  solution  rotated  6.00®  to  the  left 
in  a  4  dcm.  tube;  hence  [a]^  «=  — ^30.0®.  A  second  meastu-ement  showed  — ^30.3, 
and  the  average  — ^30.2  is  taken. 

oHi-Galaheptonic  amide  was  prepared  according  to  Fischer's'  directions,  re- 
crystallized twice  from  alcohol  and  dried  at  70®  for  several  hours.  M.  p.  206®  0.2159 
g.  of  substance  in  50  cc  aqueous  solution  rotated  0.25®  to  the  right  in  a  4  dcm.  tube; 
hence  [a]^  «  •fi4-5*    A  second  measurement  showed  +14.1  and  the  mean  is  taken, 

+14.3'. 

/-Arabonic  amide  was  prepared  from  ammonia  and  the  lactone  and  was  re- 
crystallized twice  from  90%  alcohol,  and  dried  at  70®  for  18  hours.  M.  p.  135-6®. 
2.500  g.  of  substance  in  50  cc  aqueous  solution  rotated  743®  to  the  right  in  a  4  dcm. 
tube;  hence  [a]^  »  +37*2.  A  second  estimation  gave  +37*9  and  the  mean  is  taken, 
+37.5^ 

^  Ann,,  a7o»  64  (1892). 

•/Wd,  288, 139  (1895). 
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l-RJbonic  amide  was  prei>ared  from  ammonia  and  the  lactone.  The  latter  was 
pfepared  from  arabonic  add  by  rearrangement  on  heating  with  pjrridine,  according  to 
Fischer*  and  Piloty's  directions.  The  amide  was  recrystallized  twice  from  90%  alcohol 
and  dried  at  70**  for  several  hours.  M.  p.  137-8'-  0.8450  g.  of  substance  in  25  cc. 
aqueous  sohttion  rotated  i.ii**  to  the  left  in  a  2  dcm.  tube;  hence  [af^  "  — 16.4. 
Weerman  found  m.  p.  136-7*  and  [«1^  —  — 15.7. 

<^Mannosaccharic  diamide  was  prepared  according  to  Fischer's'  directions  by 
disserving  pure  <^mannosaccharic  dilactone  in  strong  ammonia  water,  filtering  off  the 
crystalline  precipitate  and  washing  it  with  alcohol  and  ether.  It  was  recrystallized 
once  from  water  and  dried  at  70*  for  14  hours.  M.  p.  188-189.5*  with  decomposition. 
0,176s  g.  of  substance  in  50  cc  aqueous  solution  rotated  0.36*  to  the  left  in  a  4  dcm. 
tube;  hence  [a]^  «  — 244,  A  second  estimation  gave  — 24.5.  Fischer  found  m.  p. 
189*. 

d-Saccbaric  diamide  was  prepared  by  the  interaction  of  diethyl  ({-saccharic  ester 
and  ammonia,  following  Heintz's*  directions.  It  was  recrystallized  twice  from  alcohol 
and  dried  at  100**  for  5  hours.  M.  p.  172-3^  0.8572  g.  of  substance  in  50  cc  aqueous 
sdntion  rotated  0.91*  to  the  right  in  a  4  dcm.  tube;  hence  [a]^  «  +i3-3'- 

Wasbxhoton,  D.  C.  * 


(CONT&IBUnON  FROM  THB  ShBFFISU>  ChBMICAL  LABORATORY  OF  YaLB  UnTVERSITY.  ] 

RESEARCHES  ON  PROTEINS.    VI.    THE  DESTRUCTIVE  DIS- 
TILLATION  OF  FIBROIN. 

[preliminary  paper.] 
By  Treat  B.  Johnson  and  Peter  G.  Daschavsky. 

Received  June  7»  1919. 

This  preliminary  report  of  an  investigation,  now  in  progress  in  this 
laboratory,  is  made  in  order  to  announce  our  intention  of  incorporating 
in  our  Researches  on  Proteins  the  study  of  the  products  of  decomposi- 
ti<m  when  silk  fibroin  is  subjected  to  destructive  distillation  in  vacuo. 
The  research  will  not  be  completed  for  several  months,  but  in  the  light  of 
the  recent  work  of  Pictet  and  Cramer*  on  the  destructive  distillation  of 
ovalbtnnin  it  seems  necessary  to  make  known  at  this  time  our  activity 
in  this  same  field  of  research. 

Very  little  is  known  regarding  the  nature  of  the  products  of  decomposi- 
tion which  are  formed  by  the  distillation  of  protein  material.  While 
much  attention  has  been  paid  to  the  chemistry  of  coal  distillation  and 
also  destructive  distillation  of  wood  and  cellulose  material,  so  far  as  the 
writers  are  aware,  no  important  literature  has  been  contributed  dealing 
with  the  dry  distillation  of  proteins  outside  of  that  bearing  on  the  pro- 
duction of  Dippd's  oil  by  distillation  of  bones.  The  only  publications 
available  to  us  which  contribute  any  data  on  this  subject  are  those  of 

» Ber.,  24, 4214  (1891). 

•  Ibid,,  24, 539  (1891). 

*Poti.  AfM,,  1059  311  (1858). 

^Hdw.  Chm,  Acte,  a,  188-195  (1919);  C.  A.,  io»  1076  (1919). 
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Limpricht^  and  Wniiams'  describing  the  distillation  of  horn  and  wool, 
respectively,  in  the  presence  of  potash.  In  both  cases  the  only  organic 
combinations  that  were  definitely  identified  among  the  products  of  dis- 
tillation were  carbon  dioxide  and  several  aliphatic  bases,  namely:  ethyl, 
butyl  and  amyl  amines.  These  combinations  undoubtedly  resulted  as 
normal  products  of  decomposition  of  the  corresponding  o-amino  adds 
present  in  the  protein  molecule. 

R.CH(NH0COOH  — >  CO,  +  R.CHjNHj. 
Later  in  1885  Mills*  subjected  wool  to  dry  distillation  at  ordinary  pressure 
and  identificxl  as  products  of  decomposition,  hydrogen  sulfide,  water  and 
ammonium  carbonate. 

Silk  fibroin  was  selected  for  our  investigation  for  three  reasons.  In 
the  first  place  the  protein  is  available  in  large  quantities  and  can  be  ob- 
tained in  a  very  pure  condition.  Secondly,  it  is  one  of  the  protein  com- 
binations which  is  free  from  sulfur,  and  thirdly,  it  is  characterized  by 
its  amino  add  composition.  60%  of  this  protein  molecule  is  composed 
of  three  amino  adds,  namdy,  glycocoll,  alanine  and  tyrosine;  these  three 
adds  constituting  about  33%,  16%  and  10%,  respectivdy,  of  the  fil^'oin 
molecule.  Whether  a  careful  study  of  the  products  formed  by  destruc- 
tive distillation  of  proteins  in  general  will  contribute  data  throwing  new 
light  on  the  molecular  construction  of  these  substances  remains  to  be  de- 
termined, but  it  is  true  that  fibroin  is  an  excellent  protein  for  experimenta- 
tion on  account  of  its  unique  composition. 

Our  method  of  experimentation  has  been  to  distil  fibrdn  from  an  iron 
retort  or  pipe  so  constructed  that  the  latter  can  conveniently  be  heated 
at  a  high  temperature  on  an  ordinary  combustion  furnace.  Ordinary 
iron  pipe  of  5'  diameter  has  proven  very  practical  for  this  operation. 
Having  charged  the  retort  with  a  known  quantity  of  silk,  it  is  then  con- 
nected by  the  necessary  cooling  and  absorption  apparatus  with  a  Cenco 
vacuiun  ptunp,  which  is  sufl&dently  eflSdent  to  evacuate  the  sjrstem  em- 
ployed in  our  work.  We  first  operated  with  a  unit  of  200  g.  of  fibroin 
(silk  noils),  but  we  finally  increased  this  to  1600  g.,  which  we  found  to 
be  a  very  convenient  and  practical  imit  for  laboratory  operations.  Work- 
ing under  these  conditions,  we  .have  successfully  distilled  several  kg.  of 
silk  fibroin,  and  the  products  of  distillation  are  now  being  studied  in 
order  to  determine  the  rdative  quantities  formed,  the  compositions  and 
the  characteristic  properties. 

When  distilled  in  vacuo  (25-27  mm.)  silk  fibroin  affords  about  43%  of 
its  wdght  in  the  form  of  a  red  oil  distillate,  41%  in  the  form  of  silk  car- 
bon or  coke  and  16%  in  the  form  of  volatile  and  gaseous  products  which 

*  Ann,  Pharm.,  xox,  297  (1S57). 
*Ibid.,  109,  127  (1S58). 

*  /.  Soc,  Chem.  Ind.,  4,  325  (1885). 
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are  absorbed  by  sodium  hydroxide  solution  and  sulfuric  add.  The  quantity 
of  red  oil  distillate  obtained  varies  from  660  to  790  g.  per  1600  g.  of  fibroin, 
depending  apparently  to  a  large  degree  upon  the  pressure  maintained 
during  distillation  of  the  protein.  Thus  far  the  only  fraction  which  has 
received  careful  attention  by  us  is  the  red  oil  distillate  which  is  now  under 
investigation.  This  is  strongly  ammoniacal  and  contains  a  large  propor- 
tion of  water  besides  organic  substances  of  phenolic  character. 

We  desire  to  report  now  on  the  isolation  and  identification  of  phenol 
among  the  components  of  this  red  oil  distillate.  This  was  separated 
in  the  following  manner:  An  aliquot  part  of  the  oil  distillate  was  sub- 
jected to  steam  distillation  to  remove  the  phenol  and  the  latter  then  ex- 
tracted from  the  steam  distillate  with  ether  and  finally  distilled  tmder 
diminished  pressure.  We  obtained  an  oil  boiling  from  48-58**  under  a 
pressure  of  3  nmi.  This  product  was  redistilled  at  ordinary  pressure 
and  finally  washed  with  a  10%  solution  of  sodiiun  hydroxide  to  separate 
it  from  non-phenolic  combinations.  An  oil  having  a  pyridine  odor  was 
obtained  here  insoluble  in  the  alkali.  On  acidifying  the  alkaUne  solution^ 
after  separating  from  insoluble  oil,  the  phenol  separated  at  once  and  was 
extracted  with  ether  and  again  purified  by  distillation.  It  distilled  as  a 
colorless  oil  boiling  at  182.5-185°  at  ordinary  pressure.  This  product 
possessed  all  of  the  characteristic  properties  of  carbolic  add,  namdy, 
odor  and  solubility  in  alkali  and  water,  and  it  also  gave  the  characteristic 
color  test  with  ferric  chloride.  It  reacted  with  bromine  and  nitric  add 
to  give  the  characteristic  insoluble  tribromophenol,  C«Hs(OH)Brg  (m.  p. 
89®),  and  picric  add,  C«Hj(OH)(NOt)»  (m.  p.  122**),  respectivdy. 

Whether  cresol  is  one  of  the  products  of  distillation  of  fibroin  has  not 
yet  been  established.  Both  of  these  two  phenols  might  result  from  the 
breaking  down  of  tyrosine  in  the  protein  molecule.  Quantitative  experi- 
ments will  be  made  in  order  to  determine  what  portion  of  the  t3rrosine  in 
OH  OH  OH 


0-0 


CH,.CH(NH0COOH  *  CH, 

the  protein  molecule  breaks  down  by  distillation  in  this  manner.  It 
will  also  be  of  interest  in  this  connection  to  subject  polypeptide  combina- 
tions of  tyrosine  to  dry  distillation  in  vacuo, 

Nsw  Havsm,  Comf. 
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NEW  BOOK. 

Helvetica  Chimica  Acta,  Vol.  I,  No.  i.  Editors:  E.  Bosshard,  Fr.  Fichtbr,  Ph.  A. 
GuYE,  A.  PicTET,  H.  RuPB,  A.  Wernbr.  Published  by  the  Swiss  Chemical  Society. 
Issued  by  George  &  Company,  Basel  and  Geneva. 

This  new  chemical  periodical  represents  the  response  of  Swiss  chemists 
to  the  present  world-wide  wave  of  nationalism.  Ph.  Guye,  President  of 
the  Swiss  Chemical  Society,  in  the  Foreword  of  the  first  volimie,  points 
out  the  necessity  of  some  such  Joiu-nal  for  his  Society,  now  (19 18)  seven- 
teen years  old.  He  also  gives  the  interesting  information  that  during 
19 14,  380  articles  on  chemical  subjects  emanated  from  Swiss  laboratories. 
Some  22  Swiss  chemical  manufacturing  firms  have  established  a  guarantee 
fimd  to  insiure  the  financial  success  of  this  ventiu-e.  The  articles  in  this  . 
jotunal  are  to  be  in  the  three  official  languages  of  the  coimtry,  namely, 
French,  German  and  Italian. 

The  first  nmnber  contains  articles  by  several  of  Switzerland's  most  dis- 
tinguished chemists,  and  establishes  a  high  standard  of  excellence,  as  can 
be  seen  in  the  following  table  of  contents: 
A.  Werner:    A  New  Variety  of  Isomerism  in  Compounds  of  Cobalt  and  Compounds 

Containing  Asjrmmetric  Cobalt  and  Carbon. 
Ph.  a.  Guye  and  Frttz  ScHNEmER :    Reduction  of  the  Oxides  of  Nitrogen  to  Ammonia ; 

the  Stability  of  Nitrogen  Dioxide. 
Th.  Gassaman:    The  Occurrence  of  Hsrdrogen  Selenide  in  Rain  and  Snow. 
A.  Werner  and  P.  Karrer:    Nitroso-Pentammine  Cobaltic  Salts. 
A.  Werner  and  Soph.  Matissen  :    On  the  Constitution  of  Internally  Complex  Metallic 

Salts. 
Alfred  BerThoxtd:    Determination  of  the  Surface  Tension  and  Critical  Density  of 

Ammonia. 
Aicg  PicTET  AND  Jean  Sarasin:    On  the  Distillation  of  Cellulose  and  Amidon  under 

Reduced  Pressure. 

The  printing,  paper  and  general  appearance  of  this  pmodical  are  ex- 
cellent, and  cannot  but  provoke  our  admiration  and  indeed  envy. 

We  congratulate  the  Swiss  Chemical  Society  and  the  Board  of  Editors 
on  this  first  niunber  of  "Helvetica  Chimica  Acta"  and  welcome  this  new 
addition  to  the  chemical  literature  of  the  world.  May  it  serve  to  give 
wider  attention  and  recognition  to  the  work  of  Swiss  chemists,  and  thus 
help  to  accelerate  the  forward  progress  of  oiu-  Science. 

Arthur  B.  Lamb. 
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THE  SINGLE  DEFLECTION  METHOD  OF  WEIGHING. 

By  Paui.  H.  M.-P.  Brinton. 

Recdved  Pebrttary  19,  1918. 

Of  the  routine  manipulations  required  in  chemical  anal3rsis  few  are 
more  important,  and  at  the  same  time  more  tedious,  than  the  operation 
cf  weighing,  and  any  shortening  of  the  time  necessary  for  this  would  be 
a  great  help.  Routine  analysts  usually  find  short  cuts,  but  the  research 
worker  who  carries  though  his  analyses  with  a  different  end  in  view,  and 
gives  less  thought  to  simplif3dng  manipulative  details,  frequently  wastes 
mudi  time  and  patience  in  the  use  of  the  balance.  The  method  described 
in  this  paper  has  been  adopted  after  exhaustive  tests  as  to  its  reliability 
and  rapidity,  and  it  seems  only  fair  to  oflFer  to  others  the  advantage  of 
the  great  saving  of  time  which  this  system  effects,  without  the  saoifice 
of  essential  accuracy.  The  method  was  brought  to  the  writer's  attention 
a  number  of  years  ago  by  Dr.  F.  N.  Guild,  of  the  University  of  Arizona, 
who  had  used  it  for  many  years,  but  could  not  give  the  source  from  which 
it  originally  came.  So  far  as  can  be  learned,  the  procedure  has  never 
been  described  in  book  or  jotunal,  with  the  exception  of  a  short  paper  by 
Turner.^  It  is  believed  that  the  method  is  almost  unknown,  and  is  used 
in  very  few  laboratories.  Those  who  have  heard  the  method  mentioned 
probably  r^ard  it  with  the  same  scepticism  as  did  the  writer,  who  refused 
1  Chmmst-Anaiyst,  January,  1916. 


Digitized  by 


GooQle 


1 1 52  PAUL  H.   M.-P.   BRINTON. 

to  even  try  it  for  lo  years,  so  unorthodox  did  the  system  appear;  and  so 
little  faith  did  he  have  that  any  degree  of  accuracy  was  obtainable  by  so 
simple  a  procedure. 

The  method  is  carried  out  as  follows :  The  balance  is  given  a  permanent 
overload  on  the  left  arm  by  screwing  the  adjusting  nut  on  one  end  of  the 
beam  tmtil  when  the  beam  and  pans  are  released  the  pointer  will  swing 
out  from  3  to  7  scale  divisions  to  the  right.  The  pan  arrests  must  be  so 
adjusted  that  there  is  no  lateral  vibration  of  the  pans  when  released.  Be- 
fore determining  the  zero  point  the  stability  of  the  pans  is  assured  by 
moving  the  pan-arrest  button  in  and  out  a  few  times.  The  beam  is  then 
freed,  and  the  pans  are  next  released  by  a  gentle,  steady  motion.  The 
pointer  will  swing  out  to  the  right,  and  the  turning  point  of  this  single 
excursion  is  taken  as  the  zero  point.  To  obtain  the  weight  of  any  object 
it  is  only  necessary  to  add  weights  until  the  pointer  is  caused  to  swing 
out  to  the  same  point  on  the  ivory  scale.  The  convenience  and  rapidity 
of  the  method  were  immediately  apparent,  but  grave  doubts  were  enter- 
tained as  to  its  practicability  and  reliability  until  confidence  was  estab- 
lished by  critical  investigation. 

Constancy  of  Deflection. 

A  Becker  aluminum  balance  was  used,  and  4  sets  of  weighings  were 
made,  each  consisting  of  9  observations.  The  deflection  readings  are 
shown  in  Table  I.  The  4  sets  were  made  in  determining  the  sensibility 
of  the  balance  with  empty  pans,  and  with  50  g.  loads,  so  concordance 
between  A  and  D,  and  between  B  and  C,  is  not  to  be  looked  for.  The 
arithmetical  mean  of  each  set  has  been  calculated,  and  also  the  value  of 
d/St  in  which  d  represents  the  maximum  deviation  from  the  arithmetical 
mean  in  each  set,  and  s  the  sensibility  of  the  balance  in  scale  divisions 
per  milligram. 

TABI.B  I. 

Mean.      d/9. 

A 3.7  3.75  3.8  3.75  3.8  3.8  375  3.8  375  377  0.015 

B 8.8  8.8  8.8  8.85  8.75  8.8  8.75  8.85  8.8  8.80  o.oio 

C 8.65  8.7  8.6  8.6  8.6  8.65  8.65  8.65  8.6  8.63  0.0x5 

D 3.6  3.6  3.6  3.6  3.6  3.6  3.6  3.6  3.55  3.60  O.OIO 

It  will  be  seen  that  with  this  balance  the  constancy  of  deflection  fulfils 
the  strictest  demands  of  accuracy,  for  the  values  of  d/s  indicate  that  the 
greatest  error  of  observation  in  this  step  will  probably  not  exceed  0.015 
mg.  The  weighings  were  made  by  an  expmenced  manipulator,  with  a 
splendid  balance,  ideally  situated,  and  with  a  reading  lens  for  observa- 
tion of  deflections.  To  give  the  method  a  more  thorough  trial,  experi- 
ments were  made  with  a  section  of  10  average  students  who  had  never 
handled  an  anal3rtical  balance  (although  3  had  had  a  coturse  in  assaying). 
These  men  were  assigned  to  balances  which  cost  from  $35  to  $75  each, 
selected  at  random  in  the  regular  student  balance  room.    Each  student 
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made  4  sets  of  weighings,  with  5  to  7  obsi&rvations  in  each  set.  The  sensi- 
bilities of  the  balances  registered  from  2 .6  to  4.9  scale  divisions  per  milli- 
gram. In  Table  II  are  recorded  the  values  of  djsy  in  which  <i  was  taken 
as  the  greatest  deviation  from  the  mean  in  any  set  for  each  student. 
The  number  of  readings  by  each  observer  was  from  20  to  28. 

Tabia  U. 

Student 12         3         4         5         67         S         9         10 

dis 0.03    o.io    0.03    0.06    0.06    0.04    0.08    0.06 '  0.03    0.03 

\  From  this  it  is  seen  that  in  the  work  of  entirely  inexperienced  students, 
with  ordinary  balances,  any  error  introduced  through  inconstancy  of  de- 
flection will  probably  not  exceed  o.i  mg.  These  students  had  no  idea 
t^t  their  results  were  to  be  tabulated  for  publication,  and  it  is  certain 
that  further  practice  in  weighing  would  increase  the  accuracy  of  their  ob^ 
servations. 

In  order  to  test  the  effect  of  one's  prejudice  in  favor  of  making  all  subse- 
quent readings  in  any  one  set  agree  with  the  estimate  made  in  the  first 
observation,  the  same  10  students  were  asked  to  read  the  deflection  on 
one  high  grade  balance.  Only  one  student  was  allowed  in  the  room  at 
at  a  time,  so  no  mental  prejudice  was  operative.  The  observations  ex- 
tended over  a  period  of  two  hours,  and  the  deflection  was  determined  at 
intervals  by  the  writer,  whose  readings  are  shown  under  the  asterisks 
in  Table  III.  Each  student  made  5  to  7  observations,  and  in  the  case 
of  only  one  operator  did  a  deviation  from  the  mean  as  great  as  o.  i  scale' 
division  occur.    The  sensibility  of  the  balance  was  5.0. 

Tablb  m. 

Student. ♦1234*56789    10      ♦ 

Deflectum..., 3.7  3.7  3.S  3.7  3.8  3.8  3.8  3.8  3.8  3.8  3.9  3.8  3.85 

From  the  writer's  observations  it  seems  probable  that  the  zero  fx>int 
shifted  a  tenth  of  a  division  or  so  during  the  period,  and  taking  this  into 
account  one  must  be  struck  by  the  concordance  of  the  readings,  tA  11 
experimenters,  10  of  whom  were  inexperienced. 

For  those  trjring  the  method  on  a  very  sensitive  balance  it  is  suggested 
that  attention  be  paid  to  the  effect  of  the  cunrents  of  air,  or  the  lengthen- 
ing of  the  beam,  caused  by  the  heat  of  the  hand  near  one  pan,  for  it  will 
be  found  that  the  first  swing  does  not  always  accord  with  thos^  which 
follow.  This  method  is  so  rapid  that  irregularities  are  easily  detected* 
whidi  would  frequently  escape  observation  by  ordinary  maniptilation. 

The  balance  case  had  be&a  closed  a  long  time,  and  these  deflection 
readings  were  taken: 

3.9  3.9  3.9  3.9  3.9  3.9 

The  hand  was  then  held  15  seconds  near  the  left  pan,  and  as  soon  as 
the  door  had  been  dosed,  the  following  series  of  observations  was  b^^n: 
4.0  3.95  3-9  3.9  3-9 
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The  experiment  was  repeated,  holding  the  hand  near  the  right  pan  for 
15  seconds,  with  the  following  results: 

3.6  3.9  3. 95  3.9  3.95 

It  is  seen  that  with  a  sensitive  balance  a  few  moments  must  be  allowed 
for  abatement  of  jar  and  air  currents,  but  equilibrium  is  soon  re-estab- 
lished. This  is  not  to  be  construed  as  a  criticism  peculiar  to  this  particu- 
lar method,  for  it  will  be  understood  that  the  same  precaution  is  necessary 
with  any  system  of  weighing. 

Behavior  with  Various  Loads. 
Two  faults  frequently  found  in  balances,  especially  in  those  of  cheaper 
grade,  are  varying  sensibility  under  increasing  load,  and  inequality  in 
the  lengths  of  the  two  lever  arms.  It  is  evident  that  both  these  conditions 
would  influence  the  accuracy  of  absolute  weighings  by  the  single  deflec- 
tion method,  but  in  nearly  every  instance  in  analytioEd  work  the  weigh- 
ing consists  in  comparing  the  weight  of  an  empty  vessel  (watch  glass, 
crucible,  or  dish)  with  that  of  the  same  vessel  containing  at  most  a  few 
grams  of  sample  or  ignited  precipitate.  Manifestly,  then,  the  error  intro- 
duced by  var3dng  sensibilities,  or  by  inequality  of  arms,  would  be  n^ligi- 
ble  in  nearly  all  cases  of  analytical  practice.  The  method  has  been  suc- 
cessfully used  by  students  in  calibrating  weights  by  the  method  of  Richards,  ^ 
and  a  few  hours  only  are  required  by  even  a  b^g^inner  for  the  calibration 
of  a  full  set  of  weights. 

Precautions  and  Limitations. 

The  single  deflection  method  of  weighing  cannot  be  used  with  those 
types  of  balances  in  which  the  beam  and  pan-arrests  are  all  released  by 
one  operation,  as  by  the  turning  of  one  milled  head  or  lever;  and  it  has 
occasionally  been  fotmd  that  a  balance  of  the  correct  general  type  has 
failed  to  give  concordant  readings  in  successive  weiglungs.  In  nearly 
every  instance  it  has  been  found  that  these  balances  failed  to  3deld  con- 
cordant weighings  by  any  other  method. 

The  pan-arrests  must  be  dean  and  adjusted  to  the  proper  height.    A 
little  alcohol  will  remove  any  grease  which  might  tend  to  cause  sticking . 
of  the  pan-arrest  to  the  bottom  of  the  pan. 

A  little  experience  with  a  particular  balance  will  soon  show  one  just  how 
far  the  method  can  be  trusted  with  that  instrument.  With  the  balance 
habitually  used  by  the  writer,  which  has  an  unvar3ring  sensibility  with 
loads  up  to  50  g.,  the  method  is  regarded  as  suitable  to  work  of  the  very 
highest  accuracy.  It  is  realized  that  the  error  of  a  single  observaticm 
should  be  greater  than  that  of  the  mean  of  3  or  5  observations,  but  it  may 
be  pointed  out  that  it  is  much  easier  to  read  with  the  highest  accuracy 
when  the  swing  is  to  one  side  only,  and  does  not  cross  a  center  point. 
1  This  Journal,  aa,  144  (1900). 
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FurthemiQre,  the  chance  for  lapse  of  mental  concentration  and  attention 
IS  greatly  diminished  in  the  single  deflection  method.  In  work  of  great 
importance  the  weighing  can  be  checked  by  a  second  weighing  in  less  time 
than  is  needed  for  one  weighing  by  the  conventional  methods. 

It  is  certainly  not  advisable  to  teach  this  method  to  students  as  their 
sole  equipment  for  weighing  operations,  for  a  number  of  good  balances 
cm  the  market  are  of  the  "single  release"  type;  but  with  proper  emphasis 
on  the  limitations  of  the  process  the  single  deflection  method  can  be  given 
to  students  with  great  benefit.  An  analyst  who  will  weigh  out  a  3-g. 
sample  of  steel,  for  determination  of  phosphorus,  with  an  accuracy  greater 
than  within  one  mg.,  has  little  greater  chance  of  success  in  the  world  than 
he  who  win  weigh  out  a  0.2-g.  sample  of  copper  foil,  for  standardizing, 
with  an  acuracy  less  than  within  i  mg. 

TucaoM.  AuzoMA. 


[CONtSIBUTION  ntOM  THM  KSNT  ChSMICAL  LABORATORY  OF  THM  UnIVBRSITY  09 

Chicago.  | 

INTERMEDIATE  AND  COMPLEX  IONS.    V.    THE  SOLUBILITY 

PRODUCT  AND  ACTIVITY  OF  THE  IONS  IN 

BI-BIVALENT  SALTS,^ 

By  WnxiAM  D.  Harkins  and  H.  M.  PAnm. 

Received  October  3.  1918.* 

The  first  evidence  which  indicates  that  all  saUs  which  give,  on  complete 
ionization,  3  or  more  ions,  ionize  in  steps  in  such  a  way  as  to  give  inter- 
mediate ions,  was  presented  by  Harkins'  in  191 1.  The  earlier  idea  was 
that  intermediate  ions  are  present  in  aqueous  solution  of  some  of  the  salts 
of  higher  types,  but  not  in  all  cases.  Thus  Abegg  and  Spencer,*  in  1905, 
considered  that  thallous  oxalate  gives  rise  to  an  intermediate  ion,  but 
potassium  oxalate  does  not,  while  in  191 1  Jellinek^  concluded  that  inter- 
mediate ions  are  present  in  solutions  of  soditun  sulfate,  but  not  when 
potassium  sulfate  is  the  solute.  Such  salts  are  mercuric  chloride,  cad- 
mium diloride,  and  lead  chloride  were  commonly  believed  to  give  inter- 
mediate ions,  but  the  more  ordinary  salts  were  in  general  supposed  to 
ionize  in  one  step  or  else  to  give  only  a  negligible  fraction  of  intermediate 
ions.  Perhaps  the  strongest  evidence  in  favor  of  ionization  in  one  step 
^  This  series  of  papers  was  begun  by  the  senior  author  in  the  Research  Laboratory 
of  Physical  Chemistry  of  the  Massachusetts  Institute  of  Tedmology  and  has  been 
continued  in  the  laboratory  of  the  University  of  Chicago  with  the  consent  of  Professor 
A.  A.  No3res. 

*  Revised  manuscript  received  April  21,  1919.    The  paper  was  completed,  except 
for  minor  changes,  in  June,  1914. 

'  Tms  JouKNAi,,  33,  1836-72(1911);  Harldns  and  Pearce,  Ibid.,  37,  2679  (1916). 

*  Z.  anorg.  Chem,,  46,  406  (1905). 
•/M^,  76,309  (1911). 
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was  found  in  the  fact  that  in  solutions  of  uni-bivalent  salts  the  transference 
number  is  independent  of  the  concentration.  The  work  of  Harkins  in- 
dicates, however,  that  the  percentage  of  intermediate  ion  is  not  negligible, 
but  for  salts  of  the  type  of  potassium  sulfate  is  18%  for  o.oi  N  soluticms, 
35%  &t  o.  I  N,  and  rises  to  46%  in  a  normal  solution,  these  being  the  per- 
centages for  the  KS04^  ion. 

In  a  study  of  the  solubility  of  tmi-bi valent  salts  it  was  found  that  ^ereas 
the  addition  of  a  salt  with  a  common  tmivalent  ion  decreases  the  solu- 
biHty  of  the  imi-bivalent  salt  very  greatly,  just  as  woidd  be  expected,  the 
addition  of  a  salt  with  a  common  bivalent  ion  has  an  entirely  different 
i^ect  from  what  had  previously  been  supposed.  ^In  other  words,  the 
solubility  curve  in  the  latter  case,  at  least  where  tEe  saturating  salt  has  a 
solubility  of  0.05  iV  or  more,  has  another  form  than  that  which  woidd  be 
predicted  from  the  solubiUty  product  principle  upon  the  basis  of  the  usual 
assumptions.  Instead  of  falling  rapidly  as  the  concentration  of  the  added 
salt  increases,  the  solubility  of  the  saturating  salt  decreases^  at  first  slightly 
but  then  increases. 

Wheti  salts  of  the  bi-bivalent  type  are  used  as  saturating  salts  it  is  im- 
possible to  add  a  salt  with  a  common  tmivalent  ion;  but  when  salts  with 
bivalent  common  ions  are  added  to  solutions  of  caldiun  sulfate  (see  Fig.  i), 
the  solubility  curves  have  somewhat  the  same  form  as  when  the  saturating 
salt  is  of  the  imi-bivalent  type.  The  explanation  given  by  Harkins  for 
the  peculiar  solubility  curve  of  the  uni-bivalent  salts,  was  that  it  is  due 
to  the  presence  in  such  solutions  of  a  considerable  perc^itage  of  inter- 
mediate ions  such  as  KSO4",  BaCl+,  etc. 

It  was  found  that  the  presence  of  intermediate  ions  in  solution 
could  also  be  easily  recognized  from  the  slope  of  the  curve  rei»'esenting 
the  solubility  of  the  tm-ionized  part  of  the  saturating  salt  when  the  cour 
centration  of  the  tm-ionized  part  is  calculated  on  the  basis  of  the  usual 
assumptions,  which  are  as  follows:  (i)  That  the  isohydric  principle  is 
valid,  (2)  that  the  usual  method  of  calculating  percentages  ionization  is 
correct,  and  (3)  that  no  intermediate  ions  are  present  in  the  solution. 
Now,  it  happens  that  the  deductions  obtained  by  this  method  of  detecting 
intermediate  tons  hold  in  all  probabiUty  even  if  (i),  the  isohydric  principle 
is  not  valid,  and  (2)  if  the  usual  method  of  calculating  the  percentage 
ionization  is  incorrect.  This  is  true  because  no  use  is  made  of  the  abso- 
lute values  of  the  solubility  of  the  un-ionized  part  of  the  salt  as  calculated, 
and  the  Only  essential  feature  of  the  method  is  a  proper  comparison  of 
the  slopes  of  the  calculated  solubility  curves  for  the  non-ionized  parts  of 
uni-imivalent  and  imi-bivalent  salts.    Thus,  when  calculated  in  the  usual 

>  In  the  case  of  highly  s(^uble  salts  of  this  type  this  initial  decrease  is  absent, 
and  the  curves  have  the  form  which  would  be  expected  if  the  added  salt  had  no  ion  in 
common  with  the  saturating  salt. 
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way,  such  curves  for  the  uni-univalent  salts  slope  rapidly  downward  as 
the  total  ion  concentration  (or  the  concentration  of  the  added  salt)  in- 
creases. Now,  if  similar  curves  are  constructed  for  uni-bivalent  salts,  it 
might  be  expected  that  they  would  have  a  somewhat  similar  form,  and 
this  is  exactly  what  is  found  when  the  added  salts  used  are  such  as  would 
have  Uttle  effect  upon  the  calculated  solubiUty  of  the  un-ionized  part  when 
intermediate  ions  are  present.  The  only  salts  of  this  kind  are  those  with  no 
common  ion.  In  this  case  the  curves  for  imi-imivalent  and  tmi-bivalent  salts 
he  almost  exactly  parallel  (compare  with  Fig.  3).  However,  when  the 
added  salt  contains  a  common  bivalent  ion,  the  curves,  when  calculated 
on  the  basis  of  tl^  third  assumption,  i.  e.,  that  no  intermediate  ions  are 
present,  should  ncwbhow  the  same  slope  if  intermediate  ions  are  present 
in  considerable  quantity.  From  the  diange  in  the  slope  of  the  curve  it 
would  be  possible  to  form  some  idea  of  the  amount  of  the  intermediate 
ion  present,  although  a  quantitative  estimate  can  be  made  much  more 
accurately  by  the  use  of  other  methods.  Now,  if  intermediate  ions  are 
present  in  the  saturating  salt,  the  calculated  solubility  of  the  un-ionized 
part  should  decrease  much  more  rapidly  when  the  added  salt  contains  a 
common  univalent  ion,  and,  on  the  other  hand,  when  a  salt  containing  a 
common  bivalent  ion  is  added,  this  solubility  should  either  decrease  less 
rapidly  or  if  the  relative  number  of  intermediate  ions  is  large,  the  calcu- 
lated solubility  curve  should  rise  instead  of  falling,  and  this  latter  has 
been  fotmd  to  be  the  case  for  tmi-bivalent  salts.  It  will  be  seen  that  this 
method  of  showing  the  presence  of  intermediate  ions,  and  also  something 
of  their  relative  amount,  depends  upon  the  deviation  of  the  calculated 
solubility  curves  from  the  normal  slope,  since  at  least  the  greater  part  of 
the  deviation  is  caused  by  the  false  assumption  that  intermediate  ions  are 
absent. 

When  it  is  realized  that  more  than  half  of  the  salts  commonly  used  are 
higher  type  salts,  it  will  be  seen  that  it  is  important  to  extend  this  in- 
vestigation to  a  study  of  types  still  higher  than  the  uni-bivalent  t3rpe  al- 
ready studied.^  The  next  most  important  type  of  salts  is  the  bi-bivalent; 
and  in  this  type  of  salts  there  is  a  reversion  from  the  tri-ionic 
salts  previously  investigated  to  di-ionic  salts,  which,  with  respect  to  the 
number  of  ions  formed  by  a  simple  ionization,  woidd  seem  to  belong  to 
the  same  type  as  the  di-ionic  tmi-univalent  salts.  Since,  by  their  simple 
ionization  the  bi-bivalent  salts  would  give  the  same  ntunber  of  ions  per 
molecule  it  might  be  expected  that  the  curve  for  the  solubility  of  the  un- 
ionized part  should  be  of  the  same  general  form  as  for  the  tmi-tmivalent 
salts,  provided  that  the  ionization  of  the  bi-bivalent  salts  is  entirely  a 
simple  one. 

^  Harkiiw  and  Pearce,  Tms  Journal,  37>  2679  (1916)  have  shown  that  uni-trivalent 
salts  give  a  large  number  of  intennediate  ions  in  solution. 
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In  view  of  these  interesting  ionization  relations  of  trionic  and  still  higher 
type  salts,  a  study  of  sparingly  soluble  bivalent  salts  was  undertaken 
with  caldum  sulfate  as  a  type  salt  of  this  group.  Its  solubility  and  con- 
ductance were  determined  in  pure  water  and  also  in  solutions  of  various 
concentrations  of  copper  sulfate,  magnesium  sulfate,  and  potassium  ni- 
trate. Density  determinations  were  made  on  all  mixtures  and  all  weigh- 
ings were  corrected  to  vacutun.  In  the  calculations  the  atomic  weights 
for  1 9 10  were  used. 

Preparation  of  Salts  and  Solutions. 

The  water  used  for  this  investigation  had  in  no  case  a  greater  specific  conductance 
than  0.7  X  lo"^  and  the  average  value  in  the  bottles  in  which  it  was  stored  was 
0.6  X  io-«. 

Calcitun  Sulfate. — ^This  salt  was  made  by  the  addition  of  a  very  dilute  potassium 
sulfate  solution  to  to  very  dilute  caldum  chloride  solution.  Kahlbaum's  "Zur  Analsrse" 
salts  were  used  and  the  work  carried  out  in  special  vessels  of  resistance  s^ass.  The 
caldum  sulfate  was  washed  thoroughly  and  rotated  with  several  successive  portioDS 
until  the  conductivity  became  constant.  This  salt  was  preserved  in  glass-stoppered 
resistance  glass  bottles. 

Gypsum. — ^For  comparison  some  very  clear  plates  of  gypsum  were  obtained  from 
Dr.  A.  D.  Brokaw  of  the  Geology  Department. 

Magnesium  Sulfate  — Kahlbaum's  "Zur  Analyse"  salt  was  twice  recrystallized 
from  conductivity  water  and  a  stock  solution  made  up  and  analyzed  by  evaporation  in 
platinum  and  weighing  as  magnesium  sulfate. 

Copper  Sulfate. — Kahlbaum's  "Zur  Analyse"  salt  was  twice  recrystallized  from 
conductivity  water. 

Potassitun  Nitrate. — Baker's  potassitmi  nitrate  was  reaystallized  twice  from 
conductivity  water. 

Methods  of  Analysis. 

Calcium. — Calcium  was  determined  by  careful  precipitation  with  ammonium 
oxalate  from  hot  solution;  after  standing  4r-6  hours,  the  calcium  oxalate  was  filtered, 
washed  with  water  containing  a  little  ammonium  oxalate,  ignited  in  tared  platinum 
crucibles  and  weighed  as  calcium  oxide.  Where  copper  was  present  it  was  removed 
from  a  very  dilute  solution  by  precipitation  with  hydrogen  sulfide.  The  separation 
of  magnesium  from  calcium  presented  difficulties  because  of  the  well-known  fact  that 
the  quantitative  separation  of  small  amounts  of  calcium  from  much  larger  amounts  of 
magnesium  is  unsatisfactory.  The  method  proposed  by  Cameron  and  Bell^  leaves 
much  to  be  desired  from  th?  standpoint  of  accuracy.  A  plate  of  pure  gjrpsum  rotated 
in  25  cc.  of  conductivity  water  showed  a  loss  equivalent  to  ^  solubility  of  2.067  fi»< 
per  1000  g.  solution.  The  solution  from  this  gave  2.083  g.  CaS04  per  1000  g.  of  solu- 
tion by  the  oxalate  method,  while  the  specific  conductance  was  0.00221 15  ohms,  almost 
the  same  as  that  for  the  prepared  salt  (0.0022148).  This  method  was  used  therefore 
only  in  solutions  of  comparatively  high  con  entration  of  magnesium  sulfate.  For 
the  more  dilute  solutions  the  method  proposed  by  Richards,  McCaffery  and  Bisbee* 
was  used. 

Experimental  Methods. 

An  excess  of  the  calcitun  sulfate  was  rotated  with  water  or  solution  of  a  salt  in  a 
500  cc.  glass  stoppered  resistance  glass  bottle  which  had  been  "steamed  out"  and 

*  /.  Phys,  Chem.,  xo,  212  (1906). 

*  Proe.  Am,  Acad.,  36,  375  (1901). 
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thorouglily  seasoned.  The  temperature  was  measured  by  a  thermometer  which  had 
been  compared  with  a  certified  Baudin  thermometer.  For  each  determination  satura- 
tion was  approached  both  from  under-saturation  and  supersaturation.  The  solutions 
were  filtered  in  the  thermostat  and  the  first  50  cc.  rejected,  in  order  to  prevent  errors 
due  to  adsorption.  In  the  experiments  with  copper  sulfate  the  concentration  of  copper 
was  determined  for  each  bottie  separately.  In  the  other  series  solutions  were  care- 
fully made  up  in  calibrated  flasks  from  a  weighed  amount  of  standard  solution.  The 
calcium  sulfate  was  finally  carefully  washed  on  a  platinum  cone  with  a  large  amount 
of  the  solution,  and  quickly  transferred  to  the  bottie,  which  was  then  filled  up  with  solu- 
tion and  rotated  as  usual. 

The  conductivity  measurements  were  made  in  the  usual  way  with  a  roller  bridge 
carefully  standardized.  The  apparatus  was  similar  to  that  used  by  Washburn.^  Great 
care  was  taken  throughout  the  woric  to  exclude  carbon  dioxide  from  the  solutions. 
The  bottles  were  all  filled  with  carbon  dioxide-free  air  and  all  solutions  and  water 
carefully  protected  from  contact  with  the  air  by  soda  lime  trains. 

Experimental  Data. 

The  results  of  the  solubility  determinations  of  calcium  sulfate  in  solu- 
tions of  copper  sulfate  are  given  below  in  Table  I,  in  Potassium  nitrate  in 
Table  lla,  in  magnesitun  sulfate  in  Table  lib,  and  those  for  gypsum  in 
magnesium  sulfate  in  Table  lie. 

The  solubility  of  calcium  sulfate  in  solutions  of  copper  sulfate,  magne- 
sium sulfate,  and  potassitun  nitrate,  together  with  the  conductances  of 
all  of  the  solutions  of  the  pure  salts  and  of  the  mixttu'es,  were  determined 
by  us,  because  none  of  the  previous  work  on  caldiun  sulfate  gave  exten- 
sive enough  conductivity  data  for  otu*  ptupose.  The  solubility  data  are 
plotted  as  tmdotted  lines  in  Pig.  i,  while  the  dotted  lines  represent  the 
work  of  Cameron  with  potassitun  and  soditun  sulfates  as  the  added  salts. 
Other  data  of  a  similar  nattu-e  may  be  f  otmd  in  papers  by  Sullivan'  and  by 
Cameron'  and  his  associates. 

The  curves  in  this  figure,  which  represent  the  addition  of  the  common 
bivalent  ions,  do  not  have  the  form  to  be  expected  when  a  common  ion 
is  added,  in  fact,  as  is  shown  most  clearly  in  Fig.  i,  at  a  very  low  concen- 
tration (o.  15  N)  the  copper  sulfate  curve  changes  to  the  form  to  be  ex- 
pected when  a  salt  with  no  common  ion  is  added,  while  that  for  magnesitun 
sul&te  changes  at  about  0.35  iV.  The  form  of  these  curves  is  somewhat 
the  same  as  that  previously  f otmd  when  a  salt  with  a  common  bivalent 
ion  is  added  to  a  solution  in  which  the  sattu-ating  salt  is  unibivalent  and 
has  a  solubiUty  of  0.07  iV  or  more.  The  principal  difference  is  that  the 
initial  solubility  drop  is  greater  in  the  case  of  the  bi-bivalent  salts.  This 
change  in  the  form  of  the  curves  representing  the  common  ion  effect  has 

*  This  Journai,,  35, 177  (1913)- 

*  Ibid,,  27^  SS2  (1905). 

*  Cameron  and  Seidell,  /.  Phys.  Chem.,  5,  643-55  (1901);  Cameron,  Ibid,,  5, 
56  (1901);  Seidell  and  Smith,  Ibid.,  8,  493  (1904);  Cameron  and  Bell,  This  Journai,, 
a8|  1220  (1906);  Cameron  and  Bell,  /.  Phys.  Chem.,  xo,  212  (1906);  Cameron  and 
BreMakt  Ibid,,  8|  337-40  (1904). 
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TaBLS  in.~HQUIVAUSNT  CONDUCTANC9  OF  MAONBSIUU  SuUBATB  AT  l8^  AND  AT  25^. 
.   (CONCBNTRATIONS  IN  BlJUIVAUINTS  F8R  LlT^R,  CONDUCTANCB 

IN  Rbcifrocal  Ohms.) 

Concentration.  Aig*.  A/A^.  A25«.  A/A^. 


.0,00 

135.0 

lOQ.OO 

"44 

100.00 

0.00050635 

123.3 

91.33 

104.7 

91.52 

0.0010047 

117.4 

86.96 

100. 1 

87.50 

o.db20094 

no. 8  . 

82.08 

94.67 

82.75 

0.605023 

99^0 

73.33 

84.35 

73.73 

o> 010047 

88.85 

65.82 

76.15 

66.56 

0.020094 

78.98 

58.50 

67.23 

58.77 

0.050235 

66.05 

48.93 

56.54 

49  37 

0.10047 

57.79 

42.81 

49.58 

43.34 

.Q.  20094 

49.82 

36.90 

43.12 

37.69 

.  0.50235 

40.72 

30. 16 

35.25 

30.81 

:  1.0067 

33.37 

24.72 

28.81 

.  25 . 18 

Tabls  IV.— Conductancr  of 

Causum  Suutats  Soi^mnoNS. 

(a)  AT  25 

'.  BqulTalents 
per  liter  X  10».  . 

Bpedfic  conduc- 

A. 

^\ 

tance  X10«.    l/ohm.     l/ohm. 

VA.. 

.  0.0 

. . 

140.0 

100.00 

'    0.099955 

1.3657 

136.63 

97.59 

0-19955 

2.650 

132.88 

94.91 

0.49795 

6.343 

127.38 

90.98 

0.9959 

12.104 

121.57 

86.84 

'1.9975 

22.619 

23. 20 

80.86 

0.99720 

5. 01 1 

50.195 

100.15 

71.53 

0.99748 

,10.081 

90.17 

89.45 

63.89 

0.99782 

30.610 

221.48 

72.35 

51.68 

0.999" 

36,408 

252.0 

69.21 

(b)  AT  I8*. 

49.44 

(Hulett) 

0*0 

119.00 

100.00 

, , 

0.10013 

1.1644 

116.28 

97.80 

. . 

0.19986 

2.2670 

113.43 

95.32 

•  • 

0.49871 

5436 

109.0 

91.60 

0.99755 

10.407 

103.82 

87.24 

2.007 

19.446 

97.19 

81.67 

5.023 

43.270 

86.20 

72.44 

0.99895 

iO.096 

77.96 

77.21 

64.88 

0.99897 

Tablb  V. — Conductance  of  Copper  Sulfate  Solutions  at  25®. 


Equivalent 
concentration 

Specific  conduc- 
tance X10».    l/ohm. 

0.025156 

1.7286 

0.050202 

2.9688 

O.IOQ681 

5.0609 

0;^01085 

8.7545 

0.41993 

15.535 

1.9335 

46.082 

A. 
l/ohm. 

86.50 

59.13 

50.56 

43.53 

36.99 

23  83 


0.99950 
I. 0013 

1.0053 
I. 0136 
1.0307 

I. 14645 
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been  shown,  in  previous  papers  of  this  series,  to  be  connected  with  the 
formation  of  complex  ions,  double  salts,  or  intermediate  ions. 

Another  iiulication  of  the  presence  of  intermediate  or  (complex  ions  is 
that  the  solubility  product  as  calculated  from  the  solubility  measurements 
increases  more  raf^y  than  when  sudi  ions  are  absent.  This  is  because 
the  calculations  of  the  ionization  count  a  part  of  the  material  present  as 
intermediate,  as  being  in  the  form  of  simple  ions,  and  since  the  concen- 
tration of  the  intermediate  ion  increases  rapidly  with  the  concentration. 
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Equivalents  per  liter  of  added  salt. 
Fig.  I. — Solubility  of  calcium  sulfate  in  solutions  of  other  salts.  Note  that  the  solu- 
bility decrease  when  the  concentration  of  the  added  salt  is  only  o.i  equiva- 
lents is  very  much  less  than  corresponds  to  the  solubility-product  principle. 
At  higher  concentrations  the  curves  take  on  the  form  of  non-common  ion 
curves. 

this  leads  to  an  apparent  rapid  increase  of  the  solubility  product.  *It 
has  been  shown  in  a  former  paper  that  when  accotmt  is  taken  of  the  in- 
termediate ions  in  solutions  of  uni-bivalent  salts,  the  solubility  product 
as  calculated  becomes  much  more  constant.  Pig.  2  indicates  that  the  solu- 
bility product  of  a  bi-bivalent  salt,  calculated  on  the  usual  assumption 
that  intemediate  and  complex  ions  are  absent,  increases  with  extreme 
rapidity  as  the  concentration  of  the  solution  (the  total  ion  concentra- 
tion) increases.    Thus,  when  copper  sulfate  is  the  added  salt,  the  solu- 
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bility  product  is  increased  to  more  than  3  times  its  smallest  value  befcnre 
the  total  ion  concentration  has  reached  o.i  JV,  -so  the  apparent  actmty 
of  the  bivalent*  ions  decreases  very  rapidly  with  increasing  ion  concentra- 
tion.   It  is,  of  course,  possible  that  the  whole  of  such  a  very  rapid  increase 

7.0 


20  40  60  80  100  120 

Total  ion  concentration  (S*)  in  miUi-equivalents. 
Fig.  2. — The  solubility  product  for  uni-univalent,  uni-bivalent,  and  bi-bivalent  salts, 
calculated  on  the  assumption  that  intermediate  ions  are  absent. 

in  the  solubility  product  of  salts  of  this  class,  cannot  be  explained  hy  the 
assmnption  of  the  existence  of  complex  ions. 

The  solubiUty  of  the  tm-ionized  part  of  the  salt  as  calculated  oh  the  asr 
sumption  that  intermediate  ions  and  other  complexes  are  absent  (Pig.  3) 
is  much  more  constant  than  it  was  found  to  be  for  uni-tmi-  and  uni-bi- 
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valent  salts,  except  in  the  more  concentrated  solutions  in  which  copper 
sul&ite  is  the  added  salt.  The  change  in  the  slope  of  these  curves  as  com- 
pared with  those  for  the  uni-univalent  salts,  is  in  the  same  direction  as 
that  for  uni-bivalent  salts  when  the  common  bivalent  ion  is  added,  that  is 
the  change  in  slope  is  in  the  direction  to  be  expected  if  intermediate  ions 
are  present 


1.4  1.6 

Log.^  total  ion  concentration  Zs. 
Concentrations  in  mUli-equivalents. 
Fig-  3.— The  concentration  of  the  un-ionizcd  part  of  uni-univalent  (TlCl),  uni-bivalent 
(Ba(lOi)s,  Ba(BrOt)t,  Ag^SOi,  PbCU)  and  bi-bivalent  (CaS04)  salts  in  their 
saturated  solutions  in  the  presence  of  other  salts,  calculated  on  the  in- 
correct consumption  that  intermediate  ions  are  absent. 

'  The  curves  for  barium  iodate  should  be  Un  squares  lower  down  and  five  squares 
further  to  the  left.  Note  how  closely  these  curves  parallel  those  for  barium  bromate  in 
spite  of  their  large  displacement. 
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It  is  to  be  specially  noted  that  most  of  the  results  described  above  were  ob- 
tained in  dilute  solutions,  that  is  bdow  o.i  N  total  ion  concentratioiit 
and  that  therefore  they  are  not  to  be  considered  from  the  standpoint  of 
much  of  the  work  in  the  literature  in  regard  to  the  formation  of  double 
or  complex  salts  in  concentrated  solutions.  The  formation  of  these 
latter  double  and  complex  salts  is  highly  specific,  while  that  for  which 
evidence  is  obtained  in  this  paper  will  tmdoubtedly  be  found  to  be  gen- 
eral, just  as  the  similar  behavior  of  uni-bivalent  salts  described  in  the  first 
paper  of  this  series,  was  later  proved  to  be  perfectly  general. 

As  has  been  suggested  in  the  first  part  of  this  paper,  a  large  part  of  this 
abnormal  behavior  of  bi-bivalent  salts  would  be  only  apparent  if  complex 
bivalent  ions  are  formed.    These  would  have  the  form 


ySO«-                       /Ca+                        /Ca+ 
Ca<                          SOZ                         S0«< 

^^604-                 N::a+                 \Mg+ 

<: 

/Mg+           /Cu+           /SO4-           ysor 

SO/                  S04<                 Mg<                   Cu< 

\Mg+           N:u+           ^so«-           ^so4- 

<: 

and  would  fotm  salts  of  a  ring  structure: 

yS04v  y^«\  /^<\  yS04K 

a<^         >Ca  Cu^^        yCsi  CuC         >Cu  Cu<C 

^SO/  ^^SO/  ^SO/  ^S04K 


Since  the  formation  of  such  intermediate  ions  or  ring  or  double  salts 
stores  the  materials  in  forms  in  which  they  do  not  enter  into  the  primary 
equiUbrium  between  the  solid,  the  un-ionized  part  of  the  salt  consisting 
of  single  molecules,  and  the  ordinary  ions,^  it  increases  what  is  called  the 
solubility  of  the  salt  by  approximately  the  amount  of  the  material  put 
into  such  forms.  This  is  similar  to  the  increase  in  the  solubility  of  a  salt 
by  metathesis.  The  complex  ions  do  not  enter  into  the  simple  solubility 
product  equilibriiun,  as  it  actually  is,  but  since  they  carry  the  current, 
they  make  the  apparent  ntunber  of  simple  ions  greater  than  accords  with 
the  facts,  so  that  the  solubility  product  calculated  on  the  basis  of  the  ap- 
parent munber  instead  of  the  real  number  of  simple  ions,  comes  out  too 
large,  and  since  the  number  of  intermediate  ions  increases  rapidly  with 
the  concentration,  the  apparent  solubility  product,  also  increases  very 
rapidly. 

The  equivalent  solubiUty  So  of  a  salt  which  dissociates  in  the  above 
manner  may  be  given  as  follows: 

So  =  2{AB)o  +  4(AtBt)o  +  2{Bo)  +  2(ABA)o  +  ^{BAB)o, 
where  AB  represents  the  munber  of  mols  of  the  tm-ionized  single  mole- 

^  When  this  series  of  researches  was  begun  in  19 10  it  was  the  intention  to  investi- 
gate complex  formation  in  salts  of  the  uni-imivalent  type.  Since  that  time  this  prob- 
lem has  been  taken  up  by  G.  McP.  Smith  and  his  students  in  a  series  of  comprehen- 
sive studies.    See  This  Journai^,  40,  1802  (191 8). 
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cules*  AfBf  of  the  double  molecules,  B  of  the  positive  ion,  ABA  of  the 
negative  intermediate  ion,  and  BAB  of  the  positive  intermediate  ion.  A 
more  complete  analysis  for  the  similar  case  of  a  tmi-bivalent  salt  has  al- 
ready been  given  in  a  former  paper  of  this  series.^ 

In  solutions  of  uni-bivalent  salts,  in  addition  to  intermediate  ions  such 
as  KSO4"",  ions  of  the  type  of  K-S0r-S04~  are  to  be  expected,  while  in 
concentrated  solutions  of  uni-univalent  salts,  there  is  much  probability 
that  double  molecules  such  as  K2CI8,  and  their  complex  or  intermediate 
ions,  K1CI+  and  KCli-  exist. ^ 

While  the  evidence  for  the  existence  of  complex  ions  in  solutions  of 
bi-bivalent  salts  is  neither  so  complete  or  so  perfect  as  that  obtained  in 
solutions  of  uni-bivalent  salts  from  the  standpoint  of  the  solubility  re- 
sults obtained  thus  far,  there  is  an  independent  line  of  evidence  which 
could  not  be  obtained  in  the  latter  case;  that  is  the  mobility  of  the  ions  in 
bi-bivalent  salt  solutions  decreases  rapidly  as  the  concentration  of  the  solu- 
tion increases.  This  change  is  in  the  direction  to  be  expected  if  complex 
ions  are  present.  Such  complex  ions  differ  from  the  complex  ions  usually 
considered  in  the  literature  in  that  the  evidence  points  to  their  existence 
in  dilute  solutions,  just  as  is  the  case  with  intermediate  ions.  In  this  re- 
spect the  complex  ions  considered  in  this  paper  are  more  like  such  inter- 
mediate ions;  and  so  might  well  be  called  intermediate  ions,  since  they  are 
intermediate  between  the  single  and  the  double  molecules  of  the  salt. 

Summary. 

1.  It  has  been  shown  in  former  papers  by  Harkins  and  his  co-workers 
that  salts  of  the  tri-ionic  and  still  higher  types  ionize  in  steps  and  give, 
even  in  o.  i  or  o.  i  AT  solutions,  a  very  considerable  percentage  of  inter- 
mediate ions.  The  present  paper  shows  that  the  solubility  relations  of 
calcium  sulfate  when  common  ions  are  added,  are  very  similar  to  those 
erf  such  higher  type  salts.  This  indicates  the  probability  that  complex 
ions,  such  as  Ca(S04)2 —  and  Ca2S04"*""*"  are  present  in  the  solutions. 
These  complex  ions  differ  from  what  are  usually  considered  imder  this 
designation,  since  they  are  present  to  a  considerable  extent  in  dilute  solu- 
tions, so  in  this  sense  they  are  more  like  intermediate  ions. 

2.  If  it  is  assumed  that  such  complex  ions  are  absent,  the  solubility  prod- 
^  According  to  the  octet  theory  of  Lewis,  lately  amplified  by  Langmuir,  these 

O        O 

aatts  would  have  the  structure  Ca^  yCa  where  each  bond  represents  a  pair 


/\ 


of  electrons,  common  to  two  octets. 
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uct  calculated  on  this  basis  is  found  to  increase  with  great  rapidity  as  the 
concentration  increases;  thus,  if  the  total  ion  concentration  increases 
from  0.02  to  o.io  N  the  solubility  product  is  tripled,  so,  if  only  simple 
ions  are  present  their  activity  decreases  very  rapidly  with  an  increase  in 
concentration.  On  the  other  hand,  the  solubility  fotmd  for  the  un-ionized 
part  on  the  basis  of  this  assumption,  remains  much  more  constant  than  in 
the  case  of  uni-univalent  salts.  The  change  in  the  slope  of  these  curves 
is  in  the  direction  which  is  to  be  expected  if  complex  ions  are  present. 

3.  The  percentage  concentration  of  such  complexes  is  much  higher  in 
copper  sulfate  than  in  magnesium  sulfate  solutions,  at  tlie  lower  concen- 
trations. 

CnCAOO,   Iu,IMOIS. 


[CONTRIBnnON  FROM  THE  RBSBA&CH  LABORATORY  OF  tHS  GBNBRAL  EtSCTRIC  CO.] 

A  NEW  METHOD  OF  CHEMICAL  ANALYSIS. 

By  a.  W.  Huia. 

Received  April  16.  1919. 

Two  methods  of  X-ray  chemical  analysis  are  already  fairly  well  known. 

The  first,  which  may  be  called  X-ray  spectnun  analy^s,  is  the  result 
of  the  classical  experiments  of  Moseley,^  and  consists  in  attaching  the  sub- 
stance to  be  investigated  to  the  target  of  an  X-ray  tube  and  photograph- 
ing its  X-ray  line  spectrum.  The  X  lines  belonging  to  each  element 
are  very  few  in  number  as  compared  with  the  very  large  number  in  the 
visible  spectrum,  and  they  bear  a  simple  relation  to  the  atomic  numbers 
of  the  elements,  so  that  they  can  be  identified  quickly  and  absolutely  by 
comparison  with  standard  tables.  Moseley's  measurements  have  been 
extended  by  Siegbahn'  and  his  collaborators  to  practically  all  known 
elements  of  atomic  weight  greater  than  sodium,  and  the  lines  have  been 
cdlected  in  a  table  for  convenient  reference.*  This  method  is  applicabk 
to  all  substances  which  can  be  attached  to  the  target  of  an  X-ray  tube, 
except  those  in  the  first  row  of  the  periodic  table.*  It  thus  supplements 
visible  spectrum  anal3rsis  in  being  most  easily  applicable  where  the  latter 
is  least  so,  viz.,  to  substances  not  easily  volatilized. 

The  second  method,  which  may  be  called  the  X-ray  absorption  band 
method,  is  due  to  the  discovery  by  Barkla*  of  the  X-ray  absorption  bands 
of  the  chemical  elements.  The  position  of  the  edges  of  these  bands  have 
now  been  measured  accurately  and  tabulated  for  practically  all  the  ele- 

»  Moseley,  Phil,  Mag.,  26,  1024  (1913);  27,  703  (1914). 

*  Siegbahn,  Jahrb,  Radioact.  EUctronik,,  13,  336  (1916). 

s  The  limitation  is  due  to  the  fact  that  no  crystal  is  known  with  atoms  far  enough 
apart  to  act  as  a  grating  for  the  relatively  long  wave  lengths  characteristic  of  these 
first  row  elements. 

*  Phil,  Mag,,  17,  739  (1909). 
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ments  above  zmc^  by  Duane  and  Blake.  The  method  of  analysis  consists 
in  placing  the  substance  to  be  examined,  in  the  fonn  of  an  absorbing  layer, 
either  liquid  or  solid,  in  front  of  an  X-ray  tube,  photographing  the  spec- 
trum, and, comparing  the  absorption  bands  in  the  photograph  with  the 
tabulated  values.  It  is  applicable  to  all  chemical  elements  except  those  in 
the  first  row  of  the  periodic  table. 

Both  of  these  methods  give  evidence  only  of  the  chemical  elements 
present,  and  not  of  their  state  of  chemical  combination.  Both  are  capa- 
ble of  quantitative  as  well  as  qualitative  application.  They  have  the 
advantage  over  older  methods  that  their  results  are  absolutely  unam- 
biguous, since  they  depend  only  on  the  atomic  ntmibers  of  the  elements  in 
question,  and  not  upon  any  of  their  chemical  properties  or  states  of  com- 
bination. The  fact  that  these  methods  have  not  as  yet  come  into  com- 
mon use  is  due  not  so  much  to  any  difficulty  in  their  application,  as  to  the 
fact  that  they  are  new,  and  that  no  problem  of  sufficient  importance  has 
presented  itself  to  warrant  their  rapid  development. 

The  purpose  of  this  paper  is  to  describe  a  third  and  fimdamentally 
different  method  of  X-ray  chemical  analysis.  It  is  simpler  than  the 
other  two  in  that  it  does  not  require  a  spectrometer,  and  it  supplements 
them  in  that  it  gives  evidence  which  they  do  not  supply,  namely,  the  state 
of  chemical  combination  for  each  of  the  elements  present. 

The  method  consists  in  reducing  to  powder  form  the  substance  to  be 
examined,  placing  it  in  a  small  glass  tube,  sending  a  beam  of  monochro- 
matic X-rays  through  it,  and  photographing  the  diffraction  pattern  pro- 
duced. The  only  apparatus  required  is  a  source  of  voltage,  an  X-ray 
tube,  and  a  photographic  plate  or  film.  The  amount  of  material  neces- 
sary for  a  determination  is  one  cubic  millimeter.  The  method  is  applica- 
ble to  all  chemical  elements  and  compounds  which  are  ctystalline  iz^ 
structure.* 

The  arrangement  of  apparatus  is  shown  in  Pig.  i.  T  is  a  transformer 
furnished  with  an  extra  coil  for  lighting  the  filament  of  the  X-ray  tube; 
X  a  Coolidge  X-ray  tube;  F  a  sheet  of  metal,  property  chosen,'  serving 
as  a  filter;  Si  and  St  slits  in  thin  sheets  of  lead;  T  a  thin-walled  tube,  about 
one  mm.  in  diameter,  of  some  light  amorphous  material,  such  as  glass, 
celluloid,  or  collodion,  containing  the  powdered  substance  to  be  tested; 

1  Pkys,  Rev.,  10,  697  (1917). 

*  The  number  of  non-crystalline  solid  substances  is  probably  very  small.  All  the 
scdids  thus  far  examined,  including  many  that  have  been  considered  amorphous,  have 
been  found  crystalline  with  the  single  exception  of  glass. 

*  The  filter  is  chosen  of  such  material  that  it  specially  absorbs  all  wave  lengths 
8h<Mter  than  the  desired  one,  leaving  practically  nothing  but  a  single  intense  Hue,  the 
a  line  of  the  K  series  of  the  anode  material.  The  proper  material  for  the  filter  depends 
upon  the  material  of  the  X-ray  tube  anode.  For  a  molybdenum  X-ray  tube  the  proper 
material  is  zirconium.    For  details  see  Phys.  Rev.,  10,  665  (191 7). 
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and  F  a  narrow  strip  of  photographic  film  bent  over  a  semicircular  strip 
of  brass  or  wood,  concentric  with  T.^ 

The  rays  from  the  X-ray  tube  pass  first  through  the  filter,  which  ab- 
sorbs all  but  a  single  wave  length;  then  through  the  two  slits,  which  con- 


Pig.  I. 

fine  them  to  a  narrow  beam  (about  one  mm.  wide);  then  through  the 
powdered  material,  which  scatters  or  "reflects"  a  very  small  fraction  of 
them;  and  thence  to  the  center  of  the  photographic  film.  An  exposure 
of  one  hour  will  generally  give  all  the  information  desired. 

When  the  film  is  developed  it  shows,  in  addition  to  the  over-exposed 
line  in  the  center,  where  the  dhect  beam  strikes,  a  series  of  other  lines  on 
each  side  of  the  center.    These  lines  are  caused  by  the  "reflections**  of 


Fig.  2. 

the  X-rays  from  the  tiny  crystals  in  the  powder.  Their  distance  from 
the  center  of  the  film  depends  on  the  distance  between  the  planes  of 
atoms  in  the  crystal,  and  there  is  one  line  for  every  important  set  of  planes 
in  the  crystal.  It  is  evident,  therefore,  that  substances  with  different 
crystalline  structure  will  give  entirely  different  patterns  of  lines  (compare, 
for  example,  silicon,  magnesium  oxide,  lithiiun  fluoride.  Fig.  4). 
Substances  of  similar  chemical  natxu-e,  on  the  other  hand,  will  in  general 
*  For  rapid  work  it  is  desirable  to  use  Dupli-Tised  X-ray  film,  and  place  on  each 
side  of  it  a  thin  strip  of  calcium  tungstate  intensifjring  screen. 
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have  sunilar  crystal  structure,  and  give  similar  patterns,  so  that  it  is  often 
possible  to  identify  a  photograph  at  a  glance  as  belonging  to  a  certain 
type  of  element  or  compotmd.  Thus,  lithitun,  sodium  and  potassium 
fluorides,  sodiiun  and  potassium  chlorides,  and  magnesium  oxide  (Fig.  3) 
all  have  the  same  arrangement  of  atoms  in  their  crystals,  and  all  give 
precisely  similar  patterns  of  lines,  the  one  being  simply  a  magnified  image 
of  the  other.  The  magnification  or  spread  of  the  pattern  is  different  for 
each  one,  being  inversely  proportional  to  the  cube  root  of  the  molecular 
volume.  Since  no  two  similar  substances  have  exactly  the  same  molecular 
volume,  it  is  easy  to  distinguish  them,  as  the  difference  is  cumulative  for 


Fig.  3. 

lines  far  from  the  center.^  As  an  example,  the  photographs  of  potassium 
and  sodium  chlorides  which  are  the  nearest  together  of  any  of  the  pat- 
terns thus  far  investigated,  have  been  placed  side  by  side  in  Fig.  3  for 
comparison.  A  further  distinguishing  mark  is  the  relative  intensity  of 
the  different  lines,  which  differs  greatly  even  in  the  most  closely  related 
compounds,  depending  on  the  relative  shapes  and  sizes  of  the  atoms  in 
the  compound.  Thus  lithium  fluoride,  magnesiiun  oxide,  soditmi  fluoride 
and  potassium  chloride  have  precisely  similar  patterns  (Fig.  3),  but  cer- 
tain lines,  as  the  first  and  fourth,  are  very  strong  in  lithium  fluoride, 

>  The  lines  farthest  from  the  center  diverge  even  more  than  the  difference  in  mdec- 
ular  volume,  since  the  cube  root  of  molecular  volume  is  strictly  proportional,  inversely, 
to  the  sim  of  the  angles  of  reflection,  whereas  the  distances  of  the  lines  from  the  center 
are  proportional  to  the  angles  themselves.  The  difference  is  negligible  for  lines  near 
the  center  (small  angles),  but  for  large  angles  the  dispersion  thus  produced  is  very 
large,  so  that  two  exactly  similar  substances  differing  in  molecular  volume  by  less 
than  1%  could  easily  be  distinguished. 
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fairly  strong  in  magnesium  oxide,  barely  visible  in  sodiwn  fluoride,  and 
entirely  lacking  in  potassium  chloride. 

Further  details  concerning  the  theory  of  the  production  of  these  lines, 
and  their  relation  to  the  crystalline  structure  of  the  substance,  will  be 
found  in  the  Physical  Review.^  This  theory  will  not  be  reproduced  here, 
as  it  is  not  essential  to  chemical  analysis,  beyond  establishing  the  facts 
that  every  crystalline  substance  gives  a  pattern;  that  the  same  substance 
always  gives  the  same  pattern;  and  that  in  a  mixture  of  substances  each 
produces  its  pattern  independently  of  the  others,  so  that  the  photograph 
obtained  with  a  mixture  is  the  superimposed  stun  of  the  photographs  that 
would  be  obtained  by  exposing  each  of  the  components  separately  for  the 
same  length  of  time.  This  law  applies  quantitatively  to  the  intensities 
of  the  lines,  as  well  as  to  their  positions,  so  that  the  method  is  capable 
of  development  as  a  quantitative  analysis. 

As  illustrations  of  the  general  type  of  photographs  obtained  with  sim- 
ple compotmds  and  elements,  Fig.  2  shows  two  typical  photographs,  of 
silicon  and  sodium  fluoride,  respectively;  Fig.  3  a  series  of  isomorphous 


Fig.  4. 

alkali  halogens,  illustrating  their  similarity  of  pattern  and  their  differ- 
ences in  spacing  and  intensity;  and  Fig.  4  gives  a  series  of  dissimilar  sub- 
stances, iDustrating  their  different  types  of  pattern. 

As  practical  examples,  two  actual  anal3rses  will  be  described. 
They  are  only  roughly  quantitative,  but  could  easily  be  refined  to  any  re- 
quired accuracy.  In  addition,  they  give  information  which  no  other 
method  of  anal3rsis  can  furnish. 

The  first  anal3rsis  was  of  a  sample  of  sodium  fluoride,  taken  from  stock, 
labelled  "c.  p."  It  was  photographed  in  the  manner  described  and  gave 
the  pattern  shown  in  the  middle  section  of  Fig.  5.  A  sample  of  very  pture 
sodum  fluoride  was  then  prepared  and  photographed,  with  the  results 
shown  in  the  lower  section  of  Fig.  5.  It  is  evident  from  the  correspon- 
*  Phys.  Rev.,  10,  661-696  (1917). 
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denoe  of  the  lines  that  the  unknown  sample  was  sodium  fluoride,  but  that 
it  contained  a  large  amount  of  impurity,  which  one  would  estimate,  from 
the  relative  intensity  of  the  lines,  at  30  or  40%.^    In  order  to  determine 


the  nature  of  the  impurity,  a  series  of  photographs  was  taken  of  substances 
which  were  considered  the  most  probable  constituents,  such  as  soditun 
carbonate,  soditun  chloride,  soditun  hydrogen  fluoride,  etc.  The  pattern 
of  sodium  hydrogen  fluoride  is  shown  in  the  upper  section  of  Fig.  5.  It  is 
evident  at  a  glance  that  it  corresponds  to  the  impurity  in  the  test  sample 
of  sodium  fluoride,  and  a  careful  examination  shows  that  all  the  lines  not 
common  to  the  two  lower  photographs  are  common  to  the  two  upper 
ones.  In  other  words,  sodiiun  hydrogen  fluoride  is  the  only  impurity  that 
is  present  in  appreciable  quantity.  The  amount  present  can  be  roughly 
estimated  from  the  relative  intensity  of  the  lines,  and  this  could  be  made 
into  a  quantitative  method  by  preparing  for  comparison  a  series  of  photo- 
graphs of  mixtures  of  known  composition. 

The  fact  to  be  emphasized,  however,  is  that  this  analysis  shows  that 
the  sample  consisted  of  a  simple  mixtiu'e  of  separate  crystals  of  sodium 
fluoride  and  sodium  hydrogen  fluoride,  and  not  a  mixtiu'e  of  these  with 
a  hydrate,  or  some  more  complex  compotmd.  Information  of  this  kind 
mi^t,  in  some  cases,  be  of  considerable  value,  and  it  can  always  be  ob- 
tained by  this  method. 


Fig.  6. 

The  second  example  is  the  analysis  of  two  samples  of  identical  chemical 

content,  viz.,  33 . 5%  potassium,  19 . 7%  sodium,  16 . 3%  fluorine,  and  30 . 5% 

chlorine.    The  photographs  given  by  these  two  samples  are  shown  to- 

*  This  sample  was  later  titrated  and  found  to  contain  19.2%  P,  which  corresponds 

to  60%  NaHFi. 
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gether,  for  comparison,  in  Pig.  6.    It  is  evident  that  the  two  samples  are 
far  from  being  identical,  in  fact,  that  they  contain  nothing  in  common. 

The  first  of  these  photographs  is  shown  again  in  Pig.  7,  in  comparison 
with  sodium  fluoride  and  potassiimi  chloride,  and  is  seen  to  contain  all 


Fig.  7. 

the  lines  of  both  of  them,  and  no  other  lines.  Hence  this  sample  consists 
of  a  mixture  of  sodiimi  fluoride  and  potassiimi  chloride  (36%  sodium 
fluoride,  64%  potassium  chloride)  and  nothing  else.  To  show  how  con- 
clusive the  test  is,  this  same  sample  is  shown  again  in  Pig.  8  in  comparison 
with  sodium  chloride  and  potassium  fluoride.     It  is  evident  that  neither 


Fig.  8. 

of  these  patterns  is  present  in  the  sample.  The  chance  correspondence 
of  individual  lines  has  no  meaning.  If  a  substance  is  present,  its  whole 
pattern  must  be  present  in  the  photograph,  and  the  relative  intensities 
in  this  pattern  must  be  the  same  as  in  the  comparison  standard.  Thus 
the  absence  in  the  test  photograph  of  a  single  intense  line  of  any  comparison 


Fig.  9. 
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sttbstance  proves  that  none  of  this  substance  is  present,  and  that  any 
other  correspondences  between  the  two  are  mere  chance. 

The  second  sample  is  shown  in  Fig.  9,  in  comparison  with  sodium  chloride 
and  potassium  fluoride,  and  it  is  evident  that  it  consists  of  a  mixture  of 
these  two  salts  (50.2%  sodium  chloride,  49.8%  potassium  fluoride)  and 
fwlhing  else. 

These  examples  are  very  simple  ones.  It  is  possible  to  go  much 
further.  By  narrowing  the  slits  and  using  a  smaller  tube  of  test  material 
very  sharp,  narrow  lines  can  be  obtained,  and  a  mixture  of  several  sub- 
stances analyzed  without  ambiguity.  Ptuthermore,  by  long  exposures, 
so  as  to  greatly  overexpose  the  principal  components  of  a  mixture,  sub- 
stances present  only  in  very  small  amounts  can  be  made  to  show. 

SCHSmCCTADT,   N.   Y. 


[Contribution  ntOM  ths  Dspartmbnt  op  Chemistry,  Univ.  of  California.] 

THE  APPLICABILITY  OF  THE  PRECIPITATED  SILVER-SILVER 
CHLORIDE  ELECTRODE  TO   THE  MEASUREMENT  OF 
THE  ACTIVITY  OF  HYDROCHLORIC  ACID  IN  EX- 
TREMELY DILUTE  SOLUTIONS. 

By  G.  a.  Linhart. 

Received  May  21.  1919. 

A  study  of  the  hydrogen  and  silver-silver  chloride  electrodes  in  aqueous 
hydrochloric  add  has  received  much  attention  in  recent  years  and  the  sub- 
ject has  been  reviewed  in  several  articles  of  recent  date.^ 

In  all  previous  investigations,  however,  measurements  in  solutions  as 
dilute  as  o.oi  M  have  been  subject  to  slight  uncertainty,  and  at  higher 
dilutions  they  have  proved  unreliable.  By  using  a  cell  of  new  design 
capable  of  holding  a  large  amount  of  the  electrolyte,  by  taking  extraor- 
dinary care  in  the  preparation  of  the  materials,  and  by  replacing  the 
customary  electrode  of  silver,  covered  with  chloride  through  electrolysis, 
by  a  mass  of  finely  divided  silver  in  intimate  contact  with  silver  chloride, 
precipitated  metathetically,  it  has  proved  possible  to  obtain  results  of 
high  precision  nearly  to  a  concentration  of  o.oooi  M,  as  described  below. 

The  Preparation  of  Materials* 
The  silver  was  deposited  by  a  current  of  5  to  7  amperes  in  a  cell  consis-. 
ting  of  an  anode  of  silver  and  a  cathode  of  fine  platinum  wire,  dipping 
into  a  solution  of  silver  nitrate.  Under  the  influence  of  this  large  current 
the  silver  gathered  about  the  platinum  wire  in  loose,  spongy  dots,  easily 
loosened  by  a  light  tapping  of  the  wire.  The  silver  so  obtained  was  then 
washed  (the  water  used  throughout  this  investigation  was  prepared  by 

^Lewi8»  Brighton  and  Sebastian,  This  Journal,  399  2245  (191 7);  Noyes  and 
Ellis,  Ibid..  39»  2539  (1917). 


Digitized  by 


GooQle 


1 176 


G.   A.   LINHART. 


redistilling  distilled  water  with  alkaline  permanganate)  and  kept  under 
pinre  water  until  needed.  The  silver  chloride  was  prepared  from  purified 
silver  nitrate  and  hydrochlcwic  add  and  preserved  in  the  dark  under  pure 
water,  remaining  white  indefinitely. 

Description  of  the  Apparatus. 

In  the  cell  represented  by  Fig.  i,^  the  hydrogen  gas  passes  through  the 
bubbler  in  the  direction  indicated  by  the  arrows,  enters  the  cell  via  the 
pin  holes  above  the  silver  chloride,  rises  through  the  solution  up  to  the 
iridized  plate,  and  then  passes  out  through  the  trap.  The  silver-silver 
chloride  electrode  is  shown  at  the  bottom  of  the  apparatus  and  is  connected 

to  a  lead  wire  by  a 
sealed-in  platinum  wire 
,  and  the  coltunn  of  mer- 
cury shown  shaded  in 
the  diagram.  The  hy- 
drogen electrode  is  con- 
nected with  its  terminal 
wire  in  similar  manner. 
In  order  that  the  hy- 
drogen shall  not  come  in 
contact  with  grease,  the 
seat  of  the  glass  stopper 
is  so  made  that  the 
upper  portion  of  the 
finely  grotmd  stuf ace 
may  be  covered  with  a 
film  of  stopcock  grease 
without  contaminating 
the  lower  portion  of  the 
ground  surface.  The 
connection  between  *the 
hydrogen  generator  and 
the  cell  is  made  by  a 
groimd  glass  joint  instead  of  the  customary  glass  seal.  This  modification 
has  been  found  more  convenient  and  quite  as  efficient.  The  whole 
apparatus  was  affixed  to  a  frame  of  asbestos  board  in  order  to  eliminate 
the  danger  of  breakage  by  handling  of  the  glass  parts. 

The  iridized  electrode,  the  hydrogen  generator,  the  electrical  apparatus, 
and  the  thermostat  were  of  the  types  described  and  figured  in  a  recent 
article  by  Lewis,  Brighton,  and  Sebastian.^ 

*  This  instrument  was  constructed  by  Mr.  W.  J.  Cummings  of  this  laboratcny. 
For  the  drawing  I  am  indebted  to  Mr.  Thomas  Fraser  Young. 

*  Loc.  cit. 
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Experimental  Procedure. 

Requisite  amotmts  of  silver  and  silver  chloride  were  separately  washed 
many  times  by  decantation  with  the  same  hydrochloric  acid  solution  to 
be  used  in  the  cell  for  any  particular  experiment.  The  silver  was  then 
placed  in  the  bottom  of  the  cell  to  the  depth  indicated  in  the  figure  and 
covered  with  a  layer  of  silver  chloride.  The  whole  cell  was  now  filled 
with  the  hydrochloric  acid  to  the  levels  indicated  in  the  figure.  The 
bulb  of  the  cell  measured  about  1200  cc. 

The  whole  apparatus  was  then  connected,  immersed  in  an  oil  thermostat, 
kept  at  25**  ±  0.01°,  and  allowed  to  come  to  equilibrium.  This  usually 
took  from  3  to  4  days,  depending  upon  the  concentration  of  the  add,  be- 
fore the  e.  m.  f.  became  reasonably  constant.  In  Table  I  are  given  all 
the  recorded  readings  and  in  Table  II  only  those  after  the  e.  m.  f .  had  be- 
come constant.  The  table  headings  are  self-explanatory.  All  concen- 
trations are  expressed  in  mols  per  1000  grams  of  water. 
Table  I. — Recorded  Readings. 

W. 
2(Ha)  =  0.004826. 

E.  m.  f.  Time  in  hoars. 


(a) 

S(HCl) 

= 

0.04826. 

E.  m.  f. 

Time  in  hours. 

0.3799 

12 

0.3823 

16 

0.3842 

21 

0.3853 

26 

0.3864 

36 

0.3866 

40 

0.3868 

46 

0.3869 

50 

0.3870 

61 

0.3870 

64 

0.3870 

68 

(b). 

S(HCl) 

sa 

0.00965. 

B.  m.  f. 

Time  in  hours 

0.4622 

24 

0.4625 

25 

0.4634 

29 

0.4642 

33 

0.4650 

44 

0.4651 

48 

0.4653 

53 

0.4653 

58 

0.4654 

68 

0.4654 

72 

0.4654 

78 

0.4910 

12 

0.4954 

16 

0.4965 

18 

0.4978 

21 

0.4988 

26 

0.4996 

35 

0.4997 

39 

0.4998 

43 

0.4998 

48 

0.4998 

61 

(d). 

2(HC1)  - 

=  O.OOIOOO. 

E.  m.  f. 

Time  in  hours 

0.5698 

19 

0.5716 

22 

0.5769 

43 

0.5775 

51 

0.5778 

56 

0.5781 

66 

0.5783 

74 

0.5784 

79 

0.5785 

91 

0.5786 

103 

0.5786 

114 

0.5786 

127 

0.5786 

139 

0.5787 

149 

0.5787 

192 

0.5787 

200 

Digitized  by  v. 

GooQle 


II78 


G,  A.  LINHART. 


S(HCl)  =  0.000483. 


E.  m.  f . 
0.6106 
O.6121 
0.6139 
0.6144 
0.6x49 
0.6152 
0.6157 
0.6157 
0.6157 


Time  in  hours. 
12 

24 
58 

48 
60 
70 
80 
92 
104 


z(Ha) 

B.  m.  f . 
0.6556 
0.6565 
0.6563 
0.6549 
0.6534 
0.6529 

0.6519 
0.6514 
0.6512 
0.6511 
0.6511 
0.6510 
0.6509 
0.6509 
0.6509 
0.6509 
0.6509 
0.6508 
0.6509 


(/). 


2(HC1)  =  0.000136. 

£.  m.  f.  Time  in  hours. 

0.6899  20 

0.6894  24 

0.6889  28 

0.6872  36 

0.6860  45 

0.6849  48 

0.6833  59 

0.6817  69 

0.6814  76 

0.6809  84 

0.6803  96 

0.6799  106 

0.6797  "6 

0.6798  126 

Xabi^b  II. 
Readings  after  Electromotive  Force 

Eicpt.  £.  m.  f .  calc.  to 

No.              Z(HCl).  E.  m.  f.        one  atmos.  Hs. 

1 0.04826  0.3870     0.3874   O. 

2 0.00965  0.4654      0.4658    O. 

3 0.004826  0.4998     0.5002    O. 

4. o.ooiooo  0.5787     0.5791    O. 

5 0.000483  0.6157     0.6161    O. 

6 0.000242  0.6509     0.6514    O. 

7 0.000136  (0.6798)    (0.6805)   (o. 

At  extreme  dilution,  £'  ^  0.2234  *  -£*• 


0.000243. 
Time  in  boon. 

19 

21 

38 

35 
43 
46 
52 
58 
68 
72 
77 
84 
92 
96 

lOI 

108 
116 
120 
124 


had  Become  Constant. 


V(H+)^C1-) 

(H+)(cm 

B'. 

X(HCl) 

iUci) 

.2317 

0.8513 

0.2342 

.2274 

0.9256 

O.IIII 

.2262 

0.9475 

0.0825 

.2242 

0.9845 

0.0626 

2238 

0.9920 

0.0594 

2236 

0.9960 

0.0600 

2231) 
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Disctsssioii  C|f  Results  and  Condtssion. 
Conceming  the  solubility  of  silver  cbloride  at  25^  only  3  values  are  to 
be  found  in  the  literature,^  all  based  on  conductivity  measurements, 
namely:  1. 60(10) "•,  1.64(10)""*,  1.41(10)"^;  average  I.55(Io)~^  and  the 
product  2. 4(10)"**^.  Dividing  this  value  by  the  concentration  of  Expt.  6 
gives  o.oooooio,  or  0.4%,  corresponding  to  o.  i  mv.;  divided  by  the  con- 
centration of  Expt.  7  gives  0.0000018,  or  i  .3%,  corresponding  to  0.3  mv. 
In  the  other  experiments  the  correction  becomes  entirely  negligible.  In 
the  third  column  of  the  above  table  the  last  two  ntunbers  have  been  so 
corrected  for  the  solubility  of  silver  chloride.  The  fourth  coliunn  gives 
£^  the  e.  m.  f .  calculated  to  molal  concentrations  of  the  hydrogen  ions 
and  chloride  ions  on  the  assumption  of  100%  dissociation  at  each  concen- 
tration. The  extrapolation  of  this  ntunber  to  infinite  dilution  gives  E^, 
the  standard  e.  m.  f.  at  hypothetical  molal  concentration  of  the  ions. 
With  this  value  the  thermod3mamic  or  "corrected"  degree  of  dissociation 
at  each  concentration  is  obtained  by  famihar  methods  and  given  in  the 
5th  column  of  the  table  above. 


Fig.  2. 

In  Fig.  2,  Curve  I  gives  the  values  of  E',  Judging  from  the  trend  of 
the  curve  the  last  value  (Expt.  7)  is  probably  0.3  mv.  too  low,  owing  to 
the  uncertainty  of  the  concentration  of  the  (HCl)  to  the  extent  of  several 
tenths  of  a  per  cent.,  and  also  to  the  questionable  solubiUty  product  of 
the  silver  chloride.    Curve  II  gives  the  calculated  degrees  of  dissoda- 

>  Thid,  Z.  anarg,  Chem.,  24,  57  (1900}. 
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tion,  and,  for  comparison,  Curve  III  gives  the  degrees  o€  dissociation  as 
measured  by  conductivity  methods.^ 

Note. — In  a  private  communication  Professor  Loomis  informs  me  that  a  statement 
in  regard  to  his  work  in  one  of  my  articles  (This  Journal,  39,  2604  (1917))  is  rather 
ambiguous:  ''The  remark  might  be  interpreted  to  intimate  that  I  have  claimed  equal 
thermodynamic  degrees  of  dissociation  for  KCl  and  HCl  solutions  at  all  concentra- 
tions. As  a  matter  of  fact  my  articles  have  dealt  only  with  decinormal  concentrations, 
and  in  my  latest  article  I  have  suggested  a  possibility  that  my  results  may  be  accotmted 
for  by  a  slightly  lower  degree  of  dissociation  for  o.i  N  KCl  than  for  o.i  N  HCl." 

BsRxsLsy.  Cal. 


[Contribution  prom  Chemical  Laboratory,  Edgswood  Arsbnal.  ) 

A  MODIFIED  METHOD  FOR  THE  ANALYSIS  OF  MIXTURES 
OF  ETHYLENE  AND  ACETYLENE.^ 

By  William  H.  Ross  and  Harlan  h.  Trumbull. 

Received  May  23.   1919. 

In  the  course  of  an  investigation  on  the  preparation  of  ethylene  from 
acetylene,  mixtures  of  these  two  gases  were  recovered  in  association  with 
variable  quantities  of  other  gases  as  ethane  and  hydrogen.  It  thus  be- 
came necessary  in  carrying  on  the  work  to  make  accurate  analyses  of  gsis 
samples  containing  ethylene  in  the  presence  of  acetylene  and  other  hydro- 
carbons in  order  to  determine  the  eflfect  on  the  production  of  ethylene 
of  any  special  change  in  the  conditions  of  the  experiment. 

In  the  preliminary  work  use  was  made  of  tiie  Tucker  and  Moody* 
method  for  determining  ethylene  in  the  presence  of  acetylene.  This 
method  involves  the  use  of  an  ammoniacal  silver  nitrate  solution  which 
is  claimed  to  remove  the  acetylene  completely  but  only  a  relatively  small 
amount  of  ethylene.  It  was  found,  however,  that  the  quantity  of  ethylene 
absorbed  varied  with  the  time  that  the  mixture  was  shaken  with  the  silver 
nitrate  solution,  and  that  the  results  obtained  varied  continuously  with 
the  time  taken  in  making  an  analysis.  This  was  demonstrated  by  shak- 
ing samples  of  80%  ethylene,  known  to  be  free  from  acet3dene,  with  the 
silver  nitrate  solution  for  5-niinute  periods,  and  reading  the  residual 
voliune  of  gas  after  each  period.    The  results  are  given  in  Table  I. 

In  a  ntunber  of  tests  made  with  known  mixtures  of  ethylene  and  acety- 
lene, note  was  made  of  the  relative  proportion  of  each  absorbed  when  the 
mixture  of  gas  was  shaken  with  the  silver  nitrate  solution  for  different 
lengths  of  time.  It  was  thought  that  tolerably  good  restdts  might  po^i- 
bly  be  obtained  in  the  analysis  of  unknown  mixtures  if  the  gas  were  shaken 
in  the  silver  nitrate  pipet  for  the  same  length  of  time  as  that  which  gave 
best  results  with  the  known  mixtures.    This  might  possibly  prove  true 

1  Noyes  and  Falk,  Tms  Journal,  34,  475  (191 2). 

*  Published  by  permission  of  the  Director  of  the  Chemical  Warfare  Service. 

«  This  Journal,  23,  671  (1901);  Dennis',  Gas  Analysis,  p.  248. 
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in  case  the  mixtures  remained  approximately  of  the  same  composition, 
and  the  strength  of  the  silver  nitrate  solution  remained  constant.  As 
these  factors  changed,  however,  the  accuracy  of  the  method  was  found  to 
range  between  such  wide  limits  as  to  make  its  use  unsuited  for  the  ac- 
curate analysis  of  ethylene-acetylene  mixtures,  particularly  when  the 
mixtures  contained  relatively  small  amounts  of  one  or  the  other  of  these 
ccmstituents. 
Tabls  I. — ^Absorption  op  Ethylbnq  in  Amuoniacal  2%  Silvbr  Nitrate  Solution. 

Volume  of  residual  gaa. 

Time  of  / * » 

shakins.  Sample  No.  1.  Sample  No.  2. 

MIn.  Cc.  Cc. 

o 99.2  lOO.O 

5 93.8  95.0 

10 90.6  92.8 

15 88.6  90.4 

20 86.4  88.0 

25 83.6  85.6 

30 82.2  83.0 

35 80.0  81.0 

40 78.6  78.6 

45 76.4  76.4 

50 750  74.6 

55 72.2  72.0 

60 70.4  70.0 

A  method  for  determining  acetylene  gravimetrically  has  been  suggested 
by  Hempel,  which  consists  in  absorbing  the  gas  in  ammoniacal  cuprous 
chloride  solution  with  which  the  acetylene  reacts  to  form  a  precipitate 
of  copper  acetyhde.  From  the  weight  of  copper  in  the  precipitate,  which 
may  be  ^^ermined  by  any  one  of  several  methods,  the  percentage  of 
acetylene  in  the  sample  is  then  calculated.^  This  method  is  claimed  to 
give  accurate  results,  but  was  foimd  to  be  imsuitable  for  our  work  on 
account  of  the  time  taken  in  making  an  analysis.^ 

Experiments  were  then  undertaken  to  determine  the  limits  of  accuracy 
of  a.  volumetric  method  outlined  by  Chavastdon'  for  the  determination 
of  acetylene  in  gaseous  mixttures.  It  is  known  that  when  an  excess  of 
acetylene  is  passed  into  an  ammoniacal  solution  of  silver  nitrate  a  pre- 
cipitate is  formed  of  the  composition  C2Ag2.*  When  the  solution  is  neu- 
tral, however,  and  the  silver  nitrate  is  in  excess,  the  precipitate  then  has 
the  composition  CjAg2.AgN08,*  and  a  definite  proportion  of  nitric  acid 
is  set  free  in  the  reaction  as  represented  by  the  equation 

CH,  +  3AgN0,  =  CjAgj.AgNOa  +  2HNO8. 
»  J.  Schdber,  Z.  anal.  Chem.,  48,  529  (1908). 

*  S.  A.  Tucker  and  H.  R.  Moody,  This  Journal,  23,  672  (1901). 
»  CompL  rettd.^i2S^  245  (1897). 

*  E.  H.  Kdser,  Am.  Chem.  J.,  14,  286  (1892);  R.  Chavastelon,  Compt.  rend.,  124, 
1364  (1897);  G.  Arth,  Ibid.,  124,  1534  (1897). 
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^ 


Fig.  I. 


This  reaction  has  accordingly  been  suggested  by  Chavastdon  as 
the  basis  of  a  method  for  determining  acetylene  by  simply  titrating 
the  acidity  of  the  solution  recovered  when  a  known  volume  of  gas, 
free  from  add  constituents,  was  absorbed  in  a  solution  of  silver 
nitrate.  The  gas  holder  devised  by  Raoult,^  and  represented  in 
Fig.  I,  was  recommended  as  the  most  suitable  for  use  in  this  deter- 
mination. When  the  voliune  of  the  sample  was  suflSdently  great 
the  holder  was  filled  by  displacement  of  the  air  with  the  sample. 
With  a  smaller  sample  it  was  suggested  that  this  might  be  collected 
directly  in  the  holder  over  mercury,  or  by  passing  it  into  the  holder 
after  the  latter  had  been  evacuated.  An  excess  of  i  o%  silver  nitrate 
solution  was  then  placed  in  the  f  imnd  of  the  gas  holder  and  intro- 
duced into  the  holder  where  it  was  shaken  imtil  absorption  of  the 
gas  was  complete.  The  addity  of  the  resulting  solution  was  then 
determined  by  titration  and  it  was  hdd  that  from  the  data  thus 
obtained  and  knowing  the  volume,  temperature  and  pressure  of  the 
gas  sample  taken,  the  percentage  of  acetylene  present  could  then 
be  readily  calculated.  No  further  details  were  given  for  carrying 
out  the  anal3rsis  or  for  making  the  calculations,  and  no  results  of 
analysis  were  listed  to  show  the  limits  of  accuracy  of  the  method. 
Development  of  the  Method. 
When  undertaking  analyses  of  gas  samples  by  the  method  as  thus 

outlined,  use  was  made  of  the  gas  holder  represented  in  Fig.  2.    Each 

holder  had  a  capadty  of  about  45  cc,  and 

was  provided  with  a  water  jacket  to  prevent 

the  indosed  gas  from  imdergoing  the  sudden 

changes  in  temperature  which  were  found  to 

occur  when  no  jacket  was  used. 
Since  acetylene  is  soluble  in  water  to  the 

extent  of  i .  i  voliune  per  volume  of  water  at 

ordinary  temperatiu-e,  and  since  the  use  of 

water  requires  that  a  factor  be  applied  to 

correct  for  the  pressure  of  water  vapor,  it  was 

dedded  to  avoid  both  complications  by  col- 
lecting the  samples  over  mercury.    This  was 

contained  in  the  graduated  tube  A,  Fig.  2, 

which  was  connected  with  the  gas  holder  C 

by  means  of  the  rubber  tube  B.    The  holder 

was  filled  with  mercury  by  opening  the  stop- 
cocks and  lowering  it  to  the  proper  levd. 

A  sample  of  gas  was  collected  by  displacing 

the  mercury  into  the  graduated  tube  again, 

1  Compi.  rend.,  83»  844  (1876).  Fig.  2. 
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and  closing  the  lower  stopcock.  The  upper  stopcock  was  not  closed 
until  the  gas  was  passed  into  the  holder  under  slightly  increased 
pressure.  The  holder  was  then  removed  from  its  connection  with 
the  graduated  tube  and  allowed  to  stand  until  the  gas  had  reached 
temperature  equiUbrium.  One  of  the  stopcocks  was  then  opened  for 
an  instant  to  bring  the  gas  to  normal  pressure.  C  was  finally  connected 
to  the  lower  end  of  a  two-foot  coltunn  of  a  5%  silver  nitrate  solution 
and  an  excess  of  the  solution  then  added  and  shaken  up  with  the  gas 
in  the  holder  until  absorption  was  complete.  In  the  preliminary  experi- 
ments a  10%  solution  was  used  as  suggested  by  Chavastelon,  but  the  less 
concentrate  solution  proved  the  more  satisfactory.  The  solution  con- 
taining the  precipitated  silver  acetylide  was  finally  transferred  to  a  beaker 
and  titrated  with  standard  sodium  hydroxide  solution,  using  phenol- 
phthalein  as  indicator.  It  was  found,  however,  that  the  end-point  of  the 
titration  when  carried  out  in  the  way  described  was  too  indefinite  to  give 
satisfactory  results,  since  the  brown  color  of  silver  oxide  masked  the  end- 
point.  Attempts  were  then  made  to  overcome  this  diflSculty  by  elimina- 
ting the  excess  of  silver  ion  by  precipitation  with  sodium  chloride  solu- 
tion. When  this  was  added  before  the  alkali  the  result  was  still  unsatis- 
factory, presumably  because  it  effected  a  reversal  of  the  reaction  between 
the  acetylene  and  the  silver  nitrate.  It  was  found,  however,  that  when 
the  standard  alkali  was  first  added  in  excess,  and  the  silver  then  precipi- 
tated with  sodium  chloride,  the  excess  of  alkali  could  be  titrated  to  a  very 
sharp  end-point  with  standard  hydrochloric  add  solution.  When  making 
a  titration  with  this  modification,  the  standard  alkali  was  added  until 
the  brown  color  of  silver  oxide  appeared;  the  excess  of  silver  in  solution 
was  precipitated  with  about  5  cc.  of  neutral  20%  soditun  chloride  solu- 
tion, and  the  original  acidity  of  the  solution  then  determined  by  titra- 
ting the  excess  of  alkali  with  standard  add  as  already  explained. 

When  the  voltune  of  gas  available  for  analysis  was  less  than  the  capadty 
of  the  gas  holder,  the  amount  collected  was  measured  by  noting  the  rise 
of  mercury  in  the  graduated  tube  after  the  stuiace  of  the  mercury  in  each 
vessel  was  brought  to  the  same  level.  The  upper  stopcock  was  then 
dosed,  and  the  gas  holder  raised  until  all  the  mercury  had  passed  through 
the  lower  stopcock.  The  latter  was  then  closed,  and  the  analysis  com- 
pleted in  the  usual  way. 
The  following  method  was  used  in  calculating  the  results: 
Let  Vg  i"  volume  of  gas  holder. 

T    —  absolute  temperature,  273*. 

To  —  temperature  of  gas  sample  when  collected. 

P    »  standard  pressure,  760  mm. 

Pe  *-  barometric  pressure  at  the  time  the  sample  was  collected. 
Then  the  volume  of  the  sample  collected  in  the  gas  holder  when  reduced  to  standard 
conditions.         y  VgX  Po/P  X  T/To  -  K,  X  Po/To  X  0.3592. 
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Since  acetylene  reacts  with  silver  nitrate  to  give  two  molecules  of  nitric 
add  per  molecule  of  gas  taken,  it  follows  that  i  cc.  of  acetylene  reduced  to 
standard  conditions  is  equivalent  to  o. 893  cc.  of  o.  i  iV  sodium  hydroxide 
solution;  or  i  cc.  of  o.i  iV  sodium  hydroxide  solution  is  equivalent  to 
1 .  120  cc.  of  acetylene.  The  number  of  cc.  of  o.  i  iV  sodium  hydroxide 
solution  required  in  the  titration  of  any  sample  multiplied  by  the  factor 
1 .  12  thus  gives  directly  the  volume  which  the  acetylene  in  the  sample 
would  occupy  under  standard  conditions,  and  this  volimie  expressed  in 
terms  of  the  total  voliune  of  the  sample  taken  gives  directly  the  percentage 
of  acetylene  in  the  sample.  By  thus  calculating  once  for  all  the  volume 
of  acetylene  under  standard  conditions  to  which  i  cc.  of  the  standard 
alkali  is  equivalent  the  necessary  calculation  for  subsequent  anal3rses 
becomes  very  much  simplified.^ 

To  test  the  accuracy  of  the  method  as  thus  developed  analyses  were 
made  of  the  gas  from  an  acetylene  cylinder  and  the  results  compared  with 
those  obtained  by  absorption  in  fuming  sulfuric  add.  The  acetone  in 
the  acetylene  coming  from  the  cylinder  was  removed  by  passing  the  gas 
through  a  suitable  coltmm  of  water,  and  the  moisture  then  removed  by 
means  of  anhydrous  caldum  chloride.  With  the  volumetric  method,  using 
phenolphthalein  as  indicator,  the  results  were  fotmd  to  vary  in  the  case 
of  6  analjrses  from  97.8%  to  100.8%  of  acetylene  with  a  mean  of  98.2%. 
Analysis  of  the  same  gas  by  the  method  of  absorbing  in  fuming  sulf mic 
add  gave  a  mean  value  of  96.3%.  The  results  obtained  by  the  volu- 
metric method  thus  not  only  did  not  agree  very  dosdy  among  them- 
sdves  but  were  over  2%  greater  on  an  average  than  the  mean  value  found 
by  the  absorption  method. 

In  order  to  determine  the  cause  of  this  disagreement  in  the  results,  a 
niunber  of  blank  titrations  were  nm  using  the  same  proportion  of  the  rea- 
gents, acetylene  alone  being  omitted,  as  were  taken  for  the  analysis  of  the 
gas  from  the  acetylene  cylinder.  It  was  foimd  that  the  reagents  exhibited 
a  dedded  addity  towards  phenolphthalein,  and  that  the  extent  of  the 
addity  varied  with  the  amount  of  standard  sodium  hydroxide  solution 
used  in  the  titration.  This  is  shown  by  the  results  given  in  Table  II. 
In  each  of  the  experiments  there  were  used  40  cc.  of  a  5%  silver  nitrate  solu- 
tion and  5  cc.  of  a  20%  soditun  chloride  solution  with  water  to  make  150 
cc. 

In  the  analysis  of  the  acetylene  samples  already  referred  to,  40  cc.  of 
the  standard  alkali  was  added  to  the  solution  containing  the  silver  acetylide 
predpitate,  and  the  excess  of  alkali  then  titrated  back  with  the  standard 

*  In  the  analysis  of  acetylene  that  is  stored  or  collected  over  water,  the  value  of 
the  vapor  pressiu-e  of  the  water  at  the  temperature  of  the  experiment  must  be  sub- 
tracted from  the  barometric  pressure.  With  this  correction  the  remainder  of  the 
calculation  is  then  completed  in  the  usual  way. 
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add.  For  the  analysis  in  question  between  2  and  3  cc.  of  acid  was  re- 
quired. In  order  to  determine  the  blank  that  might  most  closely  corre- 
spond to  these  conditions,  about  36  cc.  of  the  standard  add  was  added  to 
the  acetylene-free  silver  nitrate  solution,  followed  by  40  cc.  of  standard 
alkali.  The  solution  was  then  titrated  with  standard  add  again  to  neu- 
trality as  indicated  by  phenolphthalein.  Under  these  conditions  the 
apparent  addity  of  the  rei^;ents  amcnmted  to  0.65  cc.  of  the  o.  i  N  hydro- 
diloric  add.  It  was  found,  however,  that  when  methyl  orange  was  used 
as  the  indicator  in  titrations  carried  out  in  the  same  way  the  reagents 
then  showed  exact  neutrality. 

Table  II. — Variation  in  the  Apparent  AcmrrY  op  the  Reagents  Used  in 
AcBTyLSNB  Analysis  with  the  Amount  op  Standard  Alkali  Used 

IN  THE  TTTRATION. 

0. 1  N  NaOH  0. 1  N  HCl  Apparent  addity 

added.  required.  of  the  rcasentt  in 

Expt.  No.  Cc.  Cc.  cc.  of  0.1  Xr  HCl. 

X 2.00  1.82  0.18 

2 5.00  4.80  0.20 

3 6.00  5.77  0.23 

4 10.00  9.62  0.38 

5 4000  39.05  a.95 

An  analysis  was  now  made  of  the  acetylene  from  the  same  cylinder  as 
before,  using  first  methyl  orange  as  indicator,  following  which  a  little 
more  standard  alkali  was  added  and  the  titration  with  add  rq>eated  with 
use  of  phenolphthalein.  It  was  found  that  when  the  correction  of  0.65 
cc.  was  added  to  the  0,1  N  hydrochloric  add  titration  obtained  with 
phenolphthalein  the  results  as  calculated  from  the  values  found  with  this 
indicator  were  then  in  exact  agreement  with  those  obtained  directly  with 
methyl  orange.  On  applying  the  same  correction  in  a  recalculation  of 
the  results  already  reported  for  the  analysis  of  the  gas  from  an  acetylene 
cylinder  it  was  found  that  the  mean  value  for  the  acetylene  in  the  gas 
analyzed  now  amounted  to  96.7%,  instead  of  98.2%,  which  is  in  quite 
dose  agreement  with  the  value  96.3%  found  by  the  absorption  method. 

It  is  apparent  from  the  results  given  in  Table  II,  however,  that  in  the 
analysis  of  a  gas  'containing  a  lower  percentage  of  acetylene  a  different 
blank  correction  would  have  to  be  applied  when  using  phenolphthalein. 
This  indicator  was  accordingly  discarded  in  all  subsequent  analyses  in 
favor  of  methyl  orange.  With  the  latter  indicator  the  end-point  is  not 
quite  as  sharp  as  with  phenolphthalein  but  the  accuracy  of  any  titration 
may  be  readily  checked  by  adding  successive  portions  of  the  standard 
alkaU  and  then  titrating  to  neutrality  as  before  with  the  standard  add. 

A  number  of  analyses  were  now  tmdertaken  to  ascertain  the  acciu-acy 
of  the  method  in  the  anal3rsis  of  mixtures  of  ethylene  and  acetylene. 
Pure  ethylene  does  not  give  any  predpitate  with  silver  mtrate  solution, 
but  it  was  noticed  that  when  samples  of  this  gas  were  collected  in  the  gas 
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holder  over  mercury  a  slight  precipitate  sometimes  occurred  with  develop- 
ment  of  a  corresponding  add  reaction.  This  was  traced  to  the  presence 
of  small  droplets  of  mercury  which  adhered  to  the  interior  walls  of  the  gas 
holder  and  which  then  reacting  with  the  silver  nitrate  used  in  the  analysis, 
gave  rise  to  an  add  reaction  through  hydrolysis  of  the  mercury  salt  formed. 
With  a  perfectly  dean  gas  holder  any  quantity  of  mercury  adhering  to  the 
gas  holder  was  too  small  to  have  any  effect  on  the  analysis,  but  it  was 
found  that  any  appredable  amount  of  mercury  in  the  solution  to  be  titrated 
produced  a  wide  variation  in  the  results. 

In  order  to  obviate  the  danger  from  contamination  with  mercury  a 
new  apparatus  was  devised  to  replace  that  represented  in  Fig.  2.  This  is 
shown  in  Fig.  3.  B  is  an  ordinary  gas  buret  in  which  the  sample  to  be 
analyzed  is  collected  over  mercury.    The  gas  bulb  D  has  a  capadty  of 


Fig.  3. 
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about  55  cc.  In  the  Brlenmeyer  flask  C  is  placed  about  90  cc.  of  a  2 . 5% 
silver  nitrate  solution.  This  is  then  sudced  up  into  the  glass  bulb  and 
the  stopcock  at  the  top  closed.  Connection  is  then  made  with  the  gas 
buret  as  indicated,  and  about  45  cc.  or  less  of  the  sample  to  be  analyzed 
is  passed  into  the  bulb  over  the  silver  nitrate  solution.  The  stopcock  of  the 
glass  bulb  is  then  closed,  and  the  latter  with  its  connecting  flask  discon- 
nected from  the  buret  and  shaken  until  absorption  of  the  gas  is  complete, 
or  until  there  is  no  further  rise  of  the  solution  into  the  bulb.  The  stop- 
cock is  then  opened,  allowing  the  solution  and  precipitated  silver  acetylide 
to  run  into  the  flask.  To  this  is  added  the  rinsings  from  the  bulb,  and  the 
titration  then  made  directly  in  the  flask  in  the  usual  way. 

By  use  of  this  procedure  for  absorbing  the  gas  the  occasion  for  drying 
-a  portion  of  the  apparatus  before  making  an  analysis,  as  in  the  case  when 
a  gas  holder  is  used,  is  avoided,  and  a  further  advantage  is  to  be  found 
in  the  fact  that  any  leak  in  the  apparatus  is  always  inwards  so  that  no 
loss  of  the  sample  takes  place. 

When  testing  the  accuracy  of  the  method  as  thus  modified  in  the  analysis 
of  ethylene-acetylene  mixtures,  special  precautions  were  taken  to  prepare 
the  separate  gases  free  from  all  other  hydrocarbons.  The  acetylene  used 
was  prepared  by  passing  the  gas  from  an  acetylene  cylinder  through 
water  and  chromic  add  solution,  then  over  solid  soditun  hydroxide  and 
phosphorus  pentoxide  and  finally  through  a  tube  dipped  in  liquid  air. 
The  solid  acetylene  thus  obtained  was  then  allowed  to  evaporate  and  the 
middle  portion  collected  over  a  20%  soditun  chloride  solution  through  which 
acetylene  had  abeen  allowed  to  bubble  for  a  time  to  expd  dissolved  air. 
The  gas  thus  collected  gave  99.7%  absorption  in  ftuning  sulfiuic  add. 

Ethylene  of  corresponding  piuity  was  prepared  by  dropping  ethylene 
dibromide  into  an  alcoholic  solution  containing  a  zinc-copper  couple. 
Known  mixtures  of  the  two  gases  were  then  made  up  and  analyzed  first 
for  acetylene  by  the  volumetric  method  and  then  for  total  ethylene  and 
acetylene  by  absorption  in  the  fuming  sulfuric  add  pipet  A,  Fig.  3.  The 
ethylene  percentage  was  obtained  by  difference.  The  results  are  given 
in  Table  III. 

Tabids  ni.— Analysis  of  MixTumss  op  Ethylbks  and  Acbtylbnb. 

%  taken.  %  found. 

Analysis  * • — »  * • * 

No  Acetylene.       Ethylene.  Total.  Total.        Acetylene.       Ethylene. 

1 99-7  0.0  99.7  99.7  99.3  o.O 

2 49.9  42.7  92.6  92.3  49-7  42.6 

3 28.3  60.4  88.7  87.7  28.0  59.7 

4 28.1  60.5  88.6  88.9  28.3  60.6 

5 11.8  74.3  86.1  86.1  II. 6  74.5 

6 10.5  75.6  86.1  86.1  10.3  75  8 

In  Table  IV  are  given  some  results  which  show  the  agreement  to  be  ex- 
pected in  successive  analyses  of  the  same  gas  by  the  volumeinc  tpftthnri^ 
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The  gas  to  be  analyzed  was  obtained  from  an  acetylene  cylinder  and  puri- 
fied by  passing  successively  through  water,  dry  calcium  chloride,  chromic 
add  deposited  on  pmnice,  dry  caldtun  chloride  again  and  finally  over 
sticks  of  solid  potassitun  hydroxide.  Analysis  of  this  gas  by  the  absorp- 
tion method  gave  a  mean  value  of  98.  i%. 

Table  IV. — Succbssivq  Analysis  op  Samples  op  Acetylsnb  prom  the  Same  Source 
BY  THE  Volumetric  Method. 

Analyas  Sample  Barometric  Acetylene 

No.  taken.  preasure.  Temperature.  found. 

1 46.9  761.8  22.0  97.9 

2 45.5  761.8  22.0  98.0 

3 46.6  761.8  22.1  98.3 

4 44-8  765 -4  22.1  98.1 

Mean  =«  98.1 

The  values  given  in  Table  IV  show  that  with  careful  analysis  very  closely 
agreeing  results  may  be  obtained  by  the  volumetric  method,  and  that  in 
the  analysis  of  acetylene  free  from  other  absorbable  hydrocarbons  results 
are  obtained  which  agree  very  closely  with  those  given  by  absorption  in 
fuming  sulfuric  acid. 

When  acetylene  is  prepared  from  ethylene  dibromide  by  treatment  with 
alcoholic  potash  there  is  always  present  a  greater  or  less  proportion  of 
vinyl  bromide,  depending  on  the  temperatiure  and  column  of  alkali  through 
which  the  evolved  gas  is  passed.  In  one  sample  collected  this  amoimted 
to  as  much  as  60%  of  the  gas  while  the  content  of  acetylene  amounted 
to  only  39%.  Vinyl  bromide  undergoes  rapid  and  complete  absorption  in 
fuming  sulfuric  acid  and  in  neutral  or  ammoniacal  silver  nitrate.  No  dis- 
tinction could  therefore  be  made  between  acetylene  and  vinyl  bromide 
by  the  Tucker  and  Moody  method  for  determining  acetylene.  Vinyl 
bromide,  however,  does  not  give  rise  to  any  acidity  in  silver  nitrate  solu- 
tion, and  accurate  results  may  therefore  be  obtained  by  the  volumetric 
method  in  the  analysis  of  acetylene  mixtiures  containing  this  gas  or  any 
other  hydrocarbon  having  a  single  or  double  bond. 

Summary. 
An  account  is  given  of  a  modification  of  the  method  of  Chavastelon  for 
the  determination  of  acetylene  in  the  presence  of  ethylene,  or  other  sin- 
gle or  double  bond  hydrocarbons,  which  is  based  on  the  voltunetric  de- 
termination of  the  nitric  add  set  free  when  acetylene  is  precipitated  with 
excess  of  silver  nitrate  solution.  When  making  an  analysis  according 
to  this  method,  the  sample  is  collected  in  an  ordinary  water-jacketed  gas 
btu'et  under  observed  conditions  of  temperature  and  pressure,  and  passed 
into  an  apparatus  of  simple  design  containing  an  excess  of  silver  nitrate 
with  which  the  gas  is  shaken  until  absorption  is  complete.  Standard 
alkali  solution  is  then  added  directly  to  the  solution  containing  the  pre- 
cipitated silver  acetylide  until  the  brown  color  of  silver  oxide  appears; 
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the  excess  of  silver  is  then  precipitated  with  neutral  20%  sodium  chloride 
solution,  and  the  excess  of  free  alkali  in  solution  finally  determined  by 
titration  with  st^dard  hydrochloric  add  solution  using  methyl  orange  as 
indicator.  Having  calculated  once  for  all  the  voliune  of  acetylene  under 
standard  conditions  of  temperature  and  pressure  to  which  i  cc.  of  the 
standard  alkali  is  equivalent,  the  acetylene  in  any  sample  analyzed  fol- 
lows directly  from  tiie  voltune  of  standard  alkali  required  for  tiie  titra- 
tion, and  this  volume  of  acetylene  expressed  in  terms  of  the  voliune  of 
the  sample  taken,  when  also  reduced  to  standard  conditions  of  tempera- 
ture and  pressure,  gives  the  percentage  of  acetylene  in  the  sample. 

The  method  as  described  is  rapid,  acciuate  and  simple  of  manipula- 
tion, and  has  the  added  advantage  of  giving  accurate  results  for  acetylene 
in  mixtiures  of  ethylene  or  of  a  gas  of  such  similar  properties  as  vinyl  bro- 
mide which  is  readily  absorbed  in  bromine,  fuming  sulfuric  add  and  in 
neutral  or  ammoniacal  silver  nitrate. 

Edobwood,  Md. 


NOTE, 

The  Use  of  Coal  as  a  Substitute  for  Talcum  to  Induce  Rapid  Boiling. — 
While  we  were  attempting  to  improve  the  method  for  the  determination 
of  small  amounts  of  iodine,  some  substitute  for  talcum  was  sought  which 
would  cause  a  rapid  boiling  of  the  solution.  The  usual  laboratory  agents, 
such  as  pumice  stone,  powdered  brick,  broken  glass,  glass  beads,  granite, 
etc.,  were  tried  and  found  to  be  unsuitable.  The  theoretically  ideal  agent 
would  have  to  be  insoluble  in  add  and  alkali  and  not  acted  on  by  reduc- 
tion or  oxidation. 

Carbon  in  its  various  forms  answers  the  theoretical  reqtiirements.  It 
was  found,  however,  that  the  various  forms  of  carbon  differ  greatly  in 
their  power  to  cause  rapid  boiling  of  a  solution.  While  powdered  diar- 
coal  or  coke  has  slight  power  in  this  respect,  anthradte  coal  is  without 
exception  the  very  best  substance  to  bring  about  the  rapid  boiling  of  a 
solution.  The  formation  of  bubbles  does  not  take  place  on  the  sharp 
edges  and  comers  alone,  but  over  the  hard,  smooth  surfaces  of  the  coal 
minute  bubbles  form  with  great  rapidity,  and  under  some  conditions  a 
piece  of  coal  2  cm.  cube  can  be  raised  from  the  bottom  of  the  flask  by 
the  rapid  formation  of  bubbles  on  its  surface.  It  acts  in  a  similar  manner 
in  the  addification  of  a  carbonate  or  sulfite  solution.  The  bubbles  of 
sulfur  or  carbon  dioxide  are  liberated  on  the  stuiace  of  the  coal.  Coal 
is  equally  successful  in  preventing  bumping  in  Kjddahl  flasks  and  in  the 
distillation  of  organic  Uquids.  If  the  coal  is  kept  under  water  indefinitdy 
it  becomes  less  active,  but  heating  in  an  oven  will  restore  its  activity. 
Another  great  advantage  of  coal  is  the  fact  that  it  is  easily  cut  with 
a  dental  drill  and  a  small  glass  hook  can  be  inserted  in  the  coal.    After 


Digitized  by 


GooQle 


II90  B.  C.  WHITB  AND  S.  F.  ACRES* 

the  solution  has  been  boiled,  if  it  is  so  desired,  the  coal  may  be  re- 
moved by  a  glass  rod  with  a  hooked  end  which  passes  through  the 
glass  hook  in  the  coal.  One  or  two  pieces  about  i  cm.  cubearebetter 
than  many  smaller  pieces.  As  powdered  anthracite  coal  has  almost  no 
effect,  the  specific  and  unusual  properties  of  hard  coal  in  this  regard  must 
be  due  to  its  structtu-e  in  the  mass.  6.  C.  Kqndai^l. 

Mato  Foundation, 
RocHSSTSR,  Minn. 
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The  quinone-phenolate  theory  of  indicators  was  brought  out  fully  in 
1908  by  one'  of  the  authors  of  this  paper  to  explain  the  striking  changes 
of  color  produced  by  the  addition  of  alkaUes  to  solutions  of  aurine,  phenol- 
phthalein  and  analogous  substances.  The  chief  color  change  was  assumed 
to  be  merely  the  transformation  of  the  faint  yellow  quinone-phenol, 
— C( :  CeHi :  O) (C«H40H),  into  the  quinone-phenolate  salt,  — C( :  C6H4 : 0)- 
(C«H40K),  common  to  all  these  substances  and  absorbing  the  violet,  blue, 
and  green  and  transmitting  the  red  light.  The  theory  proposed  was  an 
attempt  to  correlate  (i)  the  relations  between  the  constitution  and  color 
changes  of  the  rosaniline,  aurine,  and  phenolphthalein  salts  on  the  one 
hand  and  (2)  the  mathematical  relations  of  the  tautomeric  forms  and  the 
aflBnity  constants  and  reaction  velocities  of  the  various  add  and  salt 
groups  on  the  other  hand,  as  had  been  done  by  the  application  of  the  mass 
law  and  conductivity  and  reaction  velocity  measurements  to  the  urazole 
series.* 

The  work  of  Friedlander*  and  of  Nietzki^  and  his  students  showed  clearly 
that  lactoidal  colorless  phenolphthalein  (I)  changes  into  salts  of  a  colored 
quinoidal  form  (II), 

^  The  material  presented  in  this  paper  and  in  two  earlier  articles  (Tms  Joubnal,, 
39,  648  and  40,  1092  (191 7))  represents  a  thesis  presented  to  the  Regents  of  the  Uni- 
versity of  Wisconsin  in  191 5  by  E.  C.  White,  in  partial  fulfillment  of  the  requirements 
for  the  degree  of  Doctor  of  Philosophy.  The  experimental  work  was  performed  partly 
in  Johns  Hopkins  University,  and  partly  in  the  Forest  Products  Laboratory,  Madison, 
Wisconsin. 

« Am.  Chem.  J.,  37,  72  (1907);  39>  '55,  528  (1908). 

» Ibid.,  39,  124,  226  (1908). 

*  Ber.,  26,  172  (1893). 

» Ibid.,  aS,  45  (1895);  30, 175  (1897). 
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(in).  (IV). 

and  thus  connected  the  constitution  of  these  compotmds  with  Ostwald's 
theory  that  indicators  undergo  changes  of  color  because  of  simple  changes 
in  ionization  without  necessary  attendant  changes  on  chemical  structure. 
Hantzsch,^  and  later  Stieglitz,*  developed  this  view  mathematically  and 
used  Hantzsch's  equation  Cq  X  Ch  =  K"'  X  C^h  'or  a  tautomeric 
monobasic  acid. 

Our  theory  of  indicators  postulated  that  a  simple  change  of  the  dibasic 
lactoidal  phenolphthalein  into  the  monobasic  salt  (III)  is  not  sufficient  to 
explain  the  remarkable  colors  produced  and  that  the  chief  source  of  in- 
tense color  is  due  to  the  presence  of  both  a  quinone  group  and  the  salt  of 
a  phenol  (IV).  In  other  words,  we  treated  phenolphthalein  as  a  dibasic 
add  giving  dibasic  red  salts.  Indeed  it  is  hard  to  understand  how  any- 
one could  have  come  to  any  other  conclusion  after  having  read  Fried- 
linder's  paper  showing  the  analogy  between  the  color  changes  of  aurine 
and  phenolphthalein  and  their  salts,  which  he  assumed  to  be  the  phenol 
salts  of  quinones,  HOC«H4C(:C6H4:0)(:C«H40Na)  and  NaOOCCeHi  — 
C(:  C6H4: 0)(C6H40Na),  or  after  having  seen  the  significance  of  Nietzki's 
work  showing  that  the  faint  yellow  solutions  of  the  quinoidal  carboxyl 
ester  of  tetrabromo-phenolphthalem  (CiH600CCeH4)C(:CeH2Brj:0)- 
(CtfHsBrsOH),  gave  the  intensely  blue  potassium  and  silver  quinone-phe- 
nolate  salts  (C2H600CC6H4)C(:C6H2Bri:0)(C«H2BraOK).  Notwithstand- 
ing  these  facts,  there  had  been  necessarily  much  confusion  and  lack  of 
logic  and  vision  in  attacking  these  problems,  and  it  must  be  realized  that 
there  is  still  great  uncertainty  concerning  many  of  the  dyes  used  today. 
Even  with  the  above  mentioned  aurines,  we  realized  that  it  was  not  cer- 
tain whether  the  mono-  or  dibasic  salts,  or  both,  give  the  intense  colors, 
and  much  interesting  Hght  has  been  shed  on  this  by  Paiiliis,  Schaeffer  and 
Jones.  Even  though  we  used  as  evidence  for  the  theory  the  intense  colors 
of  the  ester  salts  of  phenolphthalein  discussed  above,  and  those  described 

» Ber,,  39,  1090  (1906). 

'Tma  Jox7KNAi«,  35,  11 12  (1903).    These  ideas  were  abandoned  after  the  ap- 
peanmce  of  our  paper  in  1908. 
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by  Green,  ^  yet  we  realized*  that  the  intense  color  might  arise  from  mono- 
and  dibasic  salts  formed  by  saponification  of  the  ester  group.  Meyer' 
and  Spengler  thought  that  they  proved  that  the  deeply  colored  salt  of 
phenolphthalein  is  dibasic  because  they  found  that  phenolphthalein 
dissolves  as  a  red  solution  in  approximately  two  molecules  of  alkali. 
The  real  lack  of  proof  in  such  a  case  is  seen  at  once  when  we 
recall  that  Slagle*  and  one  of  us  found  wide  variations  in  the  amount 
of  alkali  required  to  dissolve  various  indicators  and  derivatives,  the 
results  depending  on  the  solubility  and  hydrolysis  constants.  Another 
example  of  the  inconclusive  nature  of  Meyer's  evidence  is  shown  by  the 
fact  that  phenolsulfonphthalein  dissolves  in  one  molecule  of  dilute  alkali 
as  a  yellow  monobasic  salt  which,  however,  looks  red  if  there  is  a  slight 
excess  of  alkali  as  in  Meyer's  experiments:  in  such  a  case  one  would  in- 
correctly draw  Meyer's  condusion  that  the  solution  of  the  mono  alkali 
salt  of  phenolsulfonphthalein  is  red,  whereas  it  is  really  yellow.  In  other 
wcMrds  a  red  mono-  or  other  salt  might  have  been  mixed  with  the  apparent 
dibasic  salt  which  Meyer  made,  just  as  dibasic  sodium  sulfate  can  be 
colored  with  a  small  trace  of  dye.  Baeyer  developed  his  once  widely 
accepted  carbonium  valence  theory  on  the  wrong  idea  that  ^-oxy-di- 
phenylphthalide  in  alkaline  solutions  has  a  red  color,  which  he  after- 
wards found  was  really  caused  by  a  trace  of  phenolphthalein  present 
as  an  impurity.  Even  with  all  this  mass  of  evidence  made  uncer- 
tain by  the  possible  presence  of  colored  impiuities  in  these  compounds, 
and  with  the  uncertainty  whether  there  must  be  a  second  ion  in 
combination  with  the  quinone-phenolate  salt  and  its  ion,  we  thought  that 
certainly  the  quinone-phenolate  theory  was  worthy  of  investigation. 
What  was  most  needed  was  the  preparation  of  a  series  of  yellow  monobasic 
salts^  and  red  dibasic  salts  of  pure  compotmds  of  the  phenolphthalein  type, 
and  these  we  have  now  made  in  the  phenolsulfonphthalein  series,  and  are 
studying  extensively  by  the  use  of  spectrophotometric  methods  and  the 
hydrogen  electrode.  -  + 

Not  only  was  the  quinone-phenolate  group  — C(:C6H4:0)(CeH40K) 
thought  to  be  deeply  colored  but  it  was  pointed  out  that  the  intensely 
colored  double  compounds  discovered  by  Jackson*  when  he  mixed  quinones 

1  Ber,,  40,  3724  (1907). 

*  This  Journal,  38,  2774  (1916). 
» Ber.,  38,  1318  (1905). 

<  Am.  Chem,  /.,  42,  115  (1909). 

»  Although  the  yellow  carboxyl  esters  of  phenolphthalein,  ROOCCfH4C(:C«H4:0)- 
(C«H40H),  have  been  isolated,  the  corresponding  3rellow  carbozylate  salts  have  not 
been  made.  As  these  must  be  present  in  the  incompletely  neutralized  solutions  of 
phenolphthalein  and  its  homologues  we  expect  to  measure  the  concentrations  of  such 
mono-  and  dibasic  salts  by  the  spectrophotometric  methods  which  we  are  now  em- 
ploying.— Brightman  and  Acrsb. 

•  Am,  Chem.  J.,  18,  i  (1894);  34f  44^  (1905). 
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and  phenolate  salts,  for  example,  O:  C«H4:  0.2CcH»0Na,  may  also  be  pres- 
ent in  solutions  of  the  dibasic  salt  (IV)  of  phenolphthalein  and  analogous 
substances,  a  fundamental  relation  overlooked  by  those  acquainted  for 
3rears  with  Jackson's  work.  Whether  the  combination  of  the  quinone 
with  the  phenolate  ion  or  with  the  nonionized  phenolate  salt  is  chiefly 
responsible  for  the  color  change  was  left  for  future  work. 

Equations  were  developed  to  show  that  the  "apparent"  afiSnity  constants 
of  the  indicators  involvcKi  the  equilibrium  constants  of  the  different  tau- 
tomeric forms,  and  the  ionization  constants  of  both  the  carboxyl  group 
and  the  phenol  group,  as  had  already  been  proved  experimentally  with 
the  urazoles.  Contrary  to  the  views  of  Hantzsch  and  Stieglitz,  that  a 
large  a£5nity  constant  for  the  carboxyl  group  would  cause  a  greater  tendency 
to  produce  the  red  color  or  red  salt,  our  equations  showed  that  the  addi- 
tion of  a  small  fraction  of  a  mol.  of  alkali  to  a  strongly  add  carboxyl 
group  wotdd  cause  the  formation  of  a  greater  amount  of  the  faint  yellow 
carboxyl  salt  and  hence  less  of  the  (dibasic)  phenol  salt  of  such  carboxyl 
salt  and  less  intense  color.  At  that  time  we  had  developed  and  applied 
to  the  urazoles  the  equations  for  only  tnoftobasic  tautomeric  acids,  but  we 
pointed  the  way^  for  the  extension  of  these  methods  to  dibasic  adds  when 
we  could  take  up  the  quantitative  study  of  this  indicator  theory.  The 
equations  covering  fully  the  complete  theory  have  now  been  developed 
by  Birge  and  Acree  and  applied  extensivdy  in  work  soon  to  sqppear.  This 
theofy  and  our  equatii»is  have  meanwhile  been  accepted  and  devdoped 
further  for  special  cases  in  the  last  few  years  by  Wegschdder,  A.  A.  Noyes, 
Rosenstein,  Biddle,  Willstaetter,  Bjerrum,  Jones,  Schaeffer  and  Paulus, 
Lubs  and  Clark,  and  Cain. 

Theoretical  Discussion  of  the  Sulfonphthalein  Series. 

Owing  to  the  necessity  for  preliminary  work  on  the  theory  that  both 
the  imis  and  molecules  of  dectrol3rtes  are  diemically  active,  which  had 
to  be  completed  before  we  could  explain  the  reactions  of  alkyl  halides 
with  salts  of  indicators,  the  quantitative  study  of  the  quinone-phenolate 
theory  of  indicators  was  delayed  until  the  investigations  on  the  color  changes 
produced  by  the  addition  of  alkalies  to  phenolsulfonphthalein  and  its 
derivatives  were  taken  up  in  1914-15  in  understanding  with  Professor 
Remsen,'  who  first  devdoped  this  group  in  1890. 

<f  ^V-C(C,HiOH),  <^'""^V-C(:CtH4:0)(C.H40H) 


<:j>-c,:< 


so»-o  soja 

Colorlffw  ]actoid.  Yellow  quindd  add. 

(V)'  (VI). 

1  Acree,  Am,  Ckem.  J.,  39,  538,  540.  542  (199S). 
» Ibid.,  30,  257  (1898);  35,  aoi  (1901). 


Digitized  by 


GooQle 


1 194  ^-  C.  WHITE  AND  S.  P.  ACRI^. 

SOi-K-^  SQiK 

Yellow  quinoid  salt.  Intense  red  quinone-phenolate  salt. 

(VII).  (Vin). 

The  sulfonphthaleins  were  chosen  for  further  work  because  it  seemed 
probable  that  they  would  3rield  definite  monobasic  and  dibasic  salts  and 
hence  give  .final  crucial  evidence  that  the  chief  cause  of  the  intense  color 
in  alkaline  solutions  is  due  to  the  dibasic  quinone-phenolate  salt  (IV)  and 
(Vlll),  and  that  the  monobasic  salt  (III)  and  (Vll)  postulated  formerly 
by  others  as  a  deeply  colored  salt,  would  prove  to  have  only  a  faint  yellow 
color  arising  from  the  quinone,  in  accordance  with  our  theory.  These  salts 
were  prepared  about  4  years  ago  and  since  we  have  now  completely  sub- 
stantiated the  theory  by  spectrophotometric  methods  the  work  will  now 
be  described.  The  properties  of  the  sulfonphthaleins  are  almost  ideal  for 
a  study  of  this  kind.  In  the  first  place  they  are  soluble  in  both  water  and 
alcohol,  like  most  sulfonic  adds,  and  unlike  the  phenolphthaleins.  In 
the  second  place,  the  substances  are  colored  in  the  solid  state  and  in 
solution  and  would  seem  to  exist  in  part  at  least  in  the  quinoidal  condi- 
tion (VI).  This  fact  reminds  us  of  the  deep  color  shown  by  fluorescein 
and  eosin,  which  show  a  decided  contrast  to  phenolphthalein,  which  is 
colorless  in  the  solid  state  and  in  solution.  If  the  colored  phendsuKon- 
phthalein  exists  appreciably  in  quinoidal  form  in  solution,  the  fact  should 
be  demonstrated  readily  not  only  by  the  color  changes  but  especially  by 
the  affinity  constants  of  the  sulfonic  add  and  of  the  phenol  groups  as 
determined  by  conductivity  methods,^  the  hydrogen  dectrode,  catalytic 
methods,  and  colorimetric  or  spectrophotometric*  methods.  A  glance  at 
the  Formulas  V  and  VI  shows  that  in  V  we  have  two  phenol  groups  which 
are  certainly  very  weak  adds.  In  Formula  VI  we  have  a  sulfonic  add 
and  a  phenol  within  the  same  molecule.  The  sulfonic  adds  are  very  strong 
adds,  approaching  the  mineral  adds  in  affinity  constants,  and  the  direct 
measurement  of  tlie  conductivities  of  the  solutions  of  the  phenolsulfon- 
phthaleins  and  the  use  of  the  ionic  vdodties  found  for  sudi  substances 
should,  therefore,  give  us  some  measure  of  the  relative  per  cent  of  (V)  and 
(VI).  This  is  in  dedded  contrast  to  the  foct  that  the  carboxyl  groups  of 
solutions  of  phenolphthalein,  fluorescdn,  and  eosin  give  so  few  ions  and 
the  conductivities  are  so  small  that  this  direct  method  can  not  be  used. 
The  conductivities  of  phenolsulfonphthalein  at  varous  concentrations 
have  been  used'  as  a  direct  measure  of  the  per  cent,  o  the  quinoidal  form 
in  the  solution  and  these  results  have  been  verified  to  some  extent  by 

1  White  and  Acree,  Tfiis  Jouknal,  39»  648  (1917). 
'  White  and  Acree,  Ibid,,  4o»  1092  (19x8). 
*  White  and  Acree«  Loc.  cU. 


Digitized  by 


GooQle 


KSACnONS  Ot  PHENOI^ULirONPHTHALEIN.  II95 

oofTespoading  measurements  by  the  use  of  the  hydrogen  electrode,  and 
spectrophotometries  data  for  the  free  add  and  its  mono-  and  dibasic 
salts.  Since  the  lactoidal  phenolsulfonphthalein  is  doubtless  colorless, 
the  yellow  color  given  by  the  monobasic  salt  (VII)  and  that  given  by 
solutions  of  the  free  add  could  also  be  used  as  a  measure  of  the  per  cent, 
erf  the  quinoidal  form  in  equiUbrium  with  the  colorless  lactoidal  substance. 

The  addition  of  alkalies  to  soluticms  of  the  sulfonphthalrins  and  the 
isolation  of  mono-  and  dibasic  salts  has  allowed  us  to  differentiate 
between  the  colors'  and  spectra  of  the  monobasic*  salt  (VII)  and  the 
(fibadc  salt  (VIII)  and  has  given  evidence  which  has  dedded  beyond 
question  whether  the  monobasic  salt  or  the  dibasic  salt  is  responsible 
for  the  intense  color  dianges.  A  consideration  of  the  affinity  con- 
stants' of  the  sulfonic  adds,  about  io~~S  and  of  the  phenols  about 
lo"*  to  io~~s^  makes  it  dear  that  the  addition  of  an  alkali  to  a 
sohition  of  a  mixture  of  the  quinoidal  and  lactoidal  phenolsulfon- 
idithaldn  would  result  in  the  production  of  practically  only  the 
sulfonate  salt  in  the  first  stipes  of  the  titration  and  that  only  toward  the 
end  of  the  introduction  of  one  molecule  of  alkali  would  the  partition  of 
the  alkali  between  the  remaining  free  sulfonic  add  and  the  entirdy  free 
phenol  result  in  the  production  of  appreciable  quantities  of  the  intensdy 
colored  dibasic  salt.  If  the  yellow  color  and  spectrum  of  the  solution  of 
the  phenolsulfonphthalein  arise  merdy  from  the  presence  of  the  quinone 
group,  tmcombined  with  appreciable  amounts  of  ionized  or  nonionized 
phenols,  the  monobasic  salt  (VII)  should  have  practically  only  the  same 
]rdlow  color,  which  would  diange  to  an  intense  red  only  after  the  addi- 
tion of  suffident  quantities  of  alkali  to  neutralize  a  part  of  the  phenol 
group  in  (VII)  and  allow  the  formation  of  the  quinone-phenolate  salt  and 
the  intensely  colored  double  compound  (IV)  and  (VIII)  arising  from  the 
union  of  the  quinoidal  group  with  the  phenolate  ion  or  the  nonionized 
phem^te  salt.  Since  it  requires  0.85-0.95  mol  of  alkali  to  change  the 
ydlow  add  noticeably  into  a  red  salt,  whose  concentration  increases  tmtil 
2  or  more  mols  of  alkali  are  added,  the  evidence  is  fortunatdy  so  condu- 
sive  that  there  is  no  doubt  that  the  monobasic  salt  (VII)  is  yellow  like 
the  free  add  and  is  only  faintly  colored  in  comparison  with  the  intensity 
of  the  odor  of  the  deq)  red  dibasic  salt  (VIII) ;  and  the  absorption  spectra 
substantiate  this  evidence. 

The  comparison  of  the  colors  of  the  free  phenolsulfonphthalein  with 
those  given  by  the  Jree  tetrabromo  and  tetranitro  derivatives  gives 
us    the    much    needed    proof    that    the  chief    source  of    the  intense 

>  White  and  Acree,  Loc,  oU,  and  data  soon  to  be  published  by  Guy,  Birge,  Bright- 
man,  Hoplidd,  Meadiam  and  Acree. 

*  Whhe  and  Acree,  Science,  4a,  loi  (1915);  Tms  Journal,  40»  1093  (1918). 

*  Lttbf  and  Acree,  Tms  Journal,  38, 3773  (1916). 
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color  is  a  combination  of  the  quinone  with  the  phenolate  ion.  If  the  view 
were  correct  that  the  deep  color  of  phenolphthalein  comes  from  a  mono- 
basic carboxyl  salt,  it  follows  at  cmce  that  a  solution  of  phenolsulf onphthal- 
ein,  with  a  high  conductivity  arising  from  the  highly  ionized  sulfonic  add, 
shoidd  have  a  deep  red  color  corresponding  to  the  color  of  the  red  solution 
produced  by  the  addition  of  two  mdecules  of  alkali.  The  facts  are  against 
this  hypothesis,  as  the  solution  is  yellow,  because  of  the  quinone  group. 
If,  on  the  other  hand,  the  theory  is  correct  that  the  solution  becomes 
deeply  colored  only  after  the  formation  of  quitume^pheHokUe  ions,  the  addi- 
tion of  bromo  or  nitro  groups  to  the  phenol  groups  should  (and  does) 
increase  the  ionization  and  conductivity^  of  the  phenol  and  hence  causes 
the  solutions  of  tetrabromo-  and  tetranitro-phenolsulfonphthalein  to  have 
much  more  of  the  corresponding  blue  and  red  odors  given  by  the  dibasic 
salts.  Furthermore,  the  addition  of  hydrochloric  add  to  solutions  of  the 
free  tetrabromo-  and  tetranitro-phenolsulfonphthalein  should  suppress 
the  ionization  of  the  phenol  groups  and  hence  change  the  intense  blue  and 
red  colors  to  the  faint  yellow  of  the  nonionized  quinone  phenols,  which 
become  ionized  and  deeply  adored  again  when  the  add  is  n^itralized  with 
alkalies  or  diluted  with  water.  The  bromophenol  groups  of  the  tetra- 
bromo-phenolsulfonphthalein  are  not  as  highly  ionized  as  are  the  nitro- 
phenols  and  we  find  that  the  conc^itrated  solutions  show  less  of  the  blue, 
which  comes  out  strongly  on  diluting  the  solution  or  adding  alkalies, 
The  nitrophenol  groups,  however,  are  much  more  highly  ionized  and  give 
enough  quinonephenolate  ions  to  form  an  intensdy  red  color  which 
is  very  Uttle  accentuated  by  the  addition  of  alkalies  to  deep  layers  of  the 
solution  studied.  The  addition  of  considerable  hydrochloric  add  suppresses 
the  intense  red  to  the  yellow  of  the  quinone-^henol.  This  yellow  color 
changes  into  the  red  again  when  the  soluticm  is  diluted  with  water  or  neu- 
tralized with  alkali.  Spectroscopic  evidence  favoring  these  views  has  al- 
ready been  published  by  us  and  the  other  descriptive  matter  is  presented 
in  this  artide. 

Tl^  stilf onphthaleins  are  particularly  adapted  to  this  study  for  another 
reason.  Although  there  is  much  left  to  be  desired  concerning  the  sol- 
ubility of  these  substances,  which  we  shall  try  to  increase  by  the  intro- 
duction of  more  sulfonic  add  groups,*  they  are  much  more  soluble  in  water 
and  in  alcohols  than  are  the  phenolphthaldns,  fluoresceins,  aurines,  and 
analogous  substances.  It  is  easy  to  prepare  o.oai  N  solutions  of  phenol- 
sulfonphthalein  and  of  its  tetrabrcHno  and  tetranitro  derivatives,  and 

*  Tms  JoTTRNAi,,  39, 648  (1917). 

^  This  method  of  increastng  the  solubility  of  dyes  and  indicators  by  introduciiig 
sulfonic  add  groups  has  been  emphasized  in  lectures  on  dyes  for  a  suunber  of  years 
and  will  be  used  as  widely  as  possible,  especially  in  the  aurine  and  phenotpli^udein 
series  which  are  sparingly  soluble  in  water. 
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Lubs  has  f otmd  thymolsulfonphthalein  and  its  dibromo  derivative  to  be 
even  more  soluble.  It  is,  therefore,  much  easier  to  measure  the  colors 
and  affinity  constants  of  the  sulf  onphthaleins  directly  than  can  be  done 
with  the  phenolphthaleins  and  this  fact  makes  it  much  easier  to  study 
the  chai^;es  in  color  and  in  affimty  constants  produced  by  substituent 
groups  in  the  benzene  sulfonic  add  grouping  and  in  the  phenol  groups. 
It  is  possible  to  introduce  n^ative  chloro,  bromo  and  nitro  groups,  or  basic 
amino  or  substituted  amino  groups,  or  neutral  alkyl  groups,  or  add  phenol 
and  sulfonic  add  groups,  into  both  the  benzene  sulfonic  add  and  the 
phencd  groups  of  the  sulf  onphthaleins  and  obtain  a  large  number  of  homo- 
logues  and  derivatives  of  these  substances  having  a  wide  range  of  "effective" 
affinity  constants  and  useful  hydrogen  ion  concentration  ranges.  This 
part  of  the  synthetic  work  is  now  being  prosecuted  as  rapidly  as  possible 
by  us^  and  also  by  Professor  Omdorff ,  who  has  reached  an  understanding 
with  us  and  has  begun  work  along  similar  Unes  involving  the  sulf  onphthal- 
eins. The  measurement  erf  the  "effective**  affinity  constants  of  the 
sulfonphthaleins  by  both  the  hydrogen  dectrode  and  by  very  accurate 
spectrophotometric  methods  involving  studies  of  "salt  effects**  was  pro- 
posed by  one  of  us  and  eictensive  investigations,  partly  completed,  are 
underway. 

Experimental. 

Pteparatioii  of  the  Acid  Anunonium  Salt  of  Orthosulfobenzoic  Acid. — 
This  substance,  which  is  the  starting  point  in  the  preparation  of  phenol- 
sulfonphthaldn,  is  prepared  by  the  hydrol3rsis  of  saccharine.  400  g.  of 
sacdiarine  is  suspended  in  6  or  7  liters  of  water  to  which  500  cc.  of  cone, 
hydrochloric  add  has  been  added.  The  mixture  is  boiled  until  all  the 
saccharine  has  been  dissolved,  and  water  is  added  to  replace  that  lost  by 
evaporation.  The  commerdal  saccharine  available  at  present  is  very 
pure  (ours  was  obtained  from  the  Monsanto  Chemical  Works,  of  St.  Louis) 
and  does  not  deposit  the  p-sulfaminebenzoic  add  present  as  impurity  in 
the  material  used  by  Remsen  and  his  students.  After  solution  of  the 
saccharine  the  liquid  is  evaporated  to  about  600  cc,  with  constant  stirring 
when  the  volume  becomes  small.  On  cooling,  most  of  the  add  ammonium 
salt  crystallizes  out. 

Preparation  of  the  Anhydride  of  O-sulfobenzoic  Acid. — ^This  sub- 
stance has  been  variously  prepared — by  heating  the  add,  by  distilling  the 
add  with  phosphorus  pentoxide,  and  by  the  action  of  chlorinating  agents 
on  the  add  salts.  The  first  method  is  imsatisfactory,  for  the  add  loses 
its  water  with  great  difficulty.  The  second  method  also  is  unsatisfactory, 
because  of  the  bulk  of  the  pentoxide  needed  when  any  considerable  quan- 
tity of  the  anhydride  is  to  be  prepared,  and  also  because  the  dehydration 

1  See  Davis  and  White,  /.  Urology,  2,  107  (1918),  for  the  synthesis  of  a  number  of 
inqKxtant  compounds  m  the  sulfonphthalein,  phenolphthalein  and  other  series. 
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is  accompanied  by  excessive  charring.  The  distillate  of  the  anhydride, 
moreover,  is  likely  to  be  dark  colored,  owing  to  volatile  impurities  carried 
ov&r  with  it.  Both  these  methods  are  also  open  to  the  objection  that 
the  free  add  is  hard  to  prepare. 

The  most  satisfactory  method  for  the  preparation  of  the  anhydride 
involves  the  use  of  thionyl  chloride.  After  we  had  developed  the  use  of 
this  reagent,  which  we  have  applied  extensively,  we  learned  that  Cobb* 
had  used  this  reagent  on  the  acid  potassitun  salt,  and  obtained  a  yield  of 
80%  of  the  anhydride.  The  action  of  the  thionyl  chloride  seems  to  be 
confined  entirely  to  the  carboxyl  group.  We  have  modified  this  method 
somewhat,  and  have  obtained  nearly  theoretical  yields,  even  though  the 
method  involves  the  extraction  of  the  anhydride  by  means  of  benzene. 
We  used  the  acid  ammonitun  salt  instead  of  the  potassium  salt,  and 
found  it  unnecessary  to  use  the  large  amounts  of  thionyl  chloride  recom- 
mended by  Cobb.  Enough  of  the  chloride  is  used  just  to  wet  the  salt 
thoroughly.  The  salt  must  be  finely  powdered.  The  mixture,  under  a 
reflux  condenser,  is  heated  on  the  water  bath  for  3  hours;  the  excess  of 
the  chloride  is  distilled  off  in  vacuo ,  a  small  amount  of  the  anhydride  being 
carried  along.  The  residue,  consisting  of  the  anhydride  and  ammonium 
chloride,  forms  a  hard  cake,  and  the  flask  must  sometimes  be  broken  in 
order  to  remove  it.  It  is  broken  up  and  extracted  with  dry  benzene. 
The  use  of  the  usual  paper  thimble  is  not  permissible,  as  the  paper  chars 
badly  and  contaminates  the  product.  The  benzene  solution  darkens 
somewhat  as  the  extraction  proceeds,  but  on  cooling  it  deposits  beautiful, 
colorless  crystals  of  the  anhydride.  Typical  preparations  gave  the  fol- 
lowing yields: 

1.  50  g.  add  salt  and  80  g.  thionyl  diloride  gave  30  g.  anhydride,  conresponding 
to  a  3deld  of  80%. 

2 .  150  g.  add  salt  and  200  g.  thionyl  diloride  were  used.    60  g.  of  the  chloride  was 
recovered.    115  g.  of  the  anhydride  was  obtained,  or  91%  of  the  theory. 

Preparation  of  Phenolsulfonphthalein. — ^As  the  product  of  the  action 
of  thionyl  chloride  on  the  add  ammonitun  salt  should  consist  of  only 
ammonitun  chloride  and  the  anhydride,  there  appeared  to  be  no  reason 
why  we  should  not  proceed  directly  to  the  preparation  of  phenolsulfon- 
phthalein by  heating  such  a  mixture  with  phenol,  without  previously 
extracting  the  anhydride.  We  made  many  attempts  to  prepare  the  an- 
hydride in  this  way,  but  were  imsuccessful.  The  mixture,  when  heated 
for  24  hotu^  at  130-135^,  formed  a  red,  tarry  mass,  which  on  boiling  with 
water  became  oily.  The  oil  dissolved  in  alcohol  to  give  an  orange  solu- 
tion, from  which  crystals,  presumably  of  benzoic  add,  separated.  They 
were  recrystallized  several  times  by  dissolving  in  alcohol  and  repredpitat- 
ing  with  water,  and  then  showed  the  mdting  point  of  benzoic  add.  This 
^  Am,  Chem.  /.,  35,  502  (1906). 
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was  not  changed  by  mixing  the  substance  with  benzoic  acid.  We  made 
no  further  attempts  to  identify  the  other  substances. 

By  heating  the  pure  anhydride  with  phenol,  formation  of  the  phthalein 
readily  takes  place.*  io8  g.  of  the  anhydride  was  mixed  with  120  g.  of 
-phenol,  and  heated  in  an  oil  bath  at  130-135**.  The  mixture  fuses  to 
a  yellow  liquid  as  soon  as  the  phenol  melts.  The  color  soon  becomes 
deep  red,  and  the  liquid  slowly  becomes  opaque  and  viscous.  The  max- 
imum viscosity  seemed  to  be  reached  after  about  6  hours'  heating;  18  hours 
further  heating  produced  no  appreciable  difiference.  The  product  dis- 
played a  green-red  irridescence.  The  excess  of  phenol  was  distilled  out 
with  steam,  the  residue  washed  with  water,  dissolved  in  alkali,  filtered 
&tmi  a  small  amount  of  insoluble  matter,  and  precipitated  with  add.  It 
was  then  washed  again  and  dried. 

We  made  many  attempts  to  find  a  means  of  crystallizing  this  material. 
It  is  only  slightly  soluble  in  all  the  solvents  that  were  tried,  with  the 
exception  of  hot  phenol  and  glacial  acetic  add.  One  g.  of  the  material  was 
dissolved  in  about  50  cc.  of  bdling  phenol.  The  solution  was  allowed  to  cool 
as  far  as  possible  without  solidification,  and  a  large  amotmt  of  ether  was 
added.  A  very  fine,  granular  powder  separated  out,  which  under  the 
microscope  showed  poorly  crystalline  form.  This  powder  was  thoroughly 
washed  with  ether  to  remove  phenol  and  dried  at  120^.  It  is  more  soluble 
in  water  than  the  product  obtained  by  predpitation  from  alkaline  solu- 
tion, and  is  lighter  in  color.  The  difference  in  solubility  is  doubtless  due 
to  the  smaller  size  of  the  partides. 

Titrations  of  Phenolsulfonphthalein.^— The  powder  is  soluble  in  water 
to  the  extent  of  0.03  g.  in  100  cc.  Solution  is  extremdy  slow,  and  the  water 
must  be  boiled  vigorously.  The  solution  sometimes  shows  a  slight  doudi- 
ness,  but  the  amount  of  material  in  suspension  from  0.03  g.  of  the  phthalein 
is  not  wdghable« 

The  alkali  used  in  the  titrations  was  prepared  by  dissolving  soditun 
in  freshly  boiled  distilled  wato*.  The  solution  was  titrated  against  hydro- 
chloric add  that  had  been  standardized  gravimetrically,  and  was  used 
immediatdy  against  the  phthalein  solution. 

From  what  has  been  said  in  the  earlier  part  of  this  paper,  we  should 
expect  that  when  alkali  is  added  to  such  a  phthalein  solution  the  first 
reaction  would  be  the  formation  of  a  monobasic  salt,  a  sulfonate.  This 
reaction  should  continue  until  approximatdy  all  of  the  sulfonic  add  is 

*  At  the  suggestion  of  one  of  us  Mr.  L.  R.  Baldwin  has  shown  that  stannic  chloride 
is  an  excellent  condensing  agent  for  the  preparation  of  phenolphthalein  from  phthalic 
anhydride  and  phenol.  We  expect  to  use  the  stannic  chloride,  and  other  similar  salts 
easily  decomposed  by  water,  widely  in  the  preparation  of  phthaleins,  sulfonphthaleins 
and  similar  compounds. 

*  The  material  used  In  some  of  these^titrations  was  kindly  furnished  by  Mr.  H.  A. 
B.  Dmrning  of  the  firm  of  Hynson,  Westcott  &  Dunning,  Baltimore. 
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neutralized,  when  the  alkali  should  act  on  the  phenolic  hydroxyl  and  thus 
form  an  intensely  colored  dibasic  salt.  According  to  the  quinone-phe- 
nolate  theory,  the  solution  of  the  monobasic  sulfonate  should  not  differ 
materially  in  color  from  that  of  the  free  add;  hence,  we  should  be  able  to 
add  to  the  soluticm  of  the  add  approximately  one  equivalent  of  alkali 
without  the  appearance  of  a  color  change,  but  on  further  addition  of 
alkaU  an  intense  color  should  appear,  due  to  the  formation  of  the  dibasic 
salt,  which  contains  the  quinone-phenolate  complex,  whereas  the  free  add 
and  the  monobasic  salt  do  not. 

A  sattu'ated  solution  of  phenolsulfonphthalein  in  water  has  an  orange 
color.  This  is  what  we  might  expect  from  the  fact  that  the  dye  has  a 
quinone  group.  If  a  drop  of  very  dilute  alkali  is  added,  an  intensely  red 
or  purple  streamer  appears  locally,  but  disappears  when  the  solution  is 
stirred.  As  more  alkali  is  added  the  jdienomenon  is  repeated,  until  at 
a  certain  point  the  solution  develops  a  red  tinge  which  does  not  disappear 
on  stirring.  Two  drops  of  0.02  A/^  alkali,  or  about  o.io  cc.,  make  this 
color  change  marked. 

Although  we  have  carefully  considered  the  possibility  that  swne  of  these 
color  phenomena  may  arise  from  impurities  in  the  phenolsulfonphthalein, 
we  bdieve  that  the  explanation  of  these  color  changes  is  obvious.  When 
a  drop  of  alkali  is  added  to  the  orange  solution,  the  alkali  is  locally  in 
excess  of  the  phthalein,  and  some  of  the  intensely  colored  dibasic  salt  is 
formed.  As  this  is  stirred  up,  it  is  acted  upon  by  the  free  add,  with  the 
formation  of  the  monobasic  salt,  which  is  not  intensely  adored: — 


XI>^        X>^         XI>^ 


Intensely  colored.  Yellow.  Yellow. 

The  final  appearance  of  the  persistent  red  color  is  due  to  the  permanent 
formation  of  dibasic  salt. 

The  following  data  show  the  amoimt  of  alkali  required  to  produce  the 
permanent  color  change.  Approximately  0.02  N  alkaU  was  found  to  be 
suitable  for  the  titrations.  In  the  coliunn  headed  "cc.  NaOH,  theory" 
are  given  the  number  of  cc.  of  alkaU  corresponding  to  one  molecular 
equivalent  with  respect  to  the  phthalein. 

Titrations  1-6,  indusive,  were  made  with  material  obtained  from 
Hynson,  Westcott  and  Dunning,  the  others  were  made  with  material  of 
our  own  preparation,  10,  11  and  12  having  been  crystallized  frcmi  phenol 
by  the  method  already  described.  (Most  recent  preparations  have  re- 
quired 0.93  to  0.95  mol  alkali  and  further  purification  will  be  attempted 
for  the  very  exact  spectrophotometric  data. — S.  F.  A.) 
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Wt.  of         Vol.  of  solu-    Cc.  NaOH,     Cc.  NaOH         %  of  1 
No.  phthalein.        tion.    Cc.         theory.  found.  moL  eq. 

1 0.0314  300  4.28  3.75  87.6 

2 0.0310  150  4.28  3.73  87.1 

3 0.0288  125  3.99  3.43  87.2 

4 0.0322  200  4.40  3.77  85.6 

5 0.0176  20  •  2.40  2.10  87.5 

6 0.0420  150  5.73  4*97  86.6 

7 0.0131  100  1.73  1. 51  87.2 

8 0.0389  300  5.95*  476  80.0 

9 0.Q329  300  5.03  3.96  78.7 

10 0.0297  ...  4.54  411  90.5 

II 0.0252  ...  3.86  3-49  90.4 

12 0.Q329  ...  5.04  4.41  87.5 

Av.,  86.3 

The  fact  that  less  than  one  equivalent  of  alkali  is  required  is 
explained  as  follows:  as  more  and  more  of  the  sulfonic  add  is 
neutralized,  the  ionization  of  the  remaining  sulfonic  add  is  suppressed, 
and  its  aridity  is,  in  effect,  lowered.  When  approximately  95%  of  one 
molecular  equivalent  of  alkali  has  been  added,  there  are  present  about 
100  parts  of  phenol  hydroxyl  to  every  5  parts  {at  most,  depending  cm  the 
purity)  of  stdfonic  add  still  unneutralized.  Since  the  ionization  of  this 
remaining  free  sulfonic  add  is  reduced  by  the  presence  of  the  sulfonic 
add  salt  already  formed,  the  phenol  can  at  this  point  visibly  compete 
with  the  sulfonic  add  for  the  alkali.  Hence,  further  addition  of  alkaU 
results  in  the  formation  of  the  phenolate  group,  with  the  consequent  appear- 
ance of  intense  color.  These  figures  vary,  of  course,  with  the  piuity  of 
the  compotmd  and  the  substituent  groups,  as  has  been  shown  by  Lubs 
and  Acree.* 

These  titrations  show,  then,  that  we  can  add  nearly  one  mdjecular 
equivalent  of  alkaU  before  the  appearance  of  a  color  diange;  in  other 
words,  the  monobasic  salt  does  not  differ  in  ccAor  to  any  appreciable 
extent  from  the  free  add. 

Monopotassium  Salt. — ^We  have,  moreover,  isolated  monobasic  salts 
of  phenolsulfonphthaldn,  although  we  are  not  sure  that  they  are 
perfectly  piure.  In  every  case  the  color  of  the  solutions  of  these  salts 
is  orange;  the  addition  of  alkaU  to  these  solutions  produces  an  intense 
purple  color,  due  to  the  formation  of  the  dibasic  salt.  When  solid 
phenolsulfonphthaldn  is  stirred  up  with  enough  strong  potassium  hydrox- 
ide to  dissolve  it,  the  intense  purple  odor  is  developed,  but  if  an 
excess  of  the  phthalein  is  now  added,  the  solution,  on  stirring,  becomes 

^  A  new  standard  alkali  solution  was  used  in  this  and  succeeding  titrations,  which 
accounts  for  the  fact  that  8  required  a  larger  volume  of  alkali  than  did  6,  although 
Sami^  8  was  smaller  than  Sample  6. 

*  Lube  and  Acree,  Tms  Journal,  38,  2772  (1916). 
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orange-red,  and  more  of  the  phthalein  dissolves.  Such  a  solution,  in 
which  no  more  phthalein  would  dissolve,  was  filtered,  and  the  rather 
viscous  filtrate  was  evaporated  to  dr3mess  on  the  water  bath.  The  loss 
of  water  was  slow,  especially  towards  the  end  of  the  process.  A  glassy, 
brittle,  dark-red  residue  was  obtained.  The  material,  after  being  findy 
ground  in  an  agate  mortar,  was  dried  to  constant  weight  at  120^.  It 
was  analyzed  for  potassium  by  converting  it  to  potassium  sulfate.  As 
the  digestion  with  cone,  sulfuric  add  was  extremely  difficult,  the  material 
was  first  ignited  in  a  platinum  crucible  until  the  ash  was  perfectly  white; 
this  was  dissolved  in  dil.  sulfuric  add,  carefully  evaporated  to  dryness, 
and  again  ignited.  It  was  found  that  the  ash  formed  by  the  first 
ignition  gained  practically  no  wdght  by  the  treatment  with  sulfuric  add; 
hence  it  must  have  consisted  almost  entirdy  of  sulfate. 

Potassium  salt,  0.15x0,  0.3877.    K!aS04,  0.0327,  0.0821. 
Calc.  for  CitHiaOiSK:  K,  9.98.    Pound:  9.71,  9.50. 

Although  the  potassium  content  is  a  Uttle  low  for  the  monobasic  salt, 
there  is  probably  a  trace  of  the  dibasic  salt  present  also,  for  the  ccior  of 
the  solution  of  the  substance,  while  distinctly  orange,  is  noticeably  deeper 
than  that  of  the  free  add  or  of  a  solution  of  the  free  add  to  which  as  much 
^  75%  oi  one  molecular  equivalent  of  alkali  has  been  added.  When  we 
consider  how  intensdy  colored  the  dibasic  salt  is,  we  see  that  a  very  small 
amount  of  it  would  affect  the  color  of  the  monobasic  salt  very  consider- 
ably. However  that  may  be,  the  color  of  the  product  is  so  far  different 
fixmi  that  produced  when  more  alkali  is  added  to  it  that  there  can  be  no 
doubt  as  to  the  wide  difference  between  the  ccdors  of  the  monobasic  and 
dibasic  salts. 

In  accounting  for  the  low  potassium  content,  we  must  consider  that 
phenolsulfonphthalein  is  somewhat  soluble  in  water,  and  the  method  of 
preparation  of  our  monobasic  salt  permits  the  solution  of  a  certain  quantity. 
This  lowers  the  potassium  content  of  the  product.  The  substance  is, 
then,  most  likdy  contaminated  with  small  amounts  of  dibasic  salt  and 
of  firee  add.  The  coexistence  of  the  latter  two  would  not  be  surprising, 
for  we  have  the  same  condition  when  there  has  been  added  86  to  95% 
of  one  equivalent  of  alkali  in  the  titrations  already  described. 

The  monobasic  salt  is  readily  soluble  in  water  and  in  alcohol,  but  in- 
soluble in  ether.  If  ether  is  added  to  the  alcoholic  solution  an  emulsion 
is  formed,  and  on  standing  the  salt  forms  a  sticky  mass  on  the  sides  of  the 
vessd,  and  does  not  crystallize. 

Mono-silver  Salt. — ^When  a  water  suspension  of  silver  oxide  and  phenol- 
sulfonphthalein is  shaken  up  a  purple  color  devdops  at  first.  If  an  excess 
of  silver  oxide  is  present,  the  purple  color  (dibasic  salt)  remains  for  a  time, 
but  soon  a  brown  sludge  forms,  which  is  so  findy  divided  that  it  passes 
through  filter  paper.    This  is  probably  due  to  the  reducing  effect  of  the 
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phenol  group  upon  the  oxide.  If,  on  the  other  hand,  an  excess  of  the 
phthalein  is  used,  the  purple  color  gives  way  to  an  orange  one,  and  all 
the  silver  oxide  dissolves.  The  solution,  when  filtered  and  evaporated 
in  the  same  manner  as  the  potassium  salt,  gives  a  material  identical  in 
appearance  with  that  salt,  and  showing  the  same  solubility  and  color  of 
solution.  On  ignition  it  gives  metallic  silver,  although  we  might  expect 
that  silver  sulfide  or  sulfate  would  be  formed  from  a  silver  salt  of  a  sul- 
fonic add.    The  analyses  follow: 

Subs.,  0.3556,  04153.    Ag,  0.0591,  0.0958. 

Calc.  for  CisHuOiSAg:  Ag,  23.39.    Pound:  23.12,  23.06. 

Mono-calcium  Salt — Calcium  carbonate  in  excess  was  shaken  up  with 
a  water  suspension  of  phenolsulfonphthalein  and  allowed  to  stand,  with 
frequent  shaking,  for  several  days.  The  orange-colored  solution  was 
filtered  and  evaporated  as  in  the  other  cases.  A  sample  dried  to  constant 
weight  was  ignited,  evaporated  with  sulfuric  add,  and  ignited  again. 

Subs.,  0.1085;  CaSOi,  0.0210. 

Calc.  for  (Ci»HuOiS)tCa:  Ca,  5.6^    Pound:  5.3. 

This  salt  was  similar  to  the  oth&r  monobasic  salts  in  every  respect. 

Pyridine  Salt. — Phenolsulfonphthalein  readily  dissolves  in  pyridine. 
An  excess  of  the  latter  was  used,  the  solution  was  filtered  and  evaporated 
on  the  water  bath.  (The  use  of  an  excess  of  the  dye  gives  a  viscous  mass 
from  which  the  excess  cannot  be  filtered.)  The  salt  formed  a  soft,  tarry 
mass,  whose  solution  resembled  in  color  that  of  the  other  salts.  When 
heated  to  1 10-120®  it  became  hard  and  dry,  but  still  smelt  of  pyridine. 
This  odor  did  not  disappear  even  when  the  salt  was  allowed  to  stand 
over  sulfuric  add  in  a  vacuum,  and  the  attempt  to  remove  the  free  pyri- 
dine by  heating  the  material  at  120®  for  a  long  time  resulted  in  decomposi- 
tion. 

An  attempt  was  made  to  prepare  a  pyridine  salt  by  allowing  the  phenol- 
sulfonphthalein to  stand  over  pyridine  in  a  desiccator.  The  substance 
attracted  much  pyridine,  finally  forming  a  liquid  mass  like  that  obtained 
in  the  previous  experiment. 

Anunonium  Salts  of  Phenolsulfonphthalein. — These  salts  were  pre- 
pare by  the  action  of  dry  ammonia  gas  upon  weighed  quantities  of  the 
sulfonphthalein.  The  anunonia  was  generated  by  placing  a  mixture  of  lime 
and  ammonium  chloride  in  a  desicdator,  which  also  contained  over  this 
mixture  a  dish  holding  a  large  amotmt  of  soditun  wire.  The  sulfonphthalein 
changed  from  a  red  to  an  almost  black  color  very  soon  after  it  was  placed 
in  the  atmosphere  of  ammonia,  and  this  dark  material  dissolved  in  water 
with  the  intense  purple  color  characteristic  of  the  dibasic  salt.  When  the 
dark  material  was  allowed  to  stand  in  the  air  or  over  sulfuric  add,  it 
gave  off  ammonia  and  slowly  changed  color  back  to  the  red  of  the  original 
phthalein.    This  red  material  was  evidently  the  mono-ammonium  salt, 


Digitized  by 


GooQle 


I204  B.  C.  WHITE  AND  S.  F.  ACRBE. 

for  it  was  readily  soluble  in  water,  giving  an  orange  solution,  and  on  anal- 
ysis gave  the  proper  per  cent,  of  nitrogen. 

These  changes  are  readily  explained.  When  the  phthalein  is  in  the 
presence  of  excess  of  ammonia,  a  dibasic  salt  is  formed,  which  is  intensely 
colored  and  gives  intensely  colored  solutions.  It  contains  an  ammonium 
sulfonate  group  and  also  a  ammonium  phenolate  group.  We  should  expect 
the  former  to  be  very  stable,  and  the  latter  to  be  stable  only  in  the  pres- 
ence of  ammonia.  Indeed,  we  might  predict  that  the  extent  to  which 
the  ammonium  phenolate  woidd  break  up  into  the  free  ammonia  and  the 
phenol  residue  would  depend  upon  the  temperature  and  the  pressure  of 
the  ammonia  in  the  atmosphere  in  which  the  salt  was  placed.  If  it  was 
placed  over  sulfuric  add,  the  ammonia  given  off  would  be  continuously 
absorbed  by  the  add,  and  all  of  the  aromonium  phenolate  woidd  finally 
be  decomposed.  A  monobasic  ammonium  sulfonate  should  be  left,  and 
according  to  the  quinone-phenolate  theory  it  should  and  does  dissolve 
in  water  with  approximatdy  the  same  color  as  the  free  phthalein. 

The  quantitative  results  obtained  show  dearly  that  the  dark  material 
is  the  dibasic  salt,  and  that  the  red  material  formed  again  when  the  di- 
basic salt  is  placed  over  sulfuric  add  is  the  monobasic  salt.  Wdghed 
samples  of  the  phthalein  were  placed  over  the  ammonia  mixture  and  al- 
lowed to  stay  there  until  the  maximum  gain  in  wdght  was  reachec^ 
Standing  overnight  was  suflSdent.  It  was  found  that  the  samples  lost 
in  wdght  sUghtly  after  this  period;  this  loss  is  not  surprising  in  view  of 
what  was  said  above  in  regard  to  the  equilibrium  conditions  existing 
between  the  ammoniiun  phenolate  and  its  decomposition  products.  After 
the  maximum  wdght  had  been  thus  attained,  the  sample  was  transferred 
to  a  sulf luic  add  desiccator  and  allowed  to  stay  there  until  minimum  wdght 
was  attained.  All  wdghings  were  made  by  quickly  transferring  the 
material  to  a  tightly  dosed  wdghing  glass,  as  the  salts  are  very  hygro- 
scopic. Minimum  wdght  was  reached  after  standing  over  sulfuric  add 
for  about  two  weeks. 

Subs.,  (phenolsulfonphthaldn)  0.1962,  0.2814.    Gain,  NHt,  0.0190,  0.0270. 

Calc  for  CitHitOtSCNHi)^:  Gain,  960.    Pound:  9.68,  9-59- 

After  standing  over  sulfuric  add  these  gains  were  reduced  to  (I)  o.oioo  g.  or  5.09%; 

(II)  0.0137  g.  or  4.86%.    Monobasic  NH4  salt  requires  4.80%. 

• 

In  order  to  study  the  effect  of  substituent  groups  on  phenolate  forma- 
tion, and  consequentiy  on  color,  we  have  prepared  bromination  and  nitra- 
tion products  of  phenolsulfonphthaldn.  The  bromine  and  nitro  groups 
are  strongly  negative,  and  their  introduction  into  the  phenol  residue  in 
ortho  position  with  reference  to  the  hydroxyl  increases  the  addity  of 
the  phenol.  We  should  therefore  expect  a  more  ready  formation  of  intense 
color  than  in  the  case  of  phenolsulfonphthaldn. 
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Tetrabromo-phenolsulfonphfhalein. — Remsen  and  Sohon^  obtained  a 
dibromo  substitution  product  by  the  action  of  bromine  on  phenc4sulfon- 
phthalein,  and  were  unable  to  obtain  a  tetrabromo  derivative  even  when 
sufficient  bromine  was  present.  The  experiments  of  Remsen  and  his 
students  with  other  sulfonphthaleins  also  led  to  the  preparation  of  com- 
pounds with  only  two  substituted  bromine  atoms.  We  have,  however, 
obtained  a  well  defined  tetrabromo  substitution  product.  Bvidently  the 
experimental  conditions  used  in  the  excellent  work  of  Remsen  and  Sohon 
differed  from  ours  in  an  tmknown  way. 

In  one  experiment  7  g.  of  sulfonphthalein,  5  cc.  of  bromine  and  150  cc.  of 
acetic  add  were  used.  The  soUd  material  did  not  dissolve  even  on  long 
standing,  but  changed  over  to  an  orange-colored,  well  crystallized  ma- 
terial. When  filtered  off,  this  appeared  pinkish.  It  was  subjected  to 
further  treatment  with  bromine  under  the  same  conditions  as  before,  and 
the  appearance  did  not  change.  The  acetic  add — ^bromine  solution  from 
the  yellow  material  was  evaporated  on  the  water  bath.  A  dark  red, 
tarry  mass  was  formed.  For  this  reason  it  is  not  advisable  to  use  a  large 
amount  of  acetic  add  in  the  preparation  of  the  tetrabromo  derivative; 
the  material  contained  in  solution  crystallizes  out  only  very  slowly,  and 
attempts  to  obtain  it  by  concentration  invariably  result  in  decomposition. 

A  much  more  satisfactory  method  is  the  following:  Five  g.  of  phenol- 
sulfonphthalein  is  suspended  in  40  cc.  of  gladal  acetic  add.  The  add 
is  heated  almost  to  boiling  and  there  is  added  little  by  Uttle  a  solution  of 
5  oc.  of  bromine  in  20  cc.  of  glacial  acetic  add,  while  keeping  the  original 
mixture  just  bdow  the  boiling  point.  Evolution  of  hydrobromic  add 
begins  as  soon  as  the  first  of  the  bromine  is  added.  The  phenolsulfon- 
fdithalein  gradually  dissolves,  and  in  its  place  a  crystalline  predpitate  of 
the  tetrabromo  derivative  settles  out.  Yidd  7.5  g.  These  crystals  are 
almost  colorless,  but  when  they  are  filtered  they  acquire  a  pink  color  as 
soon  as  the  acetic  add  is  drained  from  them.  This  color  dianges  to 
orange,  but  is  removed  if  the  crystals  are  again  moistened  with  the  add, 
returning  again  when  the  material  is  drained.  This  phenomenon  does 
not  appear  to  be  one  of  oxidation  and  removal  of  the  oxidation  product 
by  acetic  add,  for  it  appears  when  the  wet  crystals  are  dried  in  a  current 
of  carbon  dioxide.  After  a  time  the  dry  crystals  asstune  a  flesh  color, 
which  seems  to  be  uniform  and  which  has  not  changed  after  keeping  for 
more  than  two  years. 

The  product  thus  prepared,  and  washed  free  of  bromine  with  acetic 
add,  is  pure,  giving  the  following  anal3rsis  after  drying  in  the  air: 

Subs.,  0.1464;  AgBr,  0.1628. 

Cak.  for  Ci|]EiioOtSBr4:  Br,  47.7.    Pound:  47.3. 

The  material  can  be  recrystallizcfd  from  boiling  glacial  acetic  add,  but 

^  Loc,  cU, 
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a  large  amottnt  of  add  is  required  and  solution  is  slow.  A  more  satis- 
factory solvent  consists  of  a  mixture  of  acetic  add  and  acetone,  in  the 
latter  of  which  the  substance  is  very  soluble.  The  recrystallized  substance 
showed  the  same  bromine  content  as  did  the  first  oystals. 

Subs.,  o.  1 902 ;  AgBr,  0.2 1  z  5 . 

Cak.  for  CisHioOiSBri:  Br,  47.7.    Found:  47.3. 

The  behavior  of  this  substance  when  heated  in  the  capillary  tube  is  char- 
acteristic At  about  210^  a  greenish  sublimate  appears,  and  the  substance 
becomes  a  deeper  orange  in  color.  This  then  melts  sharply  at  270-271**, 
with  decomposition  and  gas  evolution.  We  intend  to  investigate  this 
substance  further. 

Di-ammonium  Salt  of  Tetrabromo-phenolsulfonphthalein.— This  salt 
was  prepared  in  the  same  manner  as  was  the  mono-ammonium  salt  of 
phenolsulfonphthalein.  It  was  fotmd  that  tetrabromo-phenolsulfon- 
phthalein  absorbed  an  amount  of  ammonia  much  in  excess  of  that  required 
for  a  dibasic  salt;  the  product  formed  by  the  absorption  was  allowed  to 
stand  over  sulfuric  add  until  minimum  wdght  was  readied.  The  gain 
indicated  a  stable  dibasic  salt.  This  is  what  we  might  expect,  for  the 
bromophenol  is  a  stronger  add  than  the  phenol  of  phenolsulfonphthalein, 
and  can  therefore  hold  the  ammonia  more  firmly. 

Subs.,  0.2473,  0.2526.    Gain,  NHt,  0.0141,  0.0126. 

Calc  for  Ci»H(OiSBr4(NH4)t:  Gain,  5.1.    Found:  5.7,  4.9. 

Preparation  of  Tetranitro-phenolsulfonphthalein. — ^Pive  g.  of  phenol- 
sulfonphthalein is  dissolved  in  30  cc.  of  cold  cone,  sulfuric  add.  Solution 
is  slow,  and  must  be  aided  by  shaking.  A  dark  red  solution  results. 
Cone,  nitric  add  is  added  a  Uttle  at  a  time  until  the  predpitate  first 
formed  no  longer  dissolves  on  agitating  the  mixture.  The  solution  is  then 
poured  into  a  moderate  amount  of  water  (about  100  cc.).  A  voluminous, 
bright  yellow  predpitate  separates  out.  Where  the  solid  is  in  contact 
with  water  a  red  color  appears,  but  as  the  red  portion  is  stirred  up  and 
comes  in  contact  with  add  it  becomes  yellow.  The  pasty  predpitate  is 
filtered  on  the  pump;  if  allowed  to  stand  long  before  filtration  it  goes  over 
to  a  colloidal  form,  and  this  material  cannot  be  filtered.  The  predpitate 
is  washed  with  water.  Complete  drying  by  suction  is  impossible,  as  the 
water  is  hdd  tenadously.  The  material  is  purified  by  crystallization  from 
boiling  acetic  add,  or  better  from  a  mixture  of  acetic  add  and  acetone. 
The  crystals  are  minute,  glistening  flakes,  which  when  dry  have  a  canary 
yellow  color. 

The  substance  showed  no  sharp  mdting  point,  slowly  passing  to  a 
shellac-like  material  above  200**.    It  was  analyzed  for  nitrogen  by  the 
Kjddahl  method,  thiosulfate  being  used  as  a  reducing  agent. 
Subs.,  0.2653, 0.2494.    Cc  0.0714  N  HtS04,  26.7,  27.5. 
Calc  for  Ci»HioOsS(NOi)4:  N,  Z0.5.    Found:  xo.q,  zi.Ow 
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Di-ammonium  Salt  of  Tetranitro-phenolsalfonphfhalein.— This  salt 
was  prepared  in  the  same  manner  as  the  other  ammonimn  salts  already 
described.    Here  again  the  substituted  phenol  is  a  sufficiently  strong  acid 
to  hold  ammonia  firmly,  and  a  dibasic  salt  is  therefore  formed. 
Sabs.,  0.2407,  0.1869.    Gain,  NHi,  0.0x58,  0.0127. 
Calc  for  CitH«OiS(NOi)4(NH4)i:  Gain,  6.3.    Pound:  6.5,  6.7. 

The  Color  Changes  of  Tetrabromo-phenolsulfonphthalein  and  of 
Tetranitro-phenolsulfonphthalein,  and  their  Interpretation. — (a)  Tetra- 
bromo-phenolsulfonphthalein  is  soluble  in  water  to  the  extent  of  at  least 
0.7.  g.  per  liter.  A  solution  of  this  concentration  has  a  dark,  dirty  red 
color.  This  changes  to  an  intense  blue  when  alkali  is  added  to  the  solution, 
or  when  the  solution  is  diluted.  If  alkali  is  added  to  a  very  dilute  solution 
of  tetrabromo-phenolsulfonphthalein,  already  deep  blue,  no  noticeable 
change  in  color  takes  place. 

The  addition  of  any  strong  add  to  a  blue  solution  of  tetrabromo-phenol- 
sulfonphthalein  causes  a  gradual  change  of  the  color  through  various 
lighter  shades,  and  the  solution  finally  becomes  deep  yellow. 

These  color  phenomena  can  all  be  explained  on  the  assumption  that  it 
is  the  quinone-phenokUe  ion  (or  the  complex  that  the  phenolate  ion  forms 
with  the  quinone  group)  that  is  the  cause  of  intense  color.  The  substitu- 
tion of  bromine  atoms  in  ortho  position  to  the  phenol  hydroxyl  of  phenol- 
sulfonphthalein  increases  the  acidity  of  the  phenol;  hence  there  is  an 
appreciable  formation  of  phenolate  ions  in  a  water  solution  of  the  tetra- 
bromo-compound,  whereas  the  phenol  of  the  unbrominated  compound  is 
so  weak  an  add  that  it  gives  no  appreciable  quantity  of  phenolate  ions, 
and  the  solution  is  not  intensdy  colored,  but  becomes  so  only  on  the  addi- 
tion of  alkali.  The  extent  of  the  ionization  of  the  brcHnophenol  would 
be  increased  by  dilution  of  the  solution  or  by  the  addition  of  alkali,  hence 
dther  of  these  processes  intensifies  the  color  of  the  solution. 

The  addition  of  add  to  a  blue  solution  of  tetrabromosulfon- 
phthaldn  gradually  changes  the  color  to  yellow  because  the  ionization  of 
the  phenol  is  suppressed  more  and  more  as  the  hydrogen  ion  concentration 
increases. 

(6)  Tetranitro-phenolsulfonphthalein,  a  yellow  powder,  dissolves  in 
water  (or  alcohol)  with  the  production  of  a  beautiful  purple-red  solution. 
The  color  resembles  that  of  a  solution  of  phenolsulfonphthaldn  to  which 
two  molecular  equivalents  of  alkali  have  been  added.  Evaporation  of  the 
solution  of  the  tetranitro  compound  gives  back  the  ydlow  powder.  If 
two  equivalents  of  alkali  are  added  to  the  solution,  absolutely  no  visible 
change  in  color  takes  place  in  deep  layers.  The  solution  shows  precisely 
the  same  absorption  band  before  and  after  the  addition  of  alkali  in  a  30  cm. 
tube.  As  these  deep  layers  of  the  add  give  enough  quinone-phenolate 
ions  to  absorb  the  green  light,  thin  layers  will  be  used  in  the  spectro- 
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photometric  work.  A  solution  of  the  tetrabromo  compound  of  the  same 
normality  does  show  a  change  in  color  when  alkali  is  added.  This  is  true 
because  a  solution  of  the  bromo  compound  contains  a  considerable  amount 
of  undissodated  phenol  and  much  less  of  phenolate  ions,  and  the  blue, 
violet  and  green  is  not  all  absorbed;  the  addition  of  the  alkali  causes  a 
further  conversion  of  the  phenol  molecules  into  these  ions,  and  hence  greater 
absorption.  The  dinitrophenol  group  of  the  tetranitro-phenolsulfon- 
phthalein  is  a  much  stronger  add  than  the  corresponding  dibromophenol, 
and  is  therefore  more  fully  dissociated  in  solution.  It  therefore  requires 
the  addition  of  much  more  add  to  the  tetranitro  than  to  the  tetrabromo 
derivative  to  suppress  the  ionization  of  the  phenols  and  change  the  deep 
color  back  to  yellow.  Consequently,  the  addition  of  alkali  to  a  solution  of 
the  nitro  compound  does  not  so  greatly  increase  the  concentration  of  the 
phenolate  ions,  and  there  is  therefore  no  appreciable  increase  in  the  intensity 
of^the  color  in  the  deep  layers  which  already  absorb  practically  all  the  green. 
If  a  considerable  amount  of  alkali  is  added  to  the  solution  of  the  nitro 
compound  the  color  changes  from  purple-red  to  yellow.  Addition  of 
add  brings  bade  the  intense  purple-red  color.  It  seems  likdy  that  this 
fading  may  be  connected  with  two  processes:  (i)  a  rearrangement  of  the 
nitrophenol  salt  whereby  an  orthoquinone  is  formed : 

NO.  /<0K 


Nd  ^^  Nd 

Intense  red.  Yellow. 

and  (2)  with  a  hydration  eflfect  whereby  the  paraquinone  is  destroyed 
with  the  formation  of  a  tribasic  salt:^ 


KOH 


NO, 


NO, 


Yellow. 
^  Cf.  Green  and  Peridn,  /.  Chem.  Soc,,  85,  398  (1904);  Kober  and  Marshall,  TB18 
Journal,  33, 1779  (19"). 
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OH 


rC 


NO, 
NOi 


TeIlow(?).  Colorless. 

The  second  nitrophenolate  thus  formed  might  rearrange  into  a  second 
orthoquinone,  and  the  yellow  color  of  the  solution  could  then  be  accounted 
for  by  the  presence  of  two  orthoquinones,  which  are  not  intensely  colored. 
It  is  obvious  that  the  bleaching  by  alkalies  may  be  a  very  complicated 
{MDcess,  and  that  the  addition  of  add  to  the  solution  simply  reverses  these 
reactions. 

When  a  drop  or  two  of  strong  hydrochloric  add  is  added  to  a  solution 
of  the  free  tetranitro  compound  no  appreciable  color  change  takes  place. 
As  more  add  is  added  the  color  fades  to  yellow.  Addition  of  water  to  the 
yellow  solution  brings  back  the  purple-red  color.  The  hydrochloric  add 
supin-esses  the  ionization  of  the  nitrophenol,  hence  the  color  fades.  The 
ions  and  the  color  return  when  the  solution  is  diluted. 

Action  of  Diazomethane  on  Phenolsulfonphthalein. — The  phenolsulfon- 
idithalein  was  suspended  in  ether  and  treated  with  diazomethane  until 
the  powder  had  become  yellow  and  no  longer  gave  any  trace  of  color  with 
alkali  Only  a  small  part  of  the  yellow  material  was  found  to  be  in 
solution.  This  slowly  separated  out  in  the  form  of  minute  crystals,  which 
melted  sharply  at  158®.  Further  evaporation  of  the  solution  did  not 
give  moie  of  tiie  crystalline  material;  a  dark  red,  tarry  substance  was  left 
when  the  mother  liquid  was  evaporated  to  dryness.  The  crystals  did  not 
diange  their  melting  point  when  they  were  recrystallized  from  carbon 
tetrachloride,  so  they  were  assumed  to  be  pure.  The  bulk  of  the  yellow 
powder,  which  had  not  dissolved  in  the  ether,  showed  a  mdting  point  of 
of  150-154®.  Recrystallization  gave  a  product  which  mdted  sharply  at 
158**.  The  mother  liquor  from  this  substance  usually  deposited  nothing 
until  it  had  been  evaporated  to  complete  dryness,  when  the  dark  red 
material  mentioned  above  was  left.  Attempts  to  crystallize  this  red 
material  failed. 

The  substance  which  mdts  at  158®  is  insoluble  in  cold  water  and  in 
cold  alkali  solution,  even  though  it  be  very  concentrated.  When  boiled 
with  water  it  slowly  dissolved,  giving  a  deep  yellow  or  orange  solution, 
which  gave  no  color  on  addition  of  sJkali.  On  boiling  some  of  the  sub- 
stance with  alkali  it  dissolved  very  slowly,  and  the  solution  devdoped 
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a  pale  red  tinge.  The  substance  dissolved  readily  in  cx>nc.  hydrochloric 
add  with  a  deep  red  color.  Green  and  King^  prepared  an  ester-hydrochlo- 
ride  of  phenolphthalein  which  was  deep  red,  whereas  the  ester  itself  was 
yellow. 

The  "color  of  the  substance  indicates  that  it  is  a  quinoid  ester.  Its 
insolubility  in  cold  alkali  solutions  shows  that  it  cannot  be  a  mono-ester, 
for  such  an  ester  would  have  one  free  acidic  group  and  would  be  soluble 
in  alkali.  It  is  to  be  assumed  for  the  present  that  it  is  a  quinoid  di-ester 
of  the  constitution 

C 


and  further  work  now  in  progress  will  throw  more  light  on  its  structure. 
Such  an  ester  would  be  the  normal  product  of  the  action  of  diazomethane 
on  quinoidal  phenolsulfonphthalein.  It  would  be  expected  that  the  sul- 
fonic ester  would  be  very  readily  saponified  by  alkali  and  hydrolyzed  by 
water,  and  that  the  resulting  mono-ester 

'A 


would  be  soluble  in  alkali  with  approximately  the  same  color  as  a  solution 
of  free  phenolsulfonphthalein.  The  fact  is,  however,  that  the  di-ester 
must  be  boiled  with  water  or  alkali  to  eflfect  solution. 

The  attempt  to  determine  the  amount  of  sulfur  in  this  compound  by 
Carius'  method  failed.  A  colorless,  crystalline  substance  was  formed  in  the 
tube,  and  it  was  not  decomposed  even  after  heating  for  4  dajrs  at  250- 
300°.  The  limited  amount  of  the  material  at  our  disposal  made  other 
analyses  impossible. 

Action  of  Diazomethane  on  Tetrabromo-phenolsulfonphthalein. — The 
bromine  derivative  was  treated  with  diazomethane  imtil  it  no  longer  gave 
any  trace  of  blue  color  with  alkali.  A  bright  yellow  powder  was  formed. 
By  recrystallization  from  benzene  a  product  was  obtained  which  seemed  to 
become  semi-fluid  between  155  and  160^.  This  then  solidified,  a  con- 
traction being  noted,  and  the  new  material,  which  had  a  slightly  deeper 
color,  melted  at  232-234**.  Further  oystallization  from  benzene  elim- 
inated the  change  at  155-160^,  and  the  material  then  melted  sharply  at 
*  Loc,  cU, 
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234-^35**.  This  point  was  not  changed  by  further  crystallization.  The 
pure  product  was  similar  to  the  crude  product  in  solubility  and  behavior 
towards  alkali.  It  was  insoluble  in  water  and  alkali,  and  even  vigorous 
boiling  did  not  affect  the  material  in  any  way.  It  was  soluble  in  alco- 
hol and  in  acetic  add,  very  slightly  soluble  in  ether.  It  is  possibly  a 
quinoid  ester  of  the  structure 

Br 


or 


Br 


\  Br 


SOkCHi  Br 

and  we  are  now[^investigating  the  constitution  further.  It  seems  strange, 
however,  that  a  sulfonic  ester  should  be  stable  in  the  presence  of  boiling 
solutions  of  alkali. 

Conclusions. 

1.  Methods  have  been  described  for  the  preparation  of  phenolsul- 
fonphthalein,  tetrabromo-phenolsulfonphthaldn,  and  tetranitro-phenol- 
sulfonphthalein,  and  their  properties  and  color  changes  have  been  de- 
scribed. 

2.  Although  monobasic  carboxylate  yellow  salts  of  phenolphthalein  have 
not  been  isolated,  the  corresponding  monobasic  yellow  salts  of  the  phenol- 
sulf  onphthalein  series  have  been  made  and  described  by  us  and  later  by 
Lubs  and  one  of  us.  These  salts  have  been  studied  spectrophotometrically 
and  shown  to  resemble  the  free  adds  very  dosdy.  They  cannot  be  the 
causes  of  the  intense  color  changes. 

3.  The  dibasic  intensdy  colored  salts  of  the  phenolsulfonphthalein  series 
have  been  made  by  us  and  by  Lubs  and  one  of  us  and  studied  extensivdy 
spectrophotometrically.  They  are  shown  to  be  the  cause  of  the  intense 
odor  changes. 

4.  These  dibasic  salts  have  been  shown  by  conductivity,  titration  and 
spectrophotometric  methods  to  be  practically  soldy  quinone-phenolate 
salts  possessing  the  characteristic  chromophoric  group — CCiCeEUiO)- 
(CfH40"K"*"),  which  is  also  the  seat  of  the  color  changes  in  atuine,  phenol- 
phthalein and  similar  substances.  The  sulfonphthaldns  studied  give  prac- 
tically no  colorless  lactoidal  salts. 

5.  The  color  of  the  dibasic  salts,  and  of  the  tetrabromo-  and  tetranitro- 
phenolsulf  onphthalein,  all  of  which  give  quinone-phenolate  ions,  show  that 
the  nonionized  quinone-phend,  — C(:C6H4:0)(C«H40H),  is  orange  or 
yellow,  whereas  the  quinone-phenolate  ion,  — C(:CeH4:0)(CeH40'*)  is 
intensdy  colored  and  is  the  chief  cause  of  the  intense  color  changes.    The 


Digitized  by 


GooQle 


12 12  GBOROB  SPITZW,   R.   H.   CARR  AND  W.  F.  BPPLE. 

non-ionized  quinone-phenolate  salt,  —  C(:  CcHi:  0)(C6H40K),  may  alao 
be  intensely  colored,  but  its  concentration  is  small  in  dilute  solutions. 

6.  The  intense  and  very  sharp  color  changes  in  the  sulfonphthalein 
series  are  far  more  satisfactory  than  in  the  phenolphthalein  series  because 
the  monobasic  salts  of  the  sulf  onphthaleins  are  changed  practically  quan- 
titatively into  the  deeply  colored  quinone-phenolate  ion,  whereas  phenol- 
phthalein gives  only  about  50%  of  such  deeply  colored  dibasic  ion,  the 
other  50%  going  over  into  the  colorless  lactoidal  dibasic  ion.  The  tetra- 
chloro-,  tetrabromo-,  and  tetraiodo-phenolphthalein  give  only  about  1% 
of  the  colored,  dibasic  quinone-phenolate  ion,  the  remainder  forming  color- 
less dibasic  salts.  These  facts  make  the  phenolstdfonphthalein  series  of 
indicators  the  best  yet  discovered.  The  derivatives  described  by  us,  and 
by  Lubs  and  Clark  and  one  of  us,  have  a  wide  range  of  useful  Ph  values, 
show  very  little  of  the  fading  characteristic  of  the  phenolphthaleins  and 
their  colors  are  not  greatly  disturbed  by  the  "salt  eflfects"  which  we  are 
stud3ring  by  the  spectrophotometric  metiiods. 

Madisom,  WiscoMSDr. 


[Contribution  from  the  Purdue  Experimknt  Station.] 
SOFT  CORN— ITS  CHEMICAL  COMPOSITION  AND  NITROGEN 

DISTRIBUTION. 
Bt  George  Spitzer.  R.  H.  Carr  and  W.  P.  Epple. 

Receiyed  November  18,  1918. 

bitroduction. 
The  large  amount  of  com  (maize)  produced  in  this  country  makes 
one  of  our  greatest  and  most  valuable  sources  of  food,  and  hence  the  suc- 
cess or  failure  of  the  crop  in  any  year  is  a  matter  of  great  economic  im- 
portance. The  failure  of  considerable  of  the  com  to  mature  properly  dic- 
ing 1918  led  to  much  speculation  as  to  the  feeding  value  of  soft  com,  or  to 
state  it  another  way,  the  question  "What  is  soft  com?"  was  often  asked. 
One  publication^  has  answered  the  question  in  part  by  stating  that  very 
soft  com  contains  65%  of  water  (rare)  and  ranges  down  to  25%,  which  is 
low  enough  to  allow  the  com  to  be  stored  in  cribs,  whereas  old  com  usually 
contains  about  12%  of  moisture.  It  might  be  inferred  from  this  that  soft 
com  differs  from  mature  (com)  only  in  the  amotmt  of  moisture  it  con- 
tains, but  the  present  writers  have  found  characteristic  differences  in  the 
carbohydrates,  proteins  and  mineral  constituents.  The  idea  is  prevalent 
in  some  localities  that  soft  com  is  worthless  for  feeding  purposes,  whereas 
others  have  succeeded  in  feeding  the  wet  and  therefore  often  moldy  com 
to  cattle  and  hogs  with  profitable  retiuns,  no  cases  of  poisoning  from  the 
mold  having  been  reported  to  our  knowledge  Thus,  evidently,  soft 
com  has  a  feeding  value  that,  although  not  to  be  considered  equal  to  that 
*  Iowa  Expt  Sta.,  Circ,  40  (191 7). 
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of  the  mature  com,  is  far  too  great  to  be  ignored.  One  phase  of  the  com 
problem  has  centered  about  the  drying  out  of  this  excess  moisture  which 
causes  the  com  to  spoil  before  it  can  be  used.  The  other  side  of  the  soft 
com  question  has  to  do  with  its  nature  after  the  excess  water  has  been  re- 
moved. It  is  on  this  part  of  the  problem  that  the  authors  have  tried  to 
throw  light. 

In  order  to  get  a  better  tmderstanding  of  the  composition  of  mature 
com,  and  especially  its  nutritive  deficiencies  which  have  been  extensively 
studied,  it  may  be  well  to  recall  briefly  the  main  points  of  this  deficiency 
noted  in  the  Uterature.^  These  are, — a  low  per  cent,  of  ash  which 
ccmtains  a  high  proportion  of  magnesia  and  a  low  calcium  content; 
a  compcu^tivdy  large  amount  of  potassium  and  phosphorus;  less  protein 
than  contained  in  most  other  grains,  and  this  is  largely  made  up  of  certain 
distinct  and  characteristic  proteins,  such  as  zein,  globulin  and  glutelin. 
The  first  named  is  said  to  be  the  most  abtmdant  protein,  but  there  are 
lacking  3  amino  adds  in  its  formula,  two  of  which  (lysine  and  trypto- 
phane) seem  essential  to  the  growth  and  devdopment  of  a  yotmg  animal. 
The  other  two,  globulin  and  glutelin,  are  said  to  be  complete  proteins  and 
to  yidd  on  hydrol3rsis  all  the  essential  amino  adds.  Hence  they  are  capa- 
Me  of  produdng  growth,  but  it  is  noteworthy  that  they  are  not  present  in 
soflEident  amount  in  the  com  grain  to  support  growth.* 

Procedure. 

In  response  to  numerous  inquiries  as  to  what  is  soft  com,  the  authors 
have  attempted  to  get  some  insight  into  the  composition  and  the  nature 
of  its  proteins.  In  order  to  carry  out  the  investigation,  com  was  chosen 
whose  previous  history  was  known.  In  the  samples  of  Series  I  the  com 
was  chosen  because  of  its  extreme  softness  and  failure  to  germinate,  and 
because  the  original  moisture  was  known.  Another  series,  II,  was  ob- 
tained from  the  Botany  Department  of  Purdue  University  and  repre- 
sents more  matured  com  capable  of  germinating,  on  which  certain  studies 
in  plant  pathology  are  being  conducted.  A  third  series,  III,  represents 
an  intermediate  grade  on  which  only  amide  nitrogen  and  addity  deter- 
minations were  made.  All  3  series  were  based  on  shelled  com  taken  from 
individual  ears.  It  was  the  purpose  of  the  writers  to  compare  also  the 
nitrogen  distribution  of  these  series  of  com  with  that  of  mature  com,* 
and  if  possible  to  secure  data  on  whidi  qualitative  classification  can  be 
made  as  to  maturity. 

Experimental. 

The  grain  was  ground  so  that  the  starch,  etc.,  would  pass  an  8o-mesh 
sieve  while  the  bran  layers  passed  a  40-mesh  sdve.    The  method  of  mak- 

«  /.  BM.  Chem.,  z8»  No.  i  (1914). 

«  Ohio  Expt.  Sta.,  Bull.  255,  Jan.,  1913. 

»  This  Journal,  37, 1778  and  2762  (i9i5)« 
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ing  the  analysis  was  as  follows:  3  g.  of  the  air-dry  ground  com  was  placed 
in  an  alundun  shell  No.  R.  A.  98.  It  was  dried  for  5  hours  at  100**  and 
then  weighed  for  moisture.  The  shell  was  next  placed  in  a  Soxhlet  tube 
and  the  fat  extracted  and  weighed.  The  shell  and  contents  when  free 
from  ether  were  extracted  with  hot  95%  alcohol.  This  extraction  con- 
tinued for  5  hoitfs.  The  residue  from  the  alcohol  extraction  was  dried 
and  weighed  and  the  nitrogen  determined  by  the  Kjeldahl  method  (zein). 
After  the  alcohol  extraction  the  sample  was  treated  with  cold  water  for 
24  hours,  a  stirring  machine  being  used  part  of  the  time  to  extract  more 
thoroughly  all  of  the  soluble  starch  and  dextrin.  The  sample  was  next 
boiled  to  get  the  starch  in  solution  and  a  solution  of  diastase  of  malt  added 
to  convert  the  starch  to  sugar — a  correction  being  made  for  the  starch  in 
the  malt.  The  starch  was  determined  as  follows:  An  aliquot  of  the  in- 
vert sugar  solution  was  boiled  with  an  excess  of  Fehling's  solution  and 
after  cooling,  filtered  through  an  asbestos  filter;  washed  with  distilled 
water  and  the  filtrate  titrated  with  standard  sodium  thiosulfate  solution 
according  to  modification  of  Low's  method.  The  weight  of  dextrose 
multiplied  by^o.90  gives  the  weight  of  starch,  from  which  the  per  cent, 
was  calculated. 

After  removing  all  of  the  starch  which  was  water  soluble  and  converted 
by  diastase,  the  samples  still  in  the  filter  shells  were  next  refluxed  for  30 
minutes  with  i .  25%  sulfuric  add,  washed  and  then  boiled  for  the  same 
length  of  time  with  i .  25%  sodium  hydroxide  solution.  Washing  and  fil- 
tering by  this  means  was  simpler  than  by  the  official  method.  This 
method  also  prevents  a  possible  loss  in  filtering.  The  fiber  was  then  dried 
and  weighed,  burned  and  the  shell^  weighed  again.  The  ash  determina- 
ion  was  made  on  the  original  sample. 

A  new  sample  was  taken  on  which  the  degree  of  acidity  was  determined.* 
Another  5  g.  sample  of  each  com  was  hydroljrzed  for  16  hours  with  20%  hydro- 
chloric add  and  treated  according  to  the  Van  Slyke  method  for  the  determination  of 
acid- insoluble  melanin,  lime  melanin,  ammonia  nitrogen,  monoamino  adds,  and 
diamino  adds. 

The  results  of  the  analysis  of  Series  I  are  given  in  Table  I. 

The  data  for  the  more  mattu-e  com  (Series  II)  are  given  in  Table  II. 

Amide  Determination. 
Mature  com  has  usually  been  considered  nearly  free  from  amides,  but 
this  could  hardly  be  expected  to  be  tme  of  soft  com.    The  method  used 
in  making  the  determinations  was  a  modification  of  the  Stutzer  process 
as  developed  by  Blish.' 

One  part  of  finely  grotmd  com  and  20  parts  of  water  were  shaken  frequently  for  12 
hours.    Fifty  cc.  of  the  filtered  solution  was  then  taken  and  25  cc.  of  o.i  N  sodium 
^  The  shells  mentioned  are  very  porous  and  filtration  takes  place  rapidly. 
*  Dept.  Agr.,  Bur.  Piant  Ind.,  Bull,  X02,  Jan.,  1913. 
»  /.  Biol.  Chem.,  33,  55  (1918). 
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hydroxide  solution  was  added  foUowed  by  27  cc  of  o.i  iV^  cupric  sulfate  solution.  The 
precipitate  was  later  filtered  off  and  the  nitrogen  determined  in  the  filtrate  by  the 
Kjeldahl  method. 

In  some  of  the  samples  the  precipitate  was  also  analyzed,  but  the 
amomit  of  nitrogen  contained  was  so  constant  that  it  was  not  considered 
worth  while  to  continue  that  work. 

Protein  Separation. 

There  seems  to  be  some  uncertainty  in  the  literature  concerning  the 
amount  of  the  individual  proteins  making  up  whole  com.  No  data  on 
a  considerable  number  of  ears  of  com  have  come  to  the  writer's  atten- 
tion. In  view  of  this  it  was  thought  best  to  make  a  study  of  the  amount 
of  com  protein  soluble  in  some  of  the  various  solvents.  A  10%  solution 
of  soditun  chloride  was  used  to  extract  the  globulins,  albumens  and  pro- 
They  were  allowed  to  stand  72  hotu^  and  frequently  shaken. 

Tablb  III. 

Protein  Distribution,  Sbriss  I. 

Ymxow  DSNT  Varistt. 


No. 
2.. 

3.. 
4.. 
5.. 

6.. 

7.. 

8.. 

9.. 
II.. 
12.. 
13.. 
14.. 
15.. 
16.. 
17.. 
18.. 
19.. 
20.. 
21.. 
(a). 
(». 

w.. 

(«. 

W.. 
149.. 
148.. 
141.. 

Av. 


Total  N. 
%. 

74 
59 
55 
94 
45 
63 
75 
33 
65 
41 
37 
32 
54 
52 
42 
39 
22 

23 
96 
69 
51 
92 
07 
44 
48 
47 
2.02 
1.58 


Zein  as 

%  of  total 

protein. 

20.00 

14.68 

15.00 

26.68 

17.37 
26.32 
20.91 
26.88 
26.00 
16.15 
18.39 
27.27 
21.51 
17.17 
19.36 
22.80 
20.00 
16.76 
20.71 
2405 
22.80 

23.33 
30.24 
24.00 
21. II 

28.57 
29.81 
22.14 


dobttUns, 
etc.,  as  %  of 
total  protdn. 

22.64 

26.47 
17.54 
24.29 
16.56 


23  64 
21.99 
31.47 
27.35 
25.63 


28.62 


26.54 

11.68 
20.98 
17.56 


28.12 
29.80 

13.93 
23.04 


Amide 
tot^N. 
17.70 


17.29 

9.00 

20.08 

17.17 

16.82 
7.96 
16.48 
15.50 
17.80 


13.40 


15.55 

19. 47 

11.56 

9.25 


21.28 

16.72 

8.35 

15.08 


Prot.Ml. 

in  10% 

NaCL    % 

of  total 

protein. 

40.34 
33.85 
43.76 
26.54 
44.37 
33.73 
38.56 
40.46 
29  95 
48.95 
42.85 
43.43 
34.94 
36.94 
42.02 

49.89 
42.09 
39.39 
31.15 
32.54 
26.81 

27.13 
27.62 
49.40 
46.52 
22.28 
37.52 


dutelin 

M% 

of  total 
protein. 

39.66 

51.47 
41.24 

52.78 
38.26 
39.95 
41.53 
32.66 
44.05 
35.90 
38.76 
29.30 
43.55 
44.89 
38.62 

30.11 
41.15 
39  90 
44.80 
44.66 
49.86 
42.63 
48.38 
29.49 
24.91 

47.91 
40.63 
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TabuI  IV. 

Protein  Distribution,  Series  II. 

Prot.  sol. 


VarieCyroCcom. 

Sample 
N6. 

Total 
N.    %. 

Zein 

as  % 

of  total 

protein. 

Globulins. 

*S*tSJr 

protein. 

Amide 
tot^N. 

in  10% 

NaCL    % 

of  total 

protein. 

Glutelin 

as%, 

of  total 

protein. 

803 

1.35 

23.48 

34.58 

797 
505 

1.62 
1.89 

34.87 
25.66 

25 -77 

4 

83 

30.60 
27.20 

34.53 

47.14 

I  151 

1.88 

22.08 

... 

30.82 

47.10 

[834 

1.92 

38.65 

16.74 

4 

06 

20.80 

40.55 

X^eaming 

705 

1.82 

35.66 

28.17 

36.17 

[683 

1.76 

23.07 

22.50 

5 

70 

28.20 

48.73 

[835 

1. 91 

36.15 

24.80 

3 

84 

28.64 

35.21 

819 

1.64 

38.66 

21.52 

5 

.43 

26.95 

34.39 

810 

1.58 

29.49 

21.52 

6 

40 

27.92 

42.59 

Yellow^dent 

812 

1.64 
1.74 

27.86 
32.18 

25.95 

46.97 

155 

696 

1.65 

22.91 

. 

30.05 

47.04 

[704 

1.95 

27.28 

18.30 

6 

95 

25.25 

47.47 

[245 

1.87 

23.42 

. 

26.55 

50.03 

Johnson  Co.  white... . 

344 
251 

1.40 
1.67 

27.00 
36.64 

21.33 
22.03 

5 

4 

55 
67 

26.88 
26.70 

46.12 
36.66 

[226 

1.36 

24.36 

... 

• 

29.20 

46.44 

Av 

1.702 

29.41 

21.61 

5. 

27 

27.49 

42.45 

Tablb  V. 
Amide  Nitrogen  and  Acidity  Content,  Series  III. 


Sample 
No. 


41. 
42. 
43. 
44. 
45. 
46. 
47. 
48. 
49. 
50. 
51. 
52. 
53. 
54. 
55. 
56. 
57. 
58. 
59. 
60. 


Average. 


Total  N. 

Amide  N  as 

Degree  0 
i^dity. 

%. 

%  of  total  N. 

1.52 

8.80 

30.4 

46 

9.58 

23.2 

79 

11.70 

37.2 

65 

8.12 

22.8 

33 

5.88 

61 

7.64 

22.8 

69 

8.71 

37.1 

29 

10.40 

22.4 

76 

8.54 

41.8 

34 

8.58 

19.6 

59 

9.17 

35.6 

05 

5.17 

35.6 

51 

6.66 

34.8 

•54 

9.09 

32.8 

25 

9.02 

30.4 

56 

8.27 

15.2 

68 

15.60 

36.0 

73 

6.12 

27.2 

58 

8.17 

30.4 

53 

6.20 

31.6 

57 

8.57 
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Series  III. 
9.81 


57 


Tablb  VI. 
Summary  of  Tables. 

Normal  com.  Series  I.  Series  II. 

Protein:  %  N  X  6.25 10. i  9.92  10.60 

Per  cent,  of  total  melanins 9.78  9.68  8.00 

Ammonia  N.  %  of  total  N 12.53  i3-4i  1423 

Monoamino  adds,  %  of  total 63 .43  63 .  16  69.41 

Diamino  adds,  %  of  total 15.86  11.26  10.58 

Zein,  %  of  total 41.00  22.14  29.41 

Globulins,  etc,  %  of  total 22.00  23.04  21.61 

Amide  nitrogen,  %  of  total 15 .08  5 .  27 

Glutelins,  %  of  total 31 .00  40.63  42 .54 

Moisture,  % 10.50  8.06  6.21 

Fat 5.00  2.67  4.28 

Water-soluble  stardi  and  dextrine 3 .38  2 .40  2 .  17 

Normal  stardi  by  diastase 42.50  45-77  47-65 

Total  stardi  by  add  liydrdirsis 71-95  75 •  18 

Pentosans,  etc,  by  diff 24.87  24.80 

Crude  fiber,  % 2.00  4.38  2.36 

Ash,  % 1.50  1.95  1.56 

The  amides  were  also  extracted  by  this  solvent  but  were  deducted  in 
calculating  the  globulin,  etc.  Determinations  were  made  of  the  per 
cent,  of  the  total  protein  soluble  in  0.05  N  sodium  hydroxide  solution  after 
standing  at  room  temperature  for  72  hours  with  £requent  shaking,  and  also 
after  heating  for  one  hour  in  an  autoclave  at  1 15  pounds,  pressure,  to  rupture 
the  cells.  It  was  found  that  about  8%  failed  to  go  into  solution  previous 
to  heating.  The  salt  solution  was  heated  under  pressure  in  the  same  way 
but  no  increase  in  soluble  nitrogen  could  be  detected.  The  portion  of 
the  protein  soluble  in  alcohol  (zein)  was  determined  as  previously  de- 
scribed. This  protein  was  fotmd  present  in  smaller  amotmt  than  has 
been  reported  by  others,  and  much  less  was  found  to  be  present  in  the 
soft  com  than  in  the  more  matured  of  Series  II.  The  results  of  this  work 
are  recorded  in  Table  III  for  Series  I  and  Table  IV  for  Series  II. 

Discussion. 

It  win  be  noted  from  the  tables  that  there  is  a  wide  range  of  com  classed 
as  soft  com  and  that  the  composition  varies  considerably  among  both 
mature  and  immature  ears.  Much  of  the  soft  com  of  1917  had  been  planted 
130  days  or  more  and  so  had  had  time  to  mature,  but  did  not  advance 
because  of  the  lack  of  warm  weather  during  the  summer.  The  composi- 
tion of  the  com  is  therefore  somewhat  different  from  that  taken  for  anal- 
ysis in  the  milk,  glaze,  dented  and  maturity  stages  as  previously  reported 
from  this  station.^ 

Referring  to  the  summary.  Table  VI,   Series  I  which  represents  the 
most  immature  com,  shows  that  the  nitrogen  content  is  not  greatly  af- 
>  Purdue  Expt.  Sta.,  Bull.  175  (1914)- 
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fected  by  degree  of  maturity,  as  it  differs  less  than  0.2%  from  that  of 
normal  com.  A  considerable  part  of  the  nitrogen  in  soft  com  is  present 
as  amide,  however,  and  evidently  has  been  formed  almost  entirely  at  the 
expense  of  the  zein.  There  are  few  data  available  on  the  amowit  of  zein 
in  widely  selected  samples,  while  that  reported  is  on  com  very  high  in 
nitrogen  (2.33%)  and  hence  may  not  represent  the  normal  distribution 
of  proteins.  Zein  is  of  much  interest  from  a  feeding  standpoint,  because 
it  is  an  incomplete  protein  and  its  presence  makes  a  com  less  desirable 
from  a  nutritional  standpoint.  Prom  the  analysis  of  all  the  samples  it 
would  seem  that  glutelin  is  the  most  abtmdant  protein  in  com,  with  zein 
next  and  globulin  last.  The  amide  or  non-protein  nitrogen  content,  and 
the  acidity  in  soft,  moldy  com  are  quite  high,  as  might  be  expected,  and 
from  data  presented  on  the  3  series  it  would  appear  the  amide  nitrogen 
can  be  taken  as  a  basis  on  which  maturity  may  be  determined  averaging 
5.27  to  8.57  to  15.08  for  Series  II,  I,  III,  respectively.  These  figures 
actually  approximate  the  correct  grading  of  the  three  lots  as  to  mattuity. 
Considering  now  the  other  deficiencies  in  soft  com  as  shown  in  Table 
VI  the  low  fat  content  of  Series  I  is  the  most  noticeable  f eattu-e  for  it  is 
only  about  half  that  of  normal  com.  It  was  believed  that  the  amount 
of  tme  starch  as  determined  by  the  diastase  method  would  show  a  con- 
siderable deficiency  in  Series  I  but  this  did  not  prove  to  be^the  case.    As 

Series  L  Series  IL 


Soft  Corn.  Mature  corn. 

Protein  Distribution. 

expected  the  amount  of  cmde  fiber  was  found  to  be  large  and  the  ash 
content  high.  Some  combustion  determinations  were  also  made  and 
it  was  found  that  the  difference  between  the  best  and  the  poorest  samples 
was  less  than  200  calories.  Hence,  no  further  work  was  done  in  deter- 
mining the  calorific  value  of  the  different  grades  of  com. 

Stunmary. 

1.  The  percentages  of  normal  starch  and  nitrogen-free  extract  appear 
to  be  higher  in  soft  than  in  mature  com. 

2.  The  formation  of  protein  and  carbohydrates  apparently  go  on  un- 
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interruptedly  dttring  the  growth  of  ccmi,  while  the  fat  seems  to  be  formed 
last. 

3.  The  calorific  determination  is  of  little  service  in  determining  the 
value  of  com  for  feeding  purposes. 

4.  The  add-hydroljTzed  proteins  do  not  reveal  any  unusual  features. 
The  diamines  are  lower  than  results  reported  by  others,  whereas  the 
monoamines  of  nearly  matured  com  are  higher,  but  this  is  not  significant 
in  the  present  research. 

5.  The  total  nitrogen  of  soft  com  is  only  slightly  lower  than  that  of 
mature  com,  but  the  amide  nitrogen  is  much  higher. 

6.  The  amide  nitrogen,  together  with  the  degree  of  acidity,  may  serve 
as  a  basis  for  grading  com.  Moldy  com  contains  a  large  amotmt  of 
nitrogen  in  the  amide  form. 

7.  Glutelin  is  the  most  abundant  protein  in  com,  zein  is  next,  and  globu- 
liiKSy  albumens,  etc.,  are  present  in  smallest  amount. 

8.  Since  zein  appears  to  be  present  in  smaller  amount  in  soft  than  in 
mature  com,  and  since  glutelin,  globulins,  albumens,  etc.,  are  present  to 
about  the  same  per  cent,  in  both  mature  and  soft  com,  it  would  seem  that 
zein  is  formed  last,  and  amide  is  formed  at  the  expense  of  zein. 

Lavatsttb,  IinUAKA. 


[Contribution  from  th8  Chbmical  Laboratory  op  ths  Cotton  Collsob, 

Gauhati.] 

DIEXTOHTDRINDENE.    m.^ 

By  Ananda  KnoRS  Das  and  Brojbndra  Nath  Ghosh. 

Rcedycd  April  23,  1919. 

It  has  been  shown  by  one  of  us  with  Sastry*  that  the  methylene  hydro- 
gen atoms  in  1,3-diketohydrindene  are  very  reactive,  since  they  condense 
readily  with  aromatic  aldehydes  giving  benzylidene  derivatives.  This 
led  us  to  think  that  diketohydrindene  could  readily  condense  with  anhy- 
drides, such  as  phthalic  anhydride,  to  give  compounds  of  the  t3rpe 


•^\         I       1.  (I) 

Preliminary  experiments  were  therefore  conducted,  and  it  was  found  that 
the  compound  obtained  was  different  from  the  ones  noted  in  the  litera- 
ture. Thus  it  was  noted  that  Carmelo  Marchese'  had  condensed  phthalic 
anhydride  and  diketohydrindene  in  the  presence  of  acetic  anhydride,  and 

>  For  Parts  I  and  II  see  Trans,  Chem.  Soc.,  107, 1443  (1915)  and  109, 175  (1916). 
'  Trans,  Chem.  Soc.,  107,  1443  (191 5). 
•  GaxM,  chim,  iial,,  37,  303-309  (1907). 
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that  the  product  gave  an  intensely  red  solution  with  alkaline  hydroxides. 
He  gives  as  its  formula 

'=*<c>-<o>-"<c>*  '" 

The  compound  we  obtained  by  condensing  diketohydrindene  and  phthalic 
anhydride  in  the  presence  of  cone,  sulfuric  add,  though  it  melts  at  nearly 
the  same  temperature  as  the  compound  of  Marchese,  is  different  in  other 
respects;  for  example,  it  is  not  at  all  soluble  in  alkaline  hydroxide;  from 
nitrobenzene  so  ution  it  separates  immediately  in  golden  yellow  plates, 
whereas  his  substance  is  very  soluble  in  nitrobenzene  and  comes  out,  in 
well-defined  needles,  only  on  the  addition  of  alcohol;  on  boiling  with 
aniline  our  substance  separates  unchanged  and  contains  no  nitrogen; 
his  substance  did  not  separate  from  aniline,  but  on  pouring  the  solution 
into  dil.  sulfuric  add  a  black  crystalline  compound  predpitated,  differ- 
ing from  the  original  substance,  but  not  containing  any  nitrogen.  The 
exact  chemical  nature  of  his  substance  we  do  not  know;  it  appears  to  be 
some  degradation  product  of  the  original  compotmd.  It  is,  however,  a 
pure  substance,  as  it  gives  a  definite  mdting  point.  But  we  do  not  know 
whether  decomposition  was  effected  by  the  aniline  or  by  the  sulfuric  add, 
and  so  we  cannot  state  definitdy  the  way  in  which  the  molecule  has  been 
changed. 

From  the  percentage  composition  we  find  at  any  rate  that  the  substance 
obtained  by  condensing  the  phthalic  anhydride  and  diketohydrindene  is 
not  the  same  as  given  in  Formula  I.  Having  failed  to  prepare  the  de- 
sired compound  in  this  way,  we  next  tried  the  action  of  sodium  alcoholate 
on  a  mixture  of  diketohydrindene  and  diethyl-phthalate  on  the  assump- 
tion that  the  reaction  would  proceed  in  the  following  manner: 


+  .... 


But  after  conducting  the  reaction  as  described  bdow,  we  obtained  a 
substance  which  resembled  in  every  way  benzoyl-/3,7-diketohydrindene 
obtained  by  E.  Schwerin^  from  ethyl-phthalate  and  acetophenone.  It  is 
probable  that  the  desired  compound  was  obtained,  but  was  not  stable 
under  the  conditions  of  the  experiment,  because  of  the  number  of  car- 
bonyl  groups  attached  to  one  carbon  atom,  and  so  hydrolyzed  to  (>-car- 
boxy-benzoyldiketohydrindene,  which  again  decomposed,  giving  off 
carbon  dioxide  with  the  production  of  benzoyl-diketohydrindene.  In 
this  reaction  a  little  anhydro-Ws-diketohydrindene*  is  also  formed  which 
*  Ber,,  27,  104-114  (1894). 
'  Wislicenus  and  Kotzle,  Ann,,  252,  76,  77  (1889). 
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can  easily  be  separated  from  the  benzoyl-diketohydrindene  by  the  slight 
solubility  of  the  former  compound  in  alcohol.  That  it  is  the  bis  com- 
pound has  been  proved  by  its  properties  as  well  as  by  analysis. 

We  also  tried  the  condensation  of  phthaUc  anhydride,  benzoic  anhy- 
dride and  succinic  anhydride  with  diketohydrindene,  these  3  being  taken 
to  represent  3  classes  of  anhydrides.  Phthalic  anhydride  is  a  typical 
dosed  chain  aromatic  anhydride;  benzoic  anhydride  has  an  open  chain, 
and  succinic  anhydride  is  a  closed  chain  aliphatic  anhydride.  The  con- 
ditions of  the  experiment  were  kept  practically  tmiform.  The  3  sub- 
stances obtained  resemble  each  other  very  much  in  their  percentage 
compositions,  but  their  properties,  such  as  solubiUties  in  various  sol- 
vents, are  different.  They  are,  jrithout  exception,  difl&cultly  soluble  in 
all  ordinary  solvents;  they  do  not  form  anilides;  they  are  very  high  melt- 
ing and  complex  substances.  It  is  true  that  two  molecules  of  diketo- 
faydrindene  first  condensed  to  form  anhydro-fcw-diketohydrindene^  and 
then  the  anhydro  substance  condenses  with  the  respective  anhydrides 
giving  complex  substances.  It  has  been  proved  that  the  same  substance 
is  produced  by  condensing  phthalic  anhydride  with  either  diketohydrin- 
dene  or  anhydro-6i5-diketohydrindene. 

Experimental. 

2-Benzoyl-iy3-diketohydrindene. — 0*7  g.  of  sodium  was  dissolved  in 
20  cc.  of  absolute  alcohol,  the  solution  was  thoroughly  cooled,  and  to  it 
was  slowly  added  2  g.  of  1,3-diketohydrindene  dissolved  in  a  little  alco- 
hol. The  mixture  turned  red,  3 .  i  g.  of  diethyl-phthalate  was  then  added 
to  it  and  the  whole  boiled  under  a  reflux  condenser  on  a  water  bath  for 
5  to  6  hours.  The  intensely  red  solution,  after  standing  overnight,  de- 
posited a  small  quantity  of  solid,  which  dissolved  on  the  addition  of  water. 
A  current  of  carbon  dioxide  was  passed  through  the  solution,  which  was 
then  extracted  with  ether.  The  aqueous  solution  on  acidification  gave 
a  crystalline  solid  which  crystallized  from  alcohol  in  almost  colorless 
needles.  This  was  shown  by  analysis,  melting  point,  and  other  proper- 
ties to  be  benzoyl-diketohydrindene  obtained  by  Schwerin.^ 
Calc:  C,  76.8;  H,  4.0.     Found:  C,  76.9;  H,  4. 

To  confirm  this  we  also  prepared  the  semicarbazone  by  boiling  an  alco- 
holic solution  with  an  excess  of  an  aqueous  alcohoUc  solution  of  semi- 
carbazide  hydrochloride  containing  soditun  acetate.  A  colorless  sub- 
stance precipitated. 

Subs.,  0.0985:  Ns  (29^  and  760  mm.),  10  cc.     Calc.  for  CirHuOiNiHsO:  N,  12.3. 
Found:  12.2. 

In  this  reaction  a  small  quantity  of  a  yellow  crystalline  substance,  al- 
most insoluble  in  alcohol,  was  obtained.    This  was  oystaUized  from  ace- 
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tone,  and,  as  indicated  by  its  melting  point,  and  by  analysis,  as  well  as 
by  other  properties,  was  evidently  anhydro-feis-diketohydrindene,  ob- 
tained by  Wislicenus  and  Kotzle. 

Calc:  C,  78.8;  H,  3.6.  Pound:  C,  784;  H,  4.0. 
Condensation  of  Diketohydrindene  and  Phthalic  Anhydride. — 2  g. 
of  diketohydrindene  and  2.2  g.  of  phthalic  anhydride  were  mixed  and 
30  cc.  of  cone  sulfuric  add  added.  The  mixture  was  warmed  to  50-60** 
on  a  water  bath,  forming  a  dark  brown  solution.  The  heating  was  con- 
tinued for  an  hour,  and  the  mixture  after  being  cooled  was  poured  into 
cold  water  when  a  yellow  mass  separated.  This  was  dried  on  porous 
earthenware,  and  then  recrystallized  from  nitrobenzene. 

Subs.,  0.1983:  COt,  0.6077;  HiO,  0.0669. 

Calc.  for  CjiHuOt:  C,  83.3;  H,  3.3.    Found:  C,  83.5;  H,  3.7. 

This  substance  crystallizes  in  fine,  lustrous  flakes,  melting  at  320** 
(uncorr.).  It  is  soluble  in  hot  nitrobenzene  and  aniline;  sparingly  solu- 
ble in  xylene,  and  insoluble  in  alcohol,  acetone,  benzene,  petroleum  ether, 
and  in  sodium  hydroxide  solution.  It  does  not  form  an  anilide.  It  dis- 
solves in  cone,  sulfuric  add,  giving  a  brown  solution  which  is  not  fluo- 
rescent. The  solution  in  aniline  has  a  green  color.  The  substance  does 
not  sublime  on  heating. 

Anhydrophthalyl-&ti-ii3-diketohydrindenei  II. — This  substance  was 
prepared  by  the  method  given  by  Marchese.^  It  was  mixed  with  an 
excess  of  aniline  and  the  mixture  boiled  under  a  reflux  condenser  for  about 
an  hour.  The  solution  thus  obtained  was  cooled  and  poured  into  dil. 
hydrochloric  add.  The  black  substance  which  separated  was  reoys- 
tallized  from  dil.  alcohol,  giving  blade  prisms  which,  when  heated  in  a 
capillary  tube,  contracted  at  about  85^  and  mdted  to  a  dear  liquid  at 
1 10^.  The  substance  is  not  an  anilide  because  it  does  not  contain  any 
nitrogen. 

Subs.,  0.1017:  COs,  0.3029;  HsO,  0.0139. 

Calc  for  (CtHeO),:  C,  81.2;  H,  508.    Found:  C,  81.2;  H,  5.3. 

Condensation  of  Diketohydrindene  and  Benzoic  Anhydride. — ^A  mix- 
ture of  1.46  g.  of  diketohydrindene,  2.26  g.  of  benzoic  anhydride,  and 
25  cc.  of  cone,  sulfuric  add,  was  heated  on  a  water  bath  at  50**  for  an 
hour  and  then  poured  into  cold  water.  The  substance  which  separated 
was  collected,  washed,  dried,  and  recrystallized  from  nitrobenzene. 

Subs.,  0.1504:  COt,  0.4603;  HjO,  0.0478. 

Calc.  for  CjtHuOi:  C,  83.3;  H,  3.3.    Found:  C,  834;  H,  3.5. 

The  substance  aystallizes  in  golden  yellow  needles  which  sublime  on 
heating  and  mdt  to  a  dear  liquid  only  at  a  very  high  temperature  (above 
320**).    It  is  more  soluble  in  nitrobenzene  than  the  previous  compound 
and  separates  only  slowly  from  its  solution. 
^Loccik 
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Condensation  of  Diketohydrindene  and  Succinic  Anhydride. — ^A  similar 
product  was  obtained  by  condensing  i .  5  g.  of  diketohydrindene  and  one  g. 
of  succinic  anhydride  in  presence  of  30  cc.  of  cone,  sulfuric  add,  and 
warming  the  mixture  for  one  hour  at  50°.  On  pouring  into  water  a 
greenish  mass  was  obtained,  which  was  recrystallized  from  nitrobenzene. 
The  substance  separates  very  slowly,  requiring  sometimes  the  addition 
of  alcohol.  It  does  not  melt  even  at  316°  but  subUmes  on  heating,  and 
is  insoluble  in  alcohol,  acetic  add,  acetone  and  benzene.  Its  solution  in 
aniline  is  greenish  in  color,  and  the  substance  obtained  by  potuing  the 
solution  into  dil.  hydrochloric  add  did  not  contain  any  nitrogen. 
Subs.,  0.1345:  COi,  0.3776;  HiO,  0.0391. 
Calc.  for  CmHioOi.HjO:  C,  83.1;  H,  3.3.    Found:  C,  82.7;  H,  3.5. 

Our  thanks  are  due  to  Prindpal  Sudmersen  for  the  kind  interest  he  has 
taken  in  the  work. 

AsBAM,  India. 


[Contribution  from  ibb  Stanford  Msdical  School.] 

A  METHOD  OF  TISSUE  ANALYSIS:    APPLIED  TO  THE  POS- 
TERIOR AND  ANTERIOR  LOBES  OF  CATTLE 
PITUITARIES. 
Bt  C.  G.  MacArthur. 

Received  Apfil  24,  1919. 

The  cattle  pituitaries  used  in  these  experiments,  were  obtained  from  a 
local  packer.  They  had  been  collected  over  a  period  of  several  da)rs 
and  kept  frozen  tmtil  ready  for  analysis.  After  freeing  the  pituitary 
from  bone,  connective  tissue,  fat,  etc.,  it  was  separated  into  anterior  and 
posterior  lobes.  Exactly  10  g.  of  skin-free,  ground  material  from  each 
lobe  was  weighed  in  conical  flasks  and  treated  as  described  under 
"Method." 

Method  of  Analysis. 

The  method  of  analysis  used  is  based  on  the  separation  into  proteins, 
lipins  and  extractives  that  has  already  been  proven  satisfactory.^  The 
c»iginal  method  has  been  simplified,  extended  to  new  determinations, 
and  been  made  available  for  much  smaller  amounts  of  material.  The 
amotmts  of  tissue  usually  used  (10  g.)  are  probably  the  most  satisfactory, 
but  most  of  the  determinations  described  can  be  carried  out  on  2  g., 
though  with  somewhat  less  accuracy.  It  will  be  noticed  that  the  new 
methods  for  small  quantities  are  applied  in  some  cases.  In  others  it 
will  be  seen  that  the  usual  quantitative  methods  are  made  available  and 
accurate  by  decreasing  the  volume  of  solutions  used  to  about  Vio>  avoid- 
*  W.  Koch,  "Methods  for  the  Quantitative  Chemical  Analysis  of  Animal  Tissue," 
This  Jodrnai^  31,  1339  (1909);  M.  L.  Koch  and  C.  Voegtlin,  "Chemical  Changes  in 
the  Cencral  Nervous  Ssrstem  in  Pellagra,"  Hygienic  Lab.  Bull.,  X03,  51  (1916). 
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ing  transference  of  material  whenever  possible,  often  by  use  of  centri- 
fuge tubes,  and  the  titration  of  the  material  in  these  smaller  volumes 
with  o.oi  N  instead  of  o.  i  AT  solutions.  It  is  believed  that  in  this  way 
the  usual  accuracy  is  maintained,  though  only  small  amounts  are  actually 
estimated.  Obviously  greater  care  must  be  used  in  gradation  when 
smaller  apparatus  is  used.  Only  redistilled  organic  solvents  were  em- 
ployed. 

In  the  alcohol  method  used  in  this  investigation,  lo  g.  of  tissue  was 
placed  in  a  loo  cc.  conical  flask  and  redistilled  alcohol  added  until  the 
concentration  of  the  alcohol  in  the  solution  was  about  80%.  The  corked 
flask  was  then  allowed  to  stand  in  a  dark  place  for  several  weeks,  al- 
though the  time  could  be  shortened  when  necessary  by  repeated  heatings. 
Then  on  each  of  several  successive  days  the  mixture  was  brought  just  to  the 
boiling  point  3  or  4  times.  Finally  the  hot  alcohol  was  decanted  through 
a  weighed,  paper-lined,  perforated  crucible  into  a  weighed  75  cc.  beaker. 
More  alcohol  was  added  to  the  residue  in  ttiit  flask,  the  mixture  heated 
and  decanted  as  before.  This  was  repeated  4  times.  The  residue  was 
then  allowed  to  stand  overnight  in  ether,  warmed  several  times  and  de- 
canted, after  which  it  was  transferred  to  a  glass  mortar,  thoroughly 
ground,  and  again  placed  in  a  flask.  The  alcohol  and  ether  extractives 
in  the  meantime  were  concentrated  on  a  steam  bath. 

The  residue  in  the  flask  was  then  digested  3  times  with  about  20  cc. 
of  hot  water,  and  the  water  extracts  decanted  through  the  same  weighed 
crucible  into  a  separate  beaker.  After  concentrating  to  about  5  cc., 
enough  alcohol  was  added  to  make  the  alcohol  concentration  80%.  It  was 
heated  to  boiling  tmtil  the  protein  was  coagulated,  then  poured  through  the 
crucible,  again  heated  to  boiling  and  poured  through  crucible  into  the  first 
weighed  beaker.  The  residue  was  then  heated  and  transferred  to  the  cru- 
cible. 95%  alcohol  was  heated  in  separate  beaker  and  used  to  wash  out 
the  flask,  used  repeatedly  for  this  purpose,  and  finally  collected  in  the 
weighed  beaker.  By  proper  manipulation  with  a  glass  rod,  all  of  the 
residue  was  now  in  the  weighed  crucible. 

This  crucible  was  suspended  in  a  continuous  extractor  and  extracted 
^th  95%  alcohol  for  30  hours.  The  alcohol  extract  was  then  trans- 
ferred to  the  weighed  beaker  residue.  The  residue  in  the  crucible  was 
then  extracted  10  hours  with  chloroform,  the  extract  transferred  to  the 
weighed  beaker  and  evaporated  carefully  to  dryness,  and  dried  to  con- 
stant weight  in  a  vacuum  desiccator.  This  gives  the  weight  of  the  lipins 
plus  the  extractives.  The  protein  residue  in  the  crucible  was  then  heated 
to  constant  weight  in  a  105°  oven  and  kept  in  vacuum  desiccator.  The 
total  soUds  equal  the  sum  of  these  two  weights. 

About  40  cc.  water  was  added  to  the  beaker  containing  the  extractives 
and  lipins.    After  considerable  stirring  and  some  time,  a  homogeneous  emul- 
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sion  was  obtained.  This  was  transferred  to  a  50  cc.  centrifuge  tube 
and  ^/i  cc  of  hydrochloric  add  added  with  stirring.  As  soon  as  the 
lipins  were  precipitated,  the  material  was  centrifuged  and  then  decanted 
carefully  into  a  100  cc.  measuring  flask  (lipin  flask)  containing  about  5  cc. 
of  chloroform.  This  flask  was  thoroughly  shaken  for  several  minutes,  al- 
lowed to  settle  and  the  watery  part  added  to  a  second  centrifuge  tube, 
centrifuged,  and  the  dear,  almost  colorless  solution  of  extractives  filtered 
into  a  100  cc.  measuring  flask.  The  residue  in  the  first  centrifuge  tube 
was  washed  with  about  30  cc.  of  water  containing  V4  cc.  of  hydrochloric 
add.  The  centrifuged  solution  was  placed  in  the  100  cc.  lipin  flask  and 
shaken  with  the  chloroform,  treated  just  as  the  original  solution,  and 
finally  added  to  the  100  cc.  extractive  flask.  The  residue  in  the  tube  was 
washed  once  more  with  30  cc.  of  water  containing  ^/a  cc.  of  hydrochloric 
add  and  treated  as  before. 

The  material  in  the  extractive  flask  was  made  up  to  100  cc.  Aliquots 
of  this  solution  were  used  later  for  the  various  determinations.  * 

The  residue  in  the  centrifuge  tube  was  dissolved  in  a  mixture  of  abso- 
lute alcohol  and  chloroform  (approximatdy  10  to  i),  and  added  to  the 
lipin  flask.  AH  the  apparatus  used  for  the  predpitation  of  the  lipins 
was  washed  thoroughly  with  alcohol-chloroform  mixture  and  the  latter 
transferred  to  the  lipin  flask  and  diluted  to  the  mark  with  absolute  alco- 
hol. If  the  proper  amotmts  of  alcohol,  chloroform  and  water  (not  much 
of  the  last  two)  are  present,  a  dear  solution  is  obtained. 

Extractives* 

By  evaporating  30  cc.  (or  another  aliquot  part)  of  the  extractives  to 
dryness  in  wdghed  crudble  or  dish  and  bringing  to  constant  wdght  in  a 
vacuum  desiccator  over  caldum  chloride,  the  wdght  of  extractives  was 
obtained.  Subtracting  the  wdght  of  extractives  from  that  of  lipins  and 
extractives  gave  the  total  weight  of  the  lipins.  This  same  organic  and 
inorganic  residue  was  carefully  ignited  to  constant  wdght.  The  ash  is 
not  a  measure  of  the  inorganic  salts  alone,  and  probably  the  original 
ions  are  considerably  rearranged;  yet  it  is  a  hdpful  determination.  This 
ash  was  dissolved  in  warm  dil.  nitric  add,  made  to  10  or  25  cc.  and  part 
used  for  the  determination  of  one  or  more  of  the  following:  sodium,  potas- 
situn,  caldum,  magnesium,  phosphorus,  iron  (chlorine,  sulfur). 

Calcium  was  determined  by  placing  an  aliquot  part  ( Vs)  in  a  centrifuge 
tube,  making  slightly  alkaline  to  phenolsulfonphthalein  with  ammonia, 
boiling  till  neutral,  then  while  hot  adding  slowly  one  cc.  of  a  solution  of 
1.25%  oxalic  add  in  0.25  AT  hydrochloric  add.  The  mixture  was  al- 
lowed to  cool  and  0.5  cc.  of  20%  sodium  acetate  solution  added.  After 
standing  overnight  this  was  centrifuged,  washed  twice  by  centrifug- 
ing  with  5  cc.  portions  of  cold  water  and  2  cc.  of  5%  sulfiuic  add  added. 
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It  was  then  heated  and  titrated  with  o.oiN  potassium  permanganate 
solution  to  a  faint  pink  color.  ^ 

Magnesium  was  determined  in  the  filtrate  from  the  calcium  determina- 
tion. This  was  incinerated  with  a  small  amount  of  sulfuric  add,  then 
transferred  with  water  to  a  centrifuge  tube  and  precipitated  as  magnesitun 
ammonium  phosphate.  After  washing  with  dilute  ammonium  hydroxide 
it  was  dissolved  in  a  few  drops  of  nitric  add.  Thereafter  the  procedure 
was  as  in  the  phosphorus  determination  given  bdow. 

Total  nitrogen  in  the  extractives  was  determined  in  a  2  cc.  portion  by 
combustion  with  i  cc.  sulfuric  add  (and  small  amount  of  cupric  sulfate) 
in  a  good-sized,  hard  test-tube.  It  was  diluted  to  10  cc.  in  same  tube, 
made  alkaline,  and  the  ammonia  aerated  into  5  cc.  of  o.oi  N  hydrochloric 
add. 

For  ammonia  nitrogen  10  or  20  cc.  of  the  extractives,  after  being  made 
slightly  alkaline  with  sodium  hydroxide,  was  aerated  into  o.oi  AT  hydro- 
chloric add. 

Urea  Nitrogen. — The  alkaline  solution  from  the  ammonia  nitrogen 
determination  was  then  carefully  neutralized  to  litmus  and  urease  added. 
The  mixture  was  then  incubated  one  hour,  made  alkaline,  and  the  ammonia 
aerated  into  10  cc.  of  0.0 1  AT  hydrochloric  add. 

Amino  Nitrogen. — Five  cc.  of  extractives  was  evaporated  to  2  cc.  and 
the  amino  nitrogen  determined  in  small  amino  apparatus.^ 

For  Creatinin  5  cc.  of  the  extractives  was  saturated  with  picric  add 
and  made  alkaline  with  Vs  cc.  of  10%  soditun  hydroxide  as  usually  stated, 
and  made  up  to  10  cc.  Whether  the  resulting  color  is  due  to  creatinin 
only  is  doubtful.  After  20  minutes  it  was  compared  in  a  colorimeter 
with  a  standard  made  in  the  same  way. 

Creatin  and  Creatinin. — ^Five  cc.  of  extractives  was  saturated  with 
picric  add,  diluted  to  50  cc.,  boiled  for  2  hours  down  to  5  cc.,  made  up  to 
the  required  volume  and  alkalinity  as  for  creatinin,  and  compared  with 
standard  in  colorimeter. 

XTric  acid'  was  determined  if  any  was  present  by  taking  a  large  aliquot 
part  of  extractives  and  evaporating  to  5  cc.  2  cc.  of  silver  magnesia  mix- 
ture was  added  and  the  mixttu'e  centrifuged.  The  residue  was  dissolved  in  2 
drops  of  5%  potassium  cyanide  solution,  stirred,  and  0.5  cc.  of  water,  0.5  cc 
of  phosphotungstic  add  reagent,  and  2  cc.  of  20%  sodium  carbonate  solu- 
tion added.  After  making  up  to  10  cc.  it  was  compared  in  a  colorimeter 
with  standard  uric  add  solution  treated  in  same  way. 

'  J.  O.  Halverson  and  O.  Bergeim,  "Determination  of  Small  Amounts  of  Caldwn 
Particularly  in  Blood,"  /.  Biol.  Chem.,  32,  159  (1917). 

^  D.  D.  Van  Slyke,  "The  Micromethod  ^.^r  Gasometric  Determination  of  Aliphatic 
Amino  Nitrogen,"  Ibid.,  23,  407  (19 15). 

«  O.  Folin  and  W.  Denis,  "On  the  Colorimetric  Determination  of  Uric  Add  in 
Urine,"  Ibid.,  14,  95  (1913). 
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Total  extractive  stilfur  was  determined  by  evaporating  5  (or  10)  cc. 
in  a  nickel  crucible  with  not  more  than  o .  5  cc.  of  a  20%  solution  of  potas- 
sium hydroxide  and  sodium  nitrate  (4-1).  (It  is  also  safe  to  use  the  mag- 
nesia fusion  method.  See  lipin  sulfur.)  The  amount  of  alkali  salts  must 
be  kept  low,  for  they  interfere  with  precipitation  of  benzidine  sulfate. 
When  dry,  it  was  heated  on  electric  plate  or  over  an  alcohol  lamp  and 
finally  with  sulfur-free  or  asbestos  protected  burner  if  necessary,  dis- 
solved in  water,  transferred  to  a  25  cc.  beaker,  made  add  with  hydro- 
chloric add,  evaporated  to  dryness,  taken  up  with  hydrochloric  add, 
again  evaporated  to  dryness.  The  treatment  with  hydrochloric  add  was 
repeated,  and  the  solution  taken  up  in  2  cc.  of  water  and  transferred  to  a 
centrifuge  tube.  Ten  cc.  of  benzidine  solution  was  added  and  the  mixture 
allowed  to  stand,  after  which  it  was  centrifuged  and  washed  3  times  with 
saturated  benzidine  sulfate  solution.  Finally  the  benzidine  sulfate  was 
titrated  with  o.oi  N  sodium  hydroxide  solution. 

For  Sulfur  as  sulfateSi  20  cc.  was  neutralized,  evaporated  slowly  to 
about  2  cc.,  transferred  to  a  centrifuge  tube,  and  made  slightiy  add  with 
hydrochloric  add.  It  was  then  heated  in  a  water-bath  and  o.oi  N 
torium  chloride  solution  added  drop  by  drop.  The  end-point  was  moder- 
atdy  sharp,  when  a  drop  did  not  produce  a  doudiness  in  the  dear 
centrifuged  liquid  after  some  time  standing.  A  0,01  N  sulfuric  add 
solution  was  used  to  titrate  back  if  necessary.  This  determination  is 
somewhat  tedious,  but  is  the  most  satisfactory  one  for  small  amotmts 
of  sulfates. 

Neutral  sulfur  is  the  difference  between  total  extractive  sulfur  and 
sulfate  sulfur. 

Bxtracthre  sugar  (+  other  copper  reducing  substances)  was  estimated 
by  neutralizing  2  cc.  of  extractive  solution  in  a  test-tube.  To  this  was 
added  one  cc.  of  mixed  Fdiling*s  solution.  This  was  heated  in  boiling 
water  for  exactiy  5  minutes,  then  placed  in  ice  water  for  several  minutes. 
Five  cc.  of  40%  sulfuric  add  and  5  cc.  of  100%  potassium  iodide  were 
slowly  run  in  and  the  cold  solution  titrated  immediatdy  with  0.02  N 
thiosulfate  solution  to  faint  salmon  pink  color,  with  stardi  as  indicator. 
It  is  usually  best  to  run  one  or  two  tubes  on  the  copper  solution  and  one 
or  two  on  known  sugar  solutions  of  the  concentration  expected. 

Total  extractive  phosphorus  was  estimated  in  2  cc.  after  destroying  the 
organic  material  by  heating  with  0.5  cc.  of  sulfuric  add  and  3  cc.  of  cone, 
nitric  in  a  test-tube.  If  the  sulfuric  add  residue  was  colorless,  it  was 
transferred  with  water  to  a  15  cc.  centrifuge  tube,  neutralized  with  am- 
monitun  hydroxide,  and  made  slightiy  add  with  nitric  add.  To  this, 
the  volume  of  which  should  be  about  5  cc.,  was  added  2  cc.  of  50%  am- 
monitun  nitrate  solution,  and  the  mixture  was  heated  to  70^  in  water, 
3  cc.  of  ammonium  molybdate  solution  added,  and  allowed  to  stand  at  65  ^ 
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for  20  minutes.  By  a  judidotis  use  of  a  rubber  tipped  rod  and  a  fine  spray 
from  a  wash-bottle  (with  occasionally  a  drop  of  alcohol)  the  precipitate  was 
centrifuged  satisfactorily.  After  decantation,  it  was  twice  washed  with 
one  per  cent,  ammonium  nitrate  solution  and  once  with  water  by  centri- 
fuging.  An  excess  of  0.1  N  soditun  hydroxide  solution  was  added 
with  a  carefully  graduated  one  cc.  pipet  (using  the  same  one  in  the  same 
way  for  the  o.oi  N  add  value),  one  drop  of  phenolphthalein  solution 
added  and  the  solution  titrated  immediatdy  with  o.oi  N  hydrochloric 
add. 

For  PhosphateSi  ammoniiun  nitrate  and  ammonitun  molybdate 
solutions  were  added  to  2  cc.  of  extractives  in  a  centrifuge  tube  at  65  **, 
the  mixture  centrifuged,  washed  and  titrated  as  above. 

Neutral  phosphorus  is  the  difference  between  total  extractive  phos- 
phorus and  phosphate  phosphorus. 

Lipins. 

An  aliquot  part  of  the  lipin  solution  (30  cc.)  was  evaporated  to  dryTiess 
in  a  200  cc.  round-bottomed  flask  and  25  cc.  of  water  and  one  cc.  of  con- 
centrated hydrochloric  add  added.  The  contents  were  refluxed  for  30 
hotu^,  after  which  the  solution  was  decanted  and  filtered  into  measuring 
cylinder  or  flask.  The  fatty  add  residue  was  again  heated  with  15  cc. 
of  water  and  0.5  cc.  of  hydrochloric  add  for  10  hours,  and  filtered  into 
same  cylinder  or  flask.  After  washing  the  residue  a  few  times  with 
addulated  water,  the  combined  solutions  were  made  up  to  40  or  50  cc. 

The  Upin  residue  was  dissolved  in  ether  or  chloroform  and  evaporated 
to  constant  weight  in  wdghed  beaker,  then  dissolved  in  chloroform  and 
made  to  10  cc. 

lipin  Residue  Nitrogen  and  Phosphorus. — Two  cc.  was  evaporated 
and  digested  with  2  cc.  of  sulfuric  add  and  a  drop  of  cupric  sulfate  tmtil 
colorless.  Water  was  added,  the  solution  made  accuratdy  to  10  cc.,  and 
2  cc.  used  for  the  phosphorus  determination  (see  extractive  phosphorus 
above)  and  8  cc.  used  for  nitrogen  (see  extractive  nitrogen  above). 

Lipin  Residue  Sulfur. — Another  2  cc.  was  evaporated  in  a  nickd  or 
porcelain  crudble  with  one  g.  of  calcined,  washed,  Ught  magnesia  contain- 
ing about  o.oi  g.  of  sodium  carbonate.  When  dry  it  was  ignited  slowly 
over  alcohol  lamp.  Fiunes  should  not  appear.  The  heat  was  gradually 
increased  until  the  mass  was  colorless.  It  was  then  extracted  for  Vi 
hour  with  10  cc.  of  water  on  a  water-bath,  and  filtered.  The  residue  was 
then  extracted  3  times  more  with  5  to  10  cc.  portions  of  water.  To  the 
combined  filtrates  0.5  cc.  of  cone,  hydrochloric  add  and  0.5  cc.  of  bro- 
mine water,  were  added,  and  evaporation  carried  to  dryness.  A  few  cc. 
of  hydrochloric  add  was  then  added,  and  again  the  residue  was  evaporated 
to  dryness.  This  was  repeated  and  the  mass  taken  up  in  3  cc.  of  water, 
transferred  to  a  centrifuge  tube  with  10  cc.  of  benzidine  hydrochloride 
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solution,  and  after  15  minutes,  centrifuged,  washed  3  times  with  water 
saturated  with  benzidine  sulfate,  and  5  cc.  of  water  and  i  drop  of  phenol- 
phthalein  added  and  the  solution  titrated  hot  with  0.01  N  potassium 
hydroxide  solution. 

Amino  Nitrogen. — Five  cc.  of  the  lipin  hydroljrsis  filtrate  was  neutral- 
ized and  evaporated  to  2  cc.  and  the  amino  nitrogen  determined  in  an 
amino  apparatus. 

The  total  filtrate  nitrogeui  in  another  5  cc.  portion,  was  determined 
by  the  usual  combustion  with  one  cc.  of  sulfuric  add  and  a  drop  of  cupric 
sulfate  solution,  and  aeration  into  10  cc.  of  o.oi  N  hydrochloric  add. 
Phosphorus  can  be  determined  in  aliquot  part  following  digestion,  if  de- 
sired. 

Volatile  Amine  Nitrogen.— Ten  cc.  of  the  filtrate  was  made  slightly  al- 
kaline in  a  test-tube  and  the  ammonia  aerated  into  5  cc.  of  o.oi  AT  hydro- 
chloric add,  and  the  nitrogen  calculated  as  ammonia. 

Cholin  Nitrogen. — The  contents  of  this  test-tube  was  neutralized  and 
washed  into  a  small  flask,  evaporated  to  dryTiess,  and  covered  with  abso- 
lute alcohol.  The  residue  was  pulverized  and  allowed  to  stand  till  the 
extraction  was  complete.  It  was  then  filtered  and  washed  several  times 
with  hot  absolute  alcohol;  an  excess  of  alcohol  solution  of  chloroplatinic  add 
was  added  and  the  mixture  allowed  to  stand  overnight,  then  centrifuged, 
and  washed  with  alcohol.  The  residue  was  dissolved  in  water,  trans- 
ferred to  a  test-tube  and  the  nitrogen  estimated  in  the  usual  way.  The 
results  were  expressed  as  choline  nitrogen,  although  there  may  be  other 
forms  present. 

Iodine  Absorbed. — ^Pive  cc.  of  the  filtrate  was  evaporated  to  dryness 
in  a  25  cc.  flask,  and  2  cc.  of  chloroform  or  glacial  acetic  add  added.  Ex- 
actly I  cc  mercury  chloride  and  iodine  (Hiibrs)  solution  carefully  mixed 
into  this,  the  mixture  shaken  and  allowed  to  stand  overnight  in  an  ice- 
box. One  cc.  of  reagent  was  treated  in  exactly  the  same  way  as  a  blank. 
Bach  was  then  titrated  with  o.oi  AT  thiosulfate  solution.  Prom  the  data 
obtained  the  iodine  absorbed  by  the  lipin  hydrol3rsis  filtrate  was  calctdated. 

Sulfur. — ^After  evaporating  5  cc.  of  the  filtrate  to  dryness  it  was 
digested  with  0.5  cc.  potassiiun  hydroxide-sodium  nitrate  fusion  solu- 
tion (or  one  can  use  the  magnesia  fusion,  as  described  under  Lipin  Resi- 
due Sulfur).  The  organic  matter  was  destroyed  and  the  sidfur  esti- 
mated as  benzidine  sulfate  as  described  under  extractive  sulfur. 

Sugar  was  estimated  in  2  cc.  of  the  filtrate  as  described  under  extrac- 
tives; or,  after  neutralization,  by  adding  2  cc.  of  saturated  picric  add 
solution,  2  cc.  of  20%  sodium  carbonate  solution,  and  heating  for  one  hour 
in  boiling  water.  A  known  sugar  solution  of  about  the  same  strength 
was  treated  in  the  same  way,  and  the  two  compared  in  a  colorimeter. 
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20  cc.  of  the  original  lipin  solution  was  evaporated  to  dryness  in  a  nickel 
crucible,  5  cc.  of  potassium  hydroxide-sodium  nitrate  solution  added,  and  the 
mixture  evaporated  to  dryness  on  a  water  bath.  It  was  then  taken  up  in 
water  and  again  evaporated  to  drjmess,  after  which  it  was  placed  on  an 
electric  stove  or  over  an  alcohol  lamp  and  heated  until  white.  It  was 
sometimes  necessary  to  take  up  in  water,  evaporate  and  heat  a  second 
time.  Finally  it  was  taken  up  in  water  and  made  up  accurately  to  10  cc. 
or  any  other  convenient  voliune.  0.5  or  one  cc.  of  the  above  10  cc.  was 
made  add  with  nitric  add,  and  phosphorus  determined  as  previously 
described.    This  was  a  check  on  the  add  fusion  described  below. 

Total  Sulfur. — ^Two  cc.  of  this  solution  was  placed  in  an  evaporating 
dish,  an  excess  of  hydrochloric  add  added  and  evaporated  to  dryness.  The 
residue  was  dissolved  in  hydrochloric  add  and  evaporated  to  dr3mess.  After 
repeating  this  treatment  twice,  the  residue  was  transferred  to  a  centrifuge 
tube  with  a  small  amount  of  water  and  sulfur  determined  by  benzidine 
method  described  above. 

As  a  check  on  this  method,  another  2  cc.  portion  was  treated  with 
hydrochloric  add,  as  described,  then  5  cc.  of  water  was  added,  and  the  solu- 
tion brought  to  boiling.  2  cc.  of  barium  chromate  solution  (4  g.  pure 
baritun  chromate  in  one  Uter  of  N  hydrochloric  add)  was  added  and  the 
solution  boiled  2-5  minutes,  a  piece  of  litmus  paper  was  introduced,  then 
caldtun  carbonate  in  excess,  the  mixture  shaken,  allowed  to  stand  a  few 
minutes,  filtered  and  washed  until  the  voliune  of  filtrate  was  10  cc.  To 
the  filtrate  was  added  0.5  cc.  of  hydrochloric  add  and  0.2  g.  of  potassium 
iodide.  Titrate  with  o.oi  N  thiosulfate  solution.  It  was  necessary  to 
check  the  reagents  and  it  was  found  best  to  run  a  known  amount  of  o.oi  N 
sulfuric  add  as  a  control  experiment.  All  conditions  must  be  kept  imi- 
form.  Whenever  the  amount  of  salts  is  appreciable,  this  method  is 
better  than  the  benzidine  one  (but  the  results  are  uncertain  in  the  extrac- 
tive fraction,  for  there  may  be  present  substances  other  than  sulfates 
that  bring  about  a  liberation  of  iodine). 

Calcium  and  Magnesium. — ^Using  a  5  cc.  portion  caldum  was  estimated 
as  described  under  extractives.  The  filtrate  from  caldum  was  used  for 
magnesium  if  present  in  appreciable  quantities. 

Cholesterol^  was  estimated  in  the  following  way:  A  small  amount  of 
caldum  carbonate  and  anhydrous  sodium  sulfate  was  added  to  a  one 
cc.  portion  of  the  lipin  solution  and  the  mixture  evaporated  to  dryness 
in  a  warm  but  not  hot  place.  When  dry,  the  residue  was  extracted  several 
times  with  2  cc.  portions  of  warm  chloroform.  These  were  filtered  into 
a  10  cc.  graduate,  and  made  to  10  cc.  Two  cc.  of  acetic  anhydride  and 
0.2  cc.  of  sulfuric  add  was  added.  The  mixture  was  then  shaken  and 
^  W.  R.  Bloor,  "The  Detenninatioii  of  Cholesterol  m  Blood,"  /.  Biol,  Chem.,  39, 
437  (1917)- 
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allowed  to  stsmd  */i  hour.  One  or  two  mg.  of  cholesterol,  or  the  amount 
expected,  in  chloroform,  was  treated  in  same  way  at  the  same  time.  The 
color  of  Standard  was  compared  with  the  unknown  in  a  colorimeter. 

The  iodine  number  was  found  for  2  cc.  of  the  lipin  solution  by  evapoora- 
tion  to  dryness,  dissolving  in  3  cc.  chloroform,  adding  one  cc.  mercuric 
chloride  iodine  solution,  allowing  to  stand  in  the  cold  overnight,  and  ti- 
trating with  o.oi  N  thiosulfate  solution. 

Lipin  Nitrogen. — The  organic  matter  in  the  residue  from  2  cc.  of  Upin 
solution  was  destroyed  with  one  cc.  of  sulfuric  add  and  one  drop  of  cupric 
sulfate  solution  in  large  test-tube.  The  lipin  nitrogen  was  determined  in 
the  whole  sample,  after  making  it  alkaline,  by  aerating  the  ammonia  into 
aoi  N  hydrochloric  add,  or  the  solution  was  made  up  to  10  cc.,  and  8 
cc.  used  for  nitrogen  and  2  cc.  for  phosphorus  as  described  above. 

Lipin  phos{diorus  was  best  determined  by  digesting  one  cc.  of  Upin 
solution  with  0.3  cc.  of  sulfuric  add  and  enough  cone,  nitric  add  to  make 
the  solution  colorless  when  evaporated  until  white  fumes  appeared.  When 
the  solution  was  boiled  very  slowly  so  that  the  nitric  add  was  not  rapidly 
removed,  the  organic  matter  was  more  quickly  destroyed.  The  residue 
was  taken  up  in  3  cc.  of  water,  most  of  the  add  neutralized  with  ammonitun 
hydroxide  and  the  phosphorus  determined  as  described  above. 

Proteins. 

About  0.20  g.  of  protein  material  was  exactly  wdghed  out  in  a  nickd 
crudble.  Because  of  the  hygroscopic  nature  of  proteins  this  had  to  be 
done  very  quickly,  or  better,  the  wdght  taken  was  determined  by  differ- 
ence in  wdghing  bottle  wdghts.  Water  and  5  cc.  of  the  potassium  hy- 
droxide and  sodium  nitrate  fusion  mixture  were  added  and  fusion  was 
completed  as  described  above.    The  mixture  was  finally  made  to  10  cc. 

Phosphorus  in  one  cc.  was  determined  as  described  above. 

2  cc.  was  used  for  sulfur  determination  by  the  benzidine  method  as 
given  under  lipin  sulfur. 

In  another  2  cc.  sulfur  was  determined  by  the  diromate  method  de- 
scribed under  lipin  sulfur. 

Calcium  was  determined  in  5  cc.  as  described  for  caldiun  in  extrac- 
tives. 

Chlorine  was  estimated  in  one  cc.  by  making  it  slightly  add  with  nitric 
add  in  a  centrifuge  tube  adding  one  cc.  of  o.  i  AT  silver  nitrate  solution, 
centrifuging  and  titrating  with  0.02  N  potassiiun  thiocyanate  solution, 
using  ferric  ammonium  sulfate  as  an  indicator.  If  desired,  the  solution  in 
tube  can  be  decanted  into  flask,  the  residue  washed  twice,  and  the  contents 
of  the  flask  titrated  for  excess  silver. 

Nitrogen. — ^Using  about  25  mg.  of  protein  in  a  test-tube,  organic  matter 
was  destroyed  with  sulfiuic  add  and  cupric  sulfate  as  usual.    The  residue 
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was  made  alkaline  and  the  ammonia  aerated  into  o.iN  hydrochloric  add, 
or  made  up  to  lo  cc.,  and  6  cc.  used  for  phosphorus  determination  and  4 
cc.  for  nitrogen. 

Q.25  g.  of  protein  was  hydrolyzed  in  a  300  cc.  rotmd-bottomed  flask 
with  20  cc.  of  10%  sulfuric  add  for  25  hours^  The  completely  hydrolyzed 
solution  was  made  up  to  40  cc.  and  the  total  protein  nitrogen  determined 
in  two  I  cc.  portions  in  usual  way. 

The  remainder  of  this  solution  was  filtered  through  a  dry  filter  into  a  50 
cc.  centrifuge  tube,  and  the  nitrogen  determined  in  two  more  i  cc.  por- 
tions. The  difference  between  the  two  sets  was  the  insoluble  humin 
nitrogen.  The  measuring  cylinder  (and  filter  paper)  was  washed.  'V40 
of  the  original  sample  was  then  in  the  centrifuge  tube.  3  g.  of  phos- 
photungstic  add  in  saturated  solution  was  added,  the  solution  stirred, 
and  let  stand  overnight.  It  was  then  centrifuged,  decanted  into  a  beaker, 
washed  twice  by  centrifuging  with  25  cc.  portions  of  2 . 5%  phosphotungstic 
add  5%  sulfuric  add  solution. 

The  phosphotungstic  predpitate  was  washed  into  a  large  test-tube  with 
about  15  cc.  of  water,  made  slightly  but  distinctly  alkaline  and  the  am- 
monia aerated  into  5  cc.  of  o.i  iV  hydrodiloric  add.  This  is  the  ammonia 
nitrogen. 

Barium  chloride  solution  was  added  in  slight  excess  and  the  mixture 
filtered  into  a  50  cc.  measuring  flask,  washed  and  made  up  to  volume. 

Total  nitrogen  in  2  cc.  and  amino  nitrogen  in  another  2  cc.  were  determined, 
allowing  the  gas  to  generate  for  30  minutes  for  complete  formation  of 
nitrogen  from  lysine. 

To  20  cc.  in  small  flask  was  added  5  g.  of  soditmi  hydroxide,  and  the 
flask  was  placed  in  series  as  for  an  ammonia  determination.  It  was  then 
heated  for  6  hours  just  to  boiling  while  passing  in  a  very  slow  stream  o7 
air,  and  thus  aerated  into  5  cc.  o.i  AT  hydrochloric  add.  During  the  last 
hour  it  was  boiled  and  aerated  more  rapidly.  The  result  was  calculated 
as  arginin  nitrogen. 

The  phosphotungstic  filtrate  was  treated  with  a  slight  excess  of  findy 
ground  barium  hydroxide,  filtered  and  washed  thoroughly.  This  solu- 
tion should  always  be  tested  for  ammonia  by  aeration,  because  some 
phosphotungstic  adds  do  not  predpitate  all  of  it.  The  slightly  alkaline 
solution  was  made  slightly  add  with  sulfuric  add  and  evaporated  to  about 
25  cc.  filtered  and  washed  into  a  50  cc.  centrifuge  tube.  0.3  iV  barium 
hydroxide  solution  and  0.$  N  sulfuric  add  were  altematdy  added  until 
approximatdy  no  predpitate  formed  on  adding  a  drop  of  dther.  After 
centrifuging,  a  drop  of  dther  reagent  very  soon  formed  a  predpitate.    The 

*  D.  D.  Van  Slyke,  "Improvement  in  the  Method  for  Analjrsis  of  Proteins  by 
Determination  of  the  Chemical  Groups  Characteristic  of  the  Different  Amino  Acids/' 
/.  Bid.  Chem.,  22,  281  (1915). 
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removal  of  the  barium  and  sulfate  ions  was  continued  alternately,  adding 
and  testily  with  o.i  A^  barium  hydroxide  solution  and  o.i  A^  sulfuric  add. 
When  this  point  was  reached,  one  or  two  drops  of  either  reagent  produced 
a  distinct  cloudiness  in  a  few  minutes.  Some  patience  was  required  to 
get  this  point  correctly.  The  solution  was  then  filtered  into  a  50  cc.  measur- 
ing flask,  washed,  made  up  to  volume,  a  few  drops  of  toluene  added,  and 
the  whole  shaken. 

A  2  cc.  portion  of  this  filtrate  was  used  for  amino  nitrogen  determination. 

The  toted  nitrogen  in  this  fraction  was  determined  by  means  of  a  sulfuric 
add  combustion,  as  described  above. 

A  5  cc  portion  was  used  for  amino  acid  nitrogen  by  the  copper  method. 

Another  5  cc.  was  used  for  the  formol  titration. 

Though  not  definitely  proven  to  be  correct,  a  few  data  indicate  that  the 
aspartic  and  glutamic  adds  can  be  estimated  by  titrating  10  cc.  to  a  faint 
pink  with  phenolphthalein,  running  a  blank  with  an  alanin  solution  of  sim- 
ilar concentration  to  that  of  amino  adds  present.  Or  one  can  predpi- 
tate  them  as  caldum  salts  and  estimate  the  nitrogen.  It  should  be  possi- 
ble to  estimate  tyrosin  in  this  fraction  with  the  phosphotungstic  molyb- 
date  reagent  by  comparison  with  a  tyrosin  standard. 

The  soluble  humin  nitrogen  was  calculated  by  adding  the  total  nitro- 
gen found  in  the  phosphotungstic  predpitate  and  filtrate,  induding  the 
ammonia  +  insoluble  humin  nitrogen,  and  subtracting  this  from  the  total 
nitrogen  before  predpitation  of  the  basic  nitrogen.  Obviously  errors  in 
previous  determination  collect  in  this  estimation. 

General  Discussion. 

There  are  several  questions  of  physiological  importance  upon  which  an 
analysis  of  the  pittntary  may  shed  light.  The  glandular  anterior  lobe  has  its 
origin  in  the  alimentary  canal,  while  the  nervous  posterior  lobe  originates 
from  the  same  structure  as  the  nervous  system.  It  is  natural,  then,  to 
ask  to  what  extent  have  the  differences  due  to  independent  origin  been 
preserved;  and  how  far  have  these  original  differences  been  changed  by 
juxtaposition  and  cooperation  in  function?  It  might  be  expected  that 
the  posterior  lobe  would  be  more  nearly  like  the  nervous  system  than  like 
the  aihnentary  canal  in  amounts  of  the  various  chemical  substances  present 
and  that  the  anterior  lobe  would  resemble  more  dosdy  the  alimentary 
canal. 

It  is  necessary  to  add  that  because  of  the  early  union  of  the  two  por- 
tions, it  is  probable  that  the  material  from  which  they  were  formed  had 
not  yet  assumed  many  chemical  differences.  In  this  case  the  peculiari- 
ties in  the  chemical  nature  of  the  two  lobes  would  be  of  a  common  de- 
vdopment.  Even  then,  however,  there  must  have  been  some  potential 
or  actual  differences  at  the  time  of  union  that  would  persist  in  making  the 
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anterior  lobe  more  like  the  alimentary  canal  tissue  and  the  posterior  like 
nervous  tissue. 

It  is  pertinent  to  ask,  too,  what  the  data  show  in  regard  to  the  origin  or 
presence  of  the  active  principles  of  the  pituitary.  There  should  be  indi- 
cations of  such  active  compounds  if  present  in  appreciable  quantities. 
Also,  what  tissues  or  what  kinds  of  tissues  do  the  lobes  of  the  hypoph3rsb 
most  nearly  resemble?  There  is  some  evidence,  for  example,  that  the 
anterior  lobe  is  similar  in  function  to  the  thjrroid;  therefore  it  may  be 
similar  in  composition.  There  should  also  be  comparison  with  other 
glands,  especially  those  of  internal  secretion. 

Discussion  of  Results. 

Water  and  Solids. — ^Judging  from  the  fact  that  the  posterior  lobe  has 
2.4%  less  solids  than  the  anterior,  it  is  physiologically  the  more  active 
and  younger.^  The  water  content  of  the  hypophysis  is  about  half  way 
between  that  of  white  and  gray  matter  of  the  brain.  It  is  about  8% 
higher  than  that  for  either  muscle  or  liver  and  very  much  higher  than  for 
the  supporting  tissues.  It  resembles  other  secretory  glands  most  closely 
in  water  content  as  well  as  in  many  other  respects. 

Proteins. — ^The  fresh  anterior  lobe  consists  of  4%  more  proteins  than 
the  posterior  lobe.  Both  lobes  contain  considerably  more  than  do  white 
or  gray  matter  of  the  brain,  more  than  muscle,  but  about  the  same  as  liver. 
The  spleen  and  th3rroid  contain  amounts  of  protein  similar  to  the  hypo- 
phjrsis. 

If  it  is  permissible  to  judge  of  the  amount  of  nudeoprotein  in  the  hypo- 
physis by  the  phosphorus  present  in  the  protein  fraction,  it  would  seem 
that  the  percentage  of  total  protein  found  as  nudeoprotein  is  about  the 
same  in  tiie  two  lobes.  It  is  safe  to  say  that  there  is  about  3  times  as 
much  nudeoprotein  in  the  pituitary  as  in  any  of  the  divisions  of  the 
nervous  system,  many  times  more  than  in  musde,  but  probably  less  than 
in  liver  and  spleen. 

In  comparing  the  distribution  of  the  protein  nitrogen  in  the  two  lobes,, 
the  most  apparent  fact  is  the  similarity  between  them.  Humin,  am- 
monia, basic,  and  the  monoamino  forms  are  about  equally  distributed  in 
the  two  lobes.  However,  the  larger  amount  of  histidin  and  the  smaller 
amount  of  cystin  in  the  anterior  lobe  are  probably  significant  differences. 
Though  the  proteins  of  the  lobes  of  the  pituitary  have  not  been  isolated 
and  investigated  separatdy,  the  data  above  would  indicate  that  the  pro- 
teins of  the  two  lobes  are  qualitativdy  very  similar. 

Lipins. — It  wiU  be  noticed  that  the  total  lipins  are  o.  84%  higher  in  the 
posterior  lobe  than  in  the  anterior,  reversing  the  protdn  percentages  in 
the  two  lobes.    Though  the  white  matter  of  the  nervous  S3rstem  has  5 

'  F.  Fenger,  "Composition  and  Physiological  Activity  of  the  Pituitary  Body,*'  /. 
Biol.  Chem.,  25,  417  (1916). 
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Tabls  I. 
Consthuents  in  Percentages  of  Ftesh  Tissue  and  of  Total  Solids. 

Anterior  lobe.  Posterior  lobe. 

Fresh  tissue.      Total  solids.  Presh  tissue.  Total  solids. 

Water 7723  79-68 

Sdids 22.77  20.32 

Proteins 17.66  77-53  1346  66.22 

Protein  phosphorus 0.116  0.509  0.097  0.477 

Protein  sulfur .' 0.178  0.782  0.205  i-oi 

Protein  caldum 0.017  0.074  0.032  0.157 

Protein  nitrogen 3.390  10.49  1.68  8.27 

Protein  humin  nitrogen 0.487  2.15  0.256  1.26 

Protein  ammonia  nitrogen 0.117  0.51  0.073  0.359 

Protein  ba^c  nitrogen 0.653  2.87  0.513  2.52 

Protein  arginin  nitrogen 0.373  1*64  0.321  1.59 

Protein  histidin  nitrogen 0.104  0.462  0.027  0.132 

Protein  Ijrsin  nitrogen 0.148  0.651  0.075  0.367 

Protein  cystin  nitrogen 0.078  0.34  0.090  0.443 

Protein  monoamino  nitrogen i*i33  4-97  0.841  4.14 

Protein  non-amino  nitrogen 0.285  1.25  0.190  0.935 

Protein  er-amino nitrogen 0.848  3.73  0.651  3.20 

Lipins 3.16  13-87  400  19.68 

Lipin  phosphorus 0.095  0.418  0.12  0.59 

Lipin  stilf ur 0.0012  0.0053  0.0016  0.0079 

Cholesterol 0.375  1-65  0.430  2.12 

Iodine  absorbed 1.94  8.52  2.63  12.94 

Lipin  residue 2.02  8.87  2.58  12.69 

Lipin  nitrogen 0.054  0.237  0.077  0.379 

Lipin  residue  nitrogen o.oii  0.048  0.013  0.064 

lipin  filtrate  nitrogen 0.043  0.189  0.064  0.315 

Lipin  amino  nitrogen 0.025  o.iio  0.037  0.181 

Lipin  choline  nitrogen 0.016  0.070  0.021  0.103 

Lipin  sugar 0.13  0.57  0.15  0.74 

Extractives 1.95  8.56  2.87  14.12 

Organic  extractives 1.56  6.85  2.44  12.00 

Inorganic  extractives 0.39  1.71  0.43  2.12 

Extractive,  sulfur 0.003  0.013  0.005  0.025 

Extractive,  caldtun 0.002  0.009  0.008  0.039 

Extractive,  phosphorus 0.056  0.246  0.068  0.335 

Extractive  (phosphate)  phosphorus  0.036  0.158  0.028  0.138 

Extractive  neutral  phosphorus. . . .  0.020  0.088  0.040  o.  197 

Extractive  sugar 0.342  1.50  0.225  1.107 

Extractive  nitrogen 0.085  0.374  0.168  0.827 

Extractive  amino  nitrogen 0.053  0.233  0.093  0.458 

Extractive  ammonia  nitrogen 0.003  0.013  0.002  o.oio 

Extractive  urea  nitrogen 0.007  0.031  0.004  0.020 

Extractive    creatin    +    creatlnin 

nitrogen 0.012  0.053  0.009  0.044 
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Tablb  n. 

Percentage  of  Lipins  in  Fresh  Tissue. 

▲nterior  lobe.  Poiterior  lobe. 

Total  lipins 3 .  16  4.00 

Cholesterol 0.375  0,430 

Phosphatids 2 .45  3 .09 

Cephalin 1.47  2.16 

Lecithin 0.84  i.ii 

Cerebrosides (**''*  ^''^?_™^         «f«  <««««) 

I  0.55    (res.  nitrogen)        .0.65    (res.  nitrogen) 
Siilfatids 0.06  0.68 

TablS  III. 
Distribution  of  Nitrogen,  Phosphorus  and  Sulfur. 

Anterior  lobe.  Posterior  lobe. 

%  total  %  total        %  total        %  total         %  total         %  total 

mtrogen.     phosphorus,      sulfur.        nitrogen,    phosphorus.      sulfur. 

Protein 945  434  977  873  340  96.9 

Lipin 2.13  35.6  0.7  4.0         42.1  0.8 

Extractive 3.36  21.0  1.6  8.7  23.9  2.4 

times  as  much  lipins  as  the  posterior  lobe  (20%  as  against  4%),  the  gray 
matter  has  about  the  same  percentage  amount  as  the  pituitary.  The 
percentage  of  total  solids  present  as  lipins  is  similar  to,  but  less  than  that  in 
the  nervous  system,  bief ore  medullation  has  occurred.  There  is  considerable 
similarity  between  fetal  brain  and  adult  pituitary  in  the  percentage  of  total 
solids  present  as  lipins  and  as  proteins.  Muscle  has  about  ^/i  as  much 
lipins,  most  of  the  glandular  tissues  have  less.^  The  liver,  however,  con- 
tains nearly  as  mudi;  the  th3n'oid  somewhat  more. 

About  the  same  portion  of  the  total  lipins  in  the  two  lobes  is  in  the  form 
of  cholesterol.  Both  lobes  contain  less  cholesterol  than  any  part  of  the 
brain,  less  even  than  in  very  young  fetal  brains,  but  contain  more  choles- 
terol than  do  other  organs. 

The  phosphatids  are  calculated  from  the  lipin  phosphorus  on  the  as- 
sumption that  the  phosphatids  contain  3 .  88%  of  phosphorus.  This  group 
is  about  equally  distributed  between  the  two  lobes.  The  phosphatids 
are  probably  present  in  amounts  about  equal  to  those  in  gray  matter  of 
brain,  somewhat  greater  than  in  liver,  much  greater  than  in  muscle,  and 
similar  to  that  in  th3n-oid  and  spleen. 

In  the  table  the  lipin  amino  nitrogen  is  calculated  to  theoretical  cephalin, 
assiuning  that  it  has  1.7%  amino  nitrogen.  However,  it  is  probable 
that  there  are  small  amounts  of  other  lipins  that  contain  amino  nitrogen. 
Cephalin  is  thus  the  principal  lipin  in  both  lobes  of  the  pituitary,  as  it  is 
in  all  divisions  of  the  brain. 

Theoretical  lecithin  is  calculated  from  the  choline  nitrogen,  assuming 

thar  1.9%  (all)  its  nitrogen  is  in  this  form.    There  is  about  '/s  as  much 

^  P.  Penger,   "Phosphatids  in  the  Ductless  Glands,"  J,  Biol,  Chem.,  27, 303  (1916). 
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lecithin  as  cephalin  in  each  lobe.  These  proportions  are  similar  to  those 
in  the  brain. 

Some  nitrogen  in  filtrate  is  not  amino  or  choline  nitrogen.  This  may 
be  one  of  the  constituents  of  tethelin,  or  possibly  of  some  phosphatids. 
This  may  be  concerned  in  the  formation  of  the  active  principle  of  the  pos- 
terior lobe. 

The  cerebrosides  can  be  calculated  from  the  residue  nitrogen  (cerebro- 
sides  =  2.00%  N).  By  this  estimation  the  posterior  lobe  has  0.65% 
and  the  anterior  lobe  0.55%  cerebrosides.  It  is  probably  more  accurate 
to  calculate  from  the  ^gar  formed  on  hydrolysis  assuming  that  the  cere- 
brosides contain  2 1 . 8%  sugar.  In  this  way  the  cerebrosides  equal  o .  69% 
in  the  posterior  lobe  and  0.60%  in  the  anterior.  This  is  remarkably 
^milar  to  the  amounts  found  in  gray  matter,  about  Vio  that  of  white 
matter,  but  much  greater  than  in  most  tissues.  Pus  cells  have  about  the 
same  quantity  as  the  pituitary.  The  glands  of  internal  secretion  may  con- 
tain large  amounts  of  cerebrosides;  the  data  are  meager. 

The  amount  of  sulfatids  is  very  small,  much  smaller  than  in  the  fetal 
nervous  qrstem.  In  this  respect  it  is  similar  to  the  non-nervous  parts 
of  the  organism. 

Extractives. — If  the  amount  of  extractives  is  a  measure  of  the  activity 
of  a  tissue,  both  lobes  are. among  the  more  active  tissues.  The  posterior 
lobe  has  considerably  more  extractives  than  the  anterior.  The  posterior 
lias  about  as  much  as  young  nervous  tissue,  and  more  than  adult  nervous 
tissue.  The  anterior  lobe  has  approximately  the  same  amount  as  the 
musdes,  though  the  amounts  oi  the  various  forms  of  extractives  differ 
greatiy. 

The  amount  of  inorganic  material  in  the  two  lobes  differs  but  slightiy, 
while  the  amount  of  organic  material  is  almost  1%  higher  in  the  posterior. 
One  would  expect  the  secreting  portion  to  be  higher  in  all  extractives 
unless  some  special  material  of  organic  nature  is  being  elaborated.  In 
both  lobes  the  amount  of  the  inorganic  extractives  is  considerably  les$, 
than  in  the  brain  or  musdes  and  most  other  organs. 

There  is  more  sulfur  and  more  calcium  in  the  posterior  lobe.  The 
phosphorus  as  phosphate  is  higher  in  the  anterior  lobe,  but  the  neutral 
phosphorus  is  considerably  greater  in  the  posterior.  The  amount  of 
sugar  or  other  reducing  substances  in  the  anterior  lobe  is  greater.  The 
amount  of  nitrogen  is  about  twice  as  high  in  the  posterior  lobe.  The 
amount  of  nitrogen  in  the  form  of  urea,  ammonia,  creatin  and  creatinin 
is  slightiy  greater  in  the  anterior  lobe. 

Probably  the  most  significant  data  on  extractives  is  the  comparativdy 
large  amount  of  nitrogen  in  the  posterior  lobe  as  amino  nitrogen  and  un- 
determined nitrogen.  These  are  the  two  forms  that  are  probably  present 
in  the  pressor  prindple  of  the  hypoph3rsis. 
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It  is  evident  from  Table  III  that  the  distribution  of  nitrogen,  phosph<»iis 
and  sulfur  is  very  much  the  same  in  the  two  lobes. 

Conclusions  and  Summary. 

1.  A  method  of  tissue  analysis  using  small  quantities  is  described.  Two 
to  10  g.  of  tissue  is  used  for  complete  analy^s.  The  compotmds  are  separa- 
ted into  3  groups,  proteins,  lipins,  and  extractives.  Many  determinations 
are  made  on  aliquot  parts  of  each  of  these  groups. 

2.  The  anterior  lobe  has  2.4%  more  solids,  4%  more  protein,  0.9%  less 
lipins,  and  o .  9%  less  extractives  than  the  posterior  lobe. 

3.  The  distribution  of  the  various  elements  and  compotmds  in  the 
protein  fraction  indicates  a  dose  similarity  in  the  nature  of  the  proteins 
of  the  two  lobes. 

4.  Except  for  the  small  amount  of  sulfatids  in  the  hypophysis  the  dis- 
tribution" and  amounts  of  the  various  lipins  are  similar  to  those  of  gray 
matter  of  the  cortex.  Because  of  lack  of  quantitative  data  it  cannot  be 
stated  whether  the  particular  pituitary  lipins  do  or  do  not  dosely  resemble 
those  of  the  other  glands  of  internal  secretion  (thyroid  in  particular). 

5.  The  extractives  deddedly  predominate  in  the  posterior  lobes.  In 
attempting  to  see  in  what  substances  this  predominance  consists,  non- 
phosphate  phosphorus,  amino  nitrogen  and  undetermined  nitrogen  are 
found  to  be  conspicuous.  The  two  latter  may  be  present  in  the  pressor 
compound. 

6.  The  chemical  composition  of  the  hypophysis  resembles  the  gray  mat- 
ter of  the  brain  or  young  nervous  tissue  in  most  respects.  There  are 
many  points  of  resemblance  to  the  thyroid  and*spleen,  quite  a  few  to  the 
liver,  but  practically  none  to  the  connective  tissues,  musde,  or  white 
matter  of  the  brain.  There  is  no  part  of  this  data  that  would  indicate 
that  the  pituitary  could  not  have  a  vicarious  relationship  to  the  thyroid. 

7.  In  those  respects  in  which  the  two  lobes  differ,  the  posterior  is  more 
like  gray  brain  substance  than  the  anterior.  Both  lobes  resemble  each 
other  more  dosdy  than  dther  resembles  any  other  tissue.  It  cannot  be 
stated  that  the  pituitary  is  more  like  tmmedullated  nervous  tissue  than 
it  is  like  undifferentiated  pus  cells.  It  can  be  assumed  as  an  hypothesis 
that  the  partly  differentiated  embryological  material,  after  union  of  the 
two  parts,  devdops  together,  resulting  in  a  similarity  of  composition. 

San  Francisco,  Cai^ipornia. 


Digitized  by 


GooQle 


PRBPARATION  OP  CYAN0G9N  CHIX>RIDS.  I24I 

(CONTRIBXTTION  VBOU  TH8  CbSMICAL  LaBORATORT  OF  TH8  WOKC88T8R  POLTTSCBMXC 

Institute.] 
THE  PREPARATION  OF  CYANOGEN  CHLORIDE.' 

By  W.  L.  JBNNINO8  AND  W.  B.  SCOYT. 
ReceiTMl  May  2,  1919. 

BerthoUet,*  in  1787,  was  the  first  to  prepare  cyanogen  chloride  by  the 
action  of  chlorine  on  hydrocyanic  add.  Because  of  his  misconcepticm  of 
the  nattu-e  of  chlorine  he  called  the  product  "oxidized  prussic  add/'  but 
did  not  determine  its  constitution.  In  1815  Gay-Lussac*  determined  its 
chemical  nature,  assigned  the  formula  which  is  accepted  to-day,  and 
named  it  *'chlorocyanic  add."  His  method  was  to  saturate  an  aqueous 
solution  of  hydrocyanic  add  with  chlcnine  and  remove  the  excess  chlorine 
by  shaking  with  mercury.  The  product  was  at  first  obtained  from  the 
s61ution  by  distillation,  but  as  it  was  thought  this  heating  decomposed  it, 
in  later  experiments  it  was  separated  by  reducing  the  pressure  in  the  flask 
until  the  "chlorocyanic  add"  was  vaporized.  Gay*Lussac  found  later 
that  he  could  prepare  the  substance  by  the  interaction  of  moist  hydro- 
cyanic add  and  dilorine  and  by  the  action  of  chlcnine  on  dry  mercuric 
cyanide  in  the  sunlight,  but  he  preferred  the  first  method.  He  did  not 
purify  his  product  well  enough  to  make  an  accurate  determination  of  its 
physical  constants.  Prom  its  behavior  he  conduded  that  while  at  or- 
dinary temperature  and  pressure  it  appeared  to  be  a  gas,  this  property 
might  be  due  to  the  presence  of  some  other  gas  such  as  carbon  dioxide. 
Serullas,^  in  1827,  found  that  the  presence  of  moisture  greatiy  facilitated 
the  reaction  between  the  chlorine  and  mercuric  cyanide;  enough  water 
was  added  to  the  mercuric  cyanide  to  moisten  but  not  disscdve  it.  Chlorine 
was  passed  into  the  flask  containing  the  cyanide  until  most  of  the  air  was 
expelled  and  the  flask  was  then  set  aside  for  from  10  to  12.  hours,  as  it 
was  found  that  under  these  ccmditicms  direct  sunlight  was  detrimental 
to  the  reaction.  The  product  contained  hydrcx^oric  add,  C3ranogen  and 
(Morine.  He  found  the  mdting  point  to  be  — 18  to  — 20**  and  the  boiling 
point  —12*^  to  — 15^  but  the  {Mxxluct  was  obviously  far  from  pure.  He 
was  the  first  to  name  it  cyanide  of  chlorine. 

Serullas  found  that  while  dry  cyanogen  and  chlorine  did  not  react  even 
in  the  sunlight,  the  presence  of  a  littie  moisttu-e  resulted  in  the  formation 
of  a  yellow  liquid.  He  also  fotmd  that  ptu-e  hydrcxyanic  add  and  moist 
(dilorine,  when  the  latter  was  not  in  excess,  reacted  in  the  sunlight  to  give 
ammonium  chlcnide  and  the  yellow  liquid.  The  yellow  liquid  had  a 
sharp  and  irritating  odor,  was  insoluble  in  water,  but  soluble  in  alcohol. 

^  Published  by  pennission  of  the  Director  of  the  Chemical  Warfare  Service. 

•  Ann.  Mm,  phys.,  [i]  z,  35  (1789). 

*Ibid.,  [i]95i  200(1815). 

<  Ibid,,  [2]  35i  291,  337  (1827). 
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Water  slowly  decomposed  it,  giving  hydrochloric  add,  nitrogen,  carbbii 
dioxide  and  a  white  crystalline  solid  which  he  concluded  was  a  chloride 
of  carbon,  since  it  gave  chlorine  and  carbon  on  decomposition.  Prom 
these  facts  he  condnded  that  the  yellow  liquid  was  a  mixture  of  nitrogen 
chloride  and  carbon  tetrachloride  formed  by  the  action  of  chlorine  on 
cyanogen  chloride  in  the  sunlight  and  attributed  the  tmusual  stability 
of  the  nitrogen  chloride  (which  did  not  explode)  to  the  presence  of  the 
carbon  tetrachloride. 

In  1S47  Wurtz^  treated  a  dilute  solution  of  hydrocyanic  add  cooled 
to  o^  with  chlorine.  After  some  time  a  liquid  layer  formed  on  the  sur- 
face of  the  solution.  This  layer,  after  separation  and  washing  with  water, 
boiled  at  20^  and  its  vapors  btuned  with  a  violet  flame.  He  called  this 
liquid  "dilorohydrure  de  cyanogene"  and  gave  it  the  formula  2CNCI.HCN. 
When  cooled  and  treated  with  mercuric  oxide  to  remove  the  hydrocyanic 
add,  it  decomposed,  giving  cyanogen  dilcnide,  which  could  be  distilled 
through  caldtun  chl(»ide.  When  this  product  contained  any  excess 
hydrocyanic  add  and  chlorine  it  polymerized  to  cyamuyl  chloride  but 
would  not  change  if  entirdy  pure. 

Wurtz  det^mined  the  boiling  point  to  be  16^  and  the  mdting  point 
— 7*^  and  considered  it  a  liquid  isomer  of  the  gaseous  c}ranogen  chlmde. 
In  a  later  investigation*  he  found  the  boiling  point  to  be  15 . 5  °  and  mdt- 
ing point  — 5®  to  — 6^.  These  later  observations  were  confirmed  by 
Salet*  in  1865. 

An  investigation  carried  out  by  Naumann  and  Vogt*  in  1870  showed 
that  the  product  first  formed  when  chlorine  was  passed  into  the  solutions 
of  hydrocyanic  add  was  not  a  compound  of  cyanogen  chlcnide  and  hydro- 
cyanic add,  but  simply  a  mixture  of  these  two  substances  of  no  fixed 
proportions. 

In  1850  W5hler'  prepared  cyanogen  diloride  by  adding  a  slight  ex- 
cess of  mercuric  cyanide  to  a  saturated  solution  of  this  salt  in  water, 
and  passing  in  dilorine  until  the  solution  was  saturated  and  the  space 
above  the  liquid  was  filled  with  the  gas.  The  flask  was  then  dosed, 
placed  in  a  dark  room,  and  shaken  frequentiy  tmtil  all  the  cyanide  had 
dissolved  or  all  the  chlorine  had  been  used  up.  Any  excess  of  chl(»Jne 
was  removed  by  mercury.  The  cyanogen  chloride  was  then  distilled  off 
through  caldum  chloride  and  condensed  in  a  U-tube  surrounded  by  a 
freezing  mixture. 

In  1854,  Cahours  and  Cloez*  described  a  method  which  differed  from. 

1  Compt.  rend.,  24,  436  (1847);  Ann.,  64,  307  (1847). 

•  Jahresber.,  1851,  379. 

•  Compt.  rend.,  60,  535  (1865). 

•  Ann.,  X55,  170  (1870). 
» Ibid.,  73,  220  (1850). 

•  Campi.  rend.,  38,  354  (1854);  ^»».»  QO,  97  (1854). 
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the  W5hler  method  in  that  a  dilute  solution  of  mercuric  cyanide  was 
used  (loo  g.  in  4  liters  of  water)  and  the  chlorine  was  removed  frcxm  the 
product  by  passing  the  gas  through  a  tube  containing  copper  turnings. 

Langlcns,^  in  1861,  used  alkaline  cyanides  in  place  of  mercuric  cyanide 
but  found  that  the  action  of  chlorine  evolved  so  much  heat  that  the  tem- 
perature rose  to  85^  or  90^,  forming  ammoniacal  vapors  and  a  black  sub- 
stance. However,  by  cooling  the  cyanide  solution  with  ice  only  a  slight 
brown  coloration  appeared.  The  greater  part  of  the  cyanogen  chloride 
distilled  off  at  the  temperature  of  melting  ice,  but  some  remained  be- 
hind, forming,  according  to  the  author,  a  compoimd  with  the  potassium 
'diloride.  By  heating  in  a  water-bath  at  45^  to  50^  this  compound  was 
broken  down  and  the  cyanogen  chloride  was  distilled,  c^  through  a  tube 
containing  caldtun  chloride  and  copper  ttunings  and  condensed  in  a 
freezing  mixture. 

In  1866  Gautier*  described  a  method  for  preparing  each  of  the  supposed 
3  forms  of  cyanogen  chloride  (gaseous,  liquid  and  solid).  He  attempted 
to  explain  the  fact  that  the  gaseous  cyanogen  chloride  of  Serullas  and  the 
liquid  form  of  Wurtz  had  the  same  formula  by  assuming  the  former  was 
only  the  vapor  of  the  latter.  It  is  interesting  to  note  that  this  crude 
•explanation  found  its  way  into  one  of  the  text-books  on  chemistry.*  It 
was  characteristic  of  all  3  methods  that  the  chlorine  was  added  to  the 
-cyanide.  In  1895,  Hantzsch  and  Mai*  reversed  this  procediu-e.  To  a 
saturated  solution  of  chlorine  in  water  at  o*^,  potassium  cyanide  was  added 
until  the  chlorine  was  completely  used.  The  solution  was  then  resatiira- 
ted  with  chlorine  and  the  addition  of  potassium  cyanide  continued.  By 
^ways  keeping  the  chlorine  in  excess  the  authors  claimed  to  have  over- 
•come  the  tendency  of  the  reaction  mixtiure  to  turn  brown,  which  always 
liappens  when  chlorine  is  passed  through  a  solution  of  potassitun  cyanide, 
with  consequent  low  yield  of  cyanogen  chloride. 

The  most  recent  method  of  preparation  was  that  of  A.  Held.*  The 
author  claimed  that  the  addition  of  zinc  sulfate  to  a  solution  of  potassium 
•cyanide  made  the  solution  more  stable  tmder  the  action  of  chlorine. 
Chlorine  was  passed  into  a  solution  of  4  moles  of  potassitun  cyanide  and 
Vs  mole  of  oystalline  zinc  sulfate  in  8  liters  of  water  cooled  to  o*^,  until 
the  cyanide  was  used  up  and  the  white  zinc  cyanide  appeared  and  then 
just  disappeared.  The  cyanogen  chloride  was  not  distilled  from  the  solu- 
tion, but  a  100%  jddd  was  calculated  from  the  quantity  of  sodiiun  which 
the  cyanogen  chloride  replaced  in  an  organic  molecule  to  which  the  sodium 
^as  united,  such  as  sodium  acetoacetic  ^ter.         < 

^  Ann.  Mm.  pkys.,  [3I  ^h  481  (1861);  Jahr§sber.,  z86z»  345. 

'  BuU,  soc.  chim.,  5,  403  (1866);  Ann.,  141, 122  (1867). 

'  Roscoe  and  Schorlemmer,  i,  668  (1878  edition). 

<B«r.,  28,2471  (1895). 

■*  B11U.  soc.  chim.,  [3]  17,  287  (1897). 
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Grignard^  dauned  that  the  method  of  Held  will  3deld  only  25%  of  the 
theory  and  recommended  the  method  of  Dreschsel,*  which  is  a  modifica- 
tion of  the  Wohler  method.  In  this  method  chlorine  was  passed  into  a 
flask  V2  to  */s  full  of  water,  cooled  in  ice-water,  until  a  thick  mush  of 
chlorine  hydrate  was  formed.  The  amount  of  chlorine  added  was  de- 
termined by  weighing  the  flask  and  contents  before  and  after  the  addi- 
tion. Twice  this  weight  of  mercuric  cyanide  was  added,  the  flask  dosed, 
and  shaken  in  the  dark  until  all  the  cyanide  was  dissolved  and  the  solu- 
tion was  colorless.  The  cyanogen  chlcnide  formed  was  obtained  by  dis- 
tillation. Grignard  modified  the  above  procedure  by  adding  an  amount 
of  sodium  chlcnide  equal  to  the  wdgfat  of  chlorine  to  prevent  Hie  formation 
of  a  chlorocyanide.    The  time  of  the  operation  was  about  24  hours. 

SxperimentaL 

The  first  method  investigated  was  that  of  A.  Held,'  but  the  yidds, 
after  several  trials,  were  so  small  that  it  was  not  thought  desirable  to  ptuify 
the  product.  The  next  method  tried  was  that  of  Langlois.'  The  product 
was  ptu-er  than  that  obtained  in  the  method  of  Hdd,  but  the  3deld  was 
even  less,  so  this  method  also  was  abandoned. 

As  the  presence  of  water  seemed  to  have  a  marked  influence  in  causing 
the  blackening  it  was  dedded  to  try  the  action  of  chlorine  on  powdered 
cyanide  without  the  addition  of  water. 

Solid  Cyanide  with  Sand  Diluent — ^Fifty  g.  of  findy  grotmd  potassitun 
cyanide  (Baker  &  Adamson)  mixed  with  an  equal  bulk  of  mediumly 
fine  sand,  to  serve  as  a  heat-distributing  medium,  were  put  in  a  glass  tube 
of  3  cm.  diameter.  This  tube  was  about  40  cm.  long  and  surrotmded  by  a 
bath  at  a  temperature  of  — ^5**.  Chlorine,  washed  with  water,  was  intro- 
duced at  the  bottom  of  the  tube,  and  the  gas  issued  at  the  top  through 
a  tube  containing  copper  turnings  and  caldtun  diloride  and  was  condensed 
in  a  U-tube,  cooled  to  — 18**  to  — 19®. 

Dtuing  the  run  the  cyanide  in  a  portion  of  the  tube  which  was  visibly 
moist  turned  a  dark  brown,  but  that  which  was  seemingly  dry  did  not 
change  color.  No  product  distilled  over  until  the  bath  sturounding 
the  sand-cyanide  mixture  had  reached  a  temperature  of  about  +2**  or 
+3**.  The  final  temperature  of  the  bath,  2.5  hours  after  starting,  was 
+9^.  28  g.  of  a  yellow  colored  liquid  was  obtained,  which  is  equivalent 
to  a  yidd  of  50%.  A  repetition  of  this  experiment  tmder  exactly  the 
same  conditions  except  that  the  surrounding  bath  was  not  allowed  to  rise 
above  +3*^  gave  an  80%  yidd.  Subsequent  experiments  under  appar- 
ently the  same  conditions,  gave  variable  results,  in  two  cases  the  yidds 
being  88%  and  93%,  respectivdy,  and  in  others  as  low  as  10%. 

»  Ann.  chm„  [9I  4i  40  (1915). 

<  /.  prakt.  Chem.,  [2]  8, 328  (1874}. 

« Loc,  cU. 
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It  seemed  probable  that  variations  in  moisture  and  temperattu-e  in- 
fluenced the  yield.  Experiments  were  made  to  determine  the  effects 
of  a  maximtun  and  a  minimiim  amount  of  water.  50  g.  of  cyanide  trit- 
urated with  an  equal  weight  of  water  was  treated  in  a  500  cc.  flask  with 
a  current  of  chlorine,  the  contents  of  the  flask  being  cooled  in  a  bath  at 
— 5^  and  constantly  stirred.  The  mixture  turned  dark  almost  at  once 
upon  the  entrance  of  chlorine,  which  was  passed  through  the  mixttu-e  for 
two  hours  when  there  appeared  to  be  no  more  liquid  collecting  in  the  re- 
ceiver. The  flask  was  then  heated  in  a  bath  at  45°  to  distil  over  any 
cyanogen  chloride  remaining.  There  was  obtained  11.5  g.  correspond- 
ing to  a  yield  of  20.7%  of  a  yellow  product,  somewhat  tiu^bid  from  the 
presence  of  cyantuyl  chloride  formed  by  polymerization.  The  behavior 
of  the  reaction  was  quite  similar  to  tliat  of  the  Langlois  method  and  the 
yield  was  unsatisfactory. 

In  the  next  experiment  the  cyanide  was  carefully  dried  at  120"^,  finely 
powdered  and  mixed  with  an  equal  btilk  of  sand  previously  dried.  This 
was  treated  with  chlorine,  dried  by  bubbling  through  sulfuric  add,  for 
two  hours,  in  the  same  apparatus  and  tmder  the  same  conditions  as  pre- 
viously described  for  the  sand-cyanide  mixture.  No  product  was  ob- 
tained which  proved  that  some  moisture  was  essential  for  the  success 
d  the  reaction.  Any  excess  of  moisture,  however,  speeded  up  the  reac- 
tion to  such  an  extent  as  to  cause  local  heating  wHh  consequent  decom- 
position, formation  of  azulmic  substances,  and  diminished  yield.  The 
best  results  were  obtained  with  about  2%  moisture.  In  all  the  experi- 
ments with  the  cyanide-sand  mixture  examination  of  the  solid  residue 
after  the  reaction  showed  that  there  were  numerous  scattered  areas  of  de- 
oomposttion,  undoubtedly  due  to  local  superheating  and  excess  moisture, 
the  sand  particles  not  being  able  to  distribute  this  heat  rapidly  enough. 
The  excess  temperature  in  the  zone  of  reaction  drove  out  the  moisture 
from  some  areas  and  deposited  it  in  the  cooler  portions  where  it  accumula- 
ted and  led  to  azulmic  formation  and  lessened  yield. 

It  seemed  desirable  to  find  a  diluent  that  would  dissipate  the  excessive 
heat  of  the  reaction  as  fast  as  formed.  Carbon  tetrachlmde  proved  to  be 
the  most  effective  agent  for  this  purpose. 

Solid  Cymnide  witii  Carbon  Tetrachloride  Dfloent— The  procedure 
finally  adi^ted  was  as  fdlows:  50  g.  (i  mole)  of  Merck's  sodium  cyanide 
fused  in  lumps,  purity  9^-99%.  was  findy  pulverized  and  one  g.  (2%)  of 
water  was  added  and  thoroughly  mixed  with  the  cyanide.  This  mixture 
was  put  in  a  250  cc.  filter  flask  together  with  75  cc.  of  carbon  tetrachloride^ 
just  enough  to  prevent  the  mass  becoming  pasty,  and  cooled  to  — 5^  by 
an  outside  bath  of  ice  and  salt  at  — 10^.  Chlorine,  bubbled  through  water,, 
was  run  into  the  mixture  as  rapidly  as  possible  with  constant  shaking  of 
the  flask  so  that  the  temperature  of  the  reacting  mass  was  held  between 
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the  limits  of  — ^5**  and  o*^,  for  the  most  part  actually  at  — ^3**.  The  time 
reqtiired  for  the  complete  absorption  of  chlorine  under  these  conditions 
was  about  4.5  hours.  The  reacting  materials  asstuned  a  flesh  color 
shortly  after  the  entrance  of  the  chlorine.  This  color  did  not  change 
until  nearly  the  end  of  the  Chlorine  absorption,  when  it  became  slightly 
darker,  due  to  small  amounts  of  the  material  spattering  up  out  of  the  cooled 
zone  and  thereby  undergoing  decomposition.  The  reaction  flask  was 
connected  by  a  calcium  chloride  drying  tube  filled  with  fused  calcium 
chloride  to  a  U-tube  immersed  in  a  freezing  mixture.  The  receiver  was 
connected  to  a  water  bubbler  through  another  chloride  of  caldtun  dr3ring 
tube.  When  the  chlorine  absorption  was  complete,  indicated  by  gas 
passing  through  the  bubbler  on  the  end  of  the  absorption  tube,  the  tem- 
perature in  the  reacting  flask  was  allowed  to  rise  to  about  + 10*^,  at  which 
point  the  cyanogen  chloride  began  to  distil.  The  distillation  was  con- 
tinued with  gradual  rise  of  temperature  and  was  completed  by  surround- 
ing the  flask  with  a  warm  bath.  The  heating  was  discontinued  when  the 
temperattu-e  inside  the  flask  reached  28^.  During  the  distillation  a  slow 
current  of  chlorine  was  passed  through  the  apparatus.  The  cyanogen 
chloride  obtained  was  slightly  yellow  in  color  and  weighed  60  g.,  corre- 
sponding to  a  yield  of  98%  based  on  49  g.  of  pure  sodium  cyanide. 

The  carbon  tetrachloride  used  as  a  dfluent  was  distilled  off  on  the  steam 
bath  and  measured  77  cc.  It  was  colored  slightly  ydlow  and  was  some- 
what ttu-bid  from  the  small  amount  of  water  that  distilled  over  with  it. 
This  amotmt  was  practically  quantitative  for  the  carbon  tetrachloride 
and  water  originally  added.  It  had  a  strong  odor  of  c}ranogen  dbionde 
and  upon  standing  some  time  deposited  a  small  amount  of  cyanur3rl 
chloride.  The  residue  of  sodium  chloride,  left  after  the  removal  of  the 
carbon  tetrachloride,  was  an  almost  white  powder  and  had  the  appear- 
ance of  the  original  powdered  cyanide.  It  weighed  60.5  g.,  showing 
that  all  the  sodium  cyanide  had  been  transfcnmed  into  sodium  dfloride. 
Its  aqueous  solution  gave  a  slightly  alkaline  reaction  and  only  a  faint 
test  for  cyanide.  These  results  show  that  the  reaction  was  practically 
quantitative.  An  experiment  run  at  a  somewhat  higher  temperature 
(+5°)  did  not  give  as  satisfactory  a  yield. 

One  experiment  showed  that  the  process  can  be  carried  on  without  any 
diluent  provided  the  temperature  is  kept  low  enough  and  the  chlorine 
is  supplied  only  as  fast  as  required.  The  method  used  was  to  expose  the 
finely  pulverized  sodiimi  cyanide  containing  2%  moisture  in  a  closed 
chamber  surrounded  by  a  refrigerating  atmosphere  at  a  temperature  of 
-^18**.  The  chamber  was  connected  with  a  reservoir  of  chlorine  under 
pressure.  After  16  hours  of  contact  the  cyanide  had  taken  on  the  ap- 
pearance of  brown  sugar  and  the  reaction  appeared  to  be  complete.  The 
cyanogen  chloride  formed  was  distilled  off  in  the  usual  manner,  giving  a 
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3rield  of  85%.  The  smaller  3rield  and  greater  amount  of  decomposition 
which  was  apparent;  showed  that  this  method  does  not  permit  of  such 
perfect  control  as  when  carbon  tetrachloride  is  used  as  a  diluent.  The 
cyanogen  chloride  may  be  freed  from  any  dissolved  chlorine  by  solidifying 
it  and  sweeping  out  the  chlorine  by  a  slow  current  of  dry  air  or  by  letting 
it  stand  in  a  sealed  tube  over  mercury  and  subsequent  distillation.  Thus 
purified,  it  formed  a  colorless  liquid  boiling  at  13°  at  748  mm.  pressture 
(thermometer  bulb  immersed  in  the  liquid)  and  solidifying  at  — 5*^  to 
— 6°.  Regnault^  gave  the  boiling  point  as  +12.66*^  and  the  melting 
point  as  — 74°.  Two  vapor-density  determinations  by  the  Victor 
Meyer  method  gave  a  molecular  weight  of  63.6  and  63.8,  results  which 
were  only  slightly  higher  than  the  theoretical  (61 .5). 

When  pure  the  cyanogen  chloride  does  not  polymerize;  the  impure 
products,  however,  show  a  varying  degree  of  polymerization,  depending 
upon  the  conditions.  This  is  especially  marked  in  the  presence  of  small 
amotmts  of  hydrochloric  acid,  traces  of  which  are  apt  to  be  formed  by 
the  action  of  the  chlorine  on  organic  impurities  accidentally  present. 
Whenever  such  traces  of  hydrodiloric  add  are  suspected  they  should  be 
removed  by  lime  or  other  alkaline  agent,  as  they  very  rapidly  polymerize 
the  cyanogen  chloride  to  cyanuryl  chloride  as  explained  by  Chattaway 
and  Wadmore.*  In  the  literatiu-e*  the  statement  is  made  that  great 
care  must  be  exercised  when  preparing  cyanogen  chloride  as  explosions 
frequently  occur.  This  idea  seems  to  have  originated  from  a  brief  note 
of  Wdth,*  who  stated  that  he  had  often  observed  explosions  of  extreme 
violence  when  passing  chlorine  into  solutions  of  mercuric  cyanide,  he  had 
never  observed  them,  however,  when  preparing  cyanogen  chloride  by  the 
action  of  chlorine  on  hydrocyanic  add.  In  this  connection  attention 
should  again  be  called  to  the  statement  of  Serullas  already  referred  to  in 
the  introduction,  that  by  the  action  of  moist  chlorine  on  an  excess  of  pure 
hydrocyanic  add  in  the  sunlight  he  had  obtained  ammonium  chloride 
and  a  yellow  liquid,  which  behaved  towards  water  in  such  a  way  as  to 
lead  him  to  condude  the  ydlow  liquid  was  a  mixture  of  nitrogen  chloride 
and  carbon  tetrachloride,  although  the  nitrogen  chloride  seemed  to  be 
non -explosive. 

Because  of  these  statements,  it  seemed  desirable  to  investigate  the  , 
cyanogen  chloride  prepared  from  solid  sodium  cyanide  as  to  the  possi- 
bility of  its  containing  an)rthing  of  an  explosive  nature.    Ten  cc.  of  a  pure 
sample  was  cooled  nearly  to  the  freezing  point  and  treated  with  pure  dry 
chlorine.    The  colorless  cyanogen  chloride  immediately  turned  yellow  and 

*  J  hresber.,  1863,  70  and  74. 

*  J.  Chem.  Soc„  81,  194  (1902). 

*  Roscoe  and  Schorlemmer,  1905,  Vol.  i,  829. 

*  Ber.,  7,  1745  (1874). 
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the  freezing  point  was  lowered  to  such  an  extent  that  the  substance  could 
be  cooled  to  — 18  ^^  without  soUdif3ang.  After  saturation  at  — 18*^  the  solu- 
tion was  allowed  to  warm  to  — 10**  when  boiling  b^;an,  evidently  due  to 
the  escape  of  the  excess  chlorine.  5  cc.  of  the  material  thus  saturated 
with  chlorine  at  — 10*^  was  treated  with  a  current  of  pure  anhydrous 
hydrogen  chloride  at  — 5  ^  and  allowed  to  stand  in  a  sealed  tube  for  several 
days  when  polymerization  to  cyanuryl  chl(»ide  was  practically  compl^« 
except  for  a  few  drops  of  a  viscous  yellow  liquid  which  resisted  further 
polymerization  even  upon  several  week's  standing.  Conaderable  pressure 
was  found  on  opening  the  tube,  owing  to  the  chlorine  and  hydrogen 
chloride  liberated  when  the  cyanogen  chloride  solvent  was  converted  to 
the  solid  polymer.  The  few  drops  of  viscous  oily  liquid  were  unaffected 
by  a  drop  of  turpentine  and  there  was  no  evidence  of  nitrogen  chloride 
or  other  explosive. 

In  another  experiment,  5  cc.  of  piu-e  cyanogen  chloride  saturated  at 
— 5°  with  chlorine  was  exposed  in  a  sealed  tube  to  direct  sunlight  fcM*  4 
days  with  apparently  no  change.  The  tube,  when  cocked,  and  opened 
showed  no  pressure.  The  contents  was  then  saturated  with  pure  dry 
hydrogen  chloride  as  above.  Polymerization  appeared  to  be  annplete 
after  several  days.  There  was  sUghtly  more  unpolymerized  liquid  and  it 
was  of  a  less  viscous  nature  than  in  the  first  experiment,  but  there  were 
no  evidences  of  an  explosive  compound.  The  fact  that  it  polymerized 
almost  completely  removes  the  possibility  of  any  secondary  effect  of  sun- 
light. 

In  a  third  experiment  5  cc.  of  pure  cyanogen  chloride,  without  previous 
addition  of  chlorine,  after  saturation  at  — 10°  with  pure  dry  hydrogen 
chloride  for  Vshour,  was  sealed  in  a  tube.  Polymerization  began  alnM>st 
immediately  and  was  complete  in  about  a  day.  In  this  case  no  oily  liquid 
was  noticeable  and  there  was  no  formation  of  a  yellow  color. 

The  results  of  this  investigation  seem  to  show  that  the  method  of  pre- 
paring cyanogen  chloride  by  the  action  of  chlorine  on  solid  cyanide  at 
low  temperature  and  in  the  presence  of  slight  amoimts  of  moisture,  not 
over  2%,  is  superior  to  other  methods  in  ease  of  manipulation,  quantita- 
tive yields  and  purity  of  product.  It  may  also  be  concluded  that  in  the 
preparation  of  cyanogen  chloride  by  this  method  nothing  of  an  explosive 
nature  is  formed.  The  yellow  color  of  the  impure  product  is  due  probably 
to  a  solution  of  chlorine  in  the  cyanogen  chloride,  which  greatly  lowers 
the  freezing  point  and  the  oily  liquid  formed  after  polymerizing  the  un- 
purified  product  may  be  a  lower  polymer  like  the  cyanuryl  chloride. 
.  Credit  is  due  to  Dr.  Farrington  Daniels  for  his  assistance  in  some  por- 
tions of  the  work. 

WORCRSTRR,    MaSSACHIISRTTS, 
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STUDIES  IN  THE  CYCLOPROPANE  SERIES.   VI. 

By  E.  p.  KoHtER  AND  W.  N.  Jones. 

ReceiTed  Mmy  17,  1919. 

In  the  last  paper  of  this  series^  the  properties  of  a  cyclopropane  ketonic 
add  were  compared  with  those  of  a  dosdy  related  cyclopropane  diadd. 
We  now  present  the  facts  obtained  while  stud3dng  the  corresponding 
diketone.  The  relation  between  these  substances  is  shown  by  the  follow- 
ing  formulas: 

C«H*CH  —  CHCOOH  CJI»CH  —  CHCX)Cai»  CJIiCH  —  CHCOC.H1 

\/  \/  \/ 

CHCOOH  CHCOOH  CHCOCm* 

The  diketone  was  obtained  by  brominating  benzylidene  diacetophenone 
and  eliminating  hydrogen  bromide  from  the  product  This  reaction 
might  give  one  of  three  substances  depending  on  the  way  in  which  hydro- 
gen bromide  is  eliminated:    I.  A  cyclopropane  derivative  if  the  hydrogen 

CiHiCH  — CHCOCiH. 

and    bromine    come    from    the    ct-7    positions.  \  / 

CHCOCH* 

II.  An  ethylenic  compound  if  they  are  removed  from  adjoining  atoms» 
CiH*C  -  CHCOCtHi 

I  •     III.  A  dihydrofurane  derivative  if  the  elimination 

CHtCOCJI*  CeH^CH  — CHCOCJI* 

is  from  an  enolic  modification,  yO         .    Our  substance  f<nins 

CH-CCai» 
a  dioodme,  therefore  it  is  not  the  furane  derivative.    With  hydrogen 
bromide  in  glacial  acetic  add  it  gives  a  bromofurane  which  has  a  diain 
dififerent  from  that  of  the  ethylenic  diketone»  and  which  could  be  formed 
only  from  the  cydoprppane  derivative 

CiHiCH  —  CHCOCiHi  fCJIfCHBr  —  CHCOCH.  1 

\/  +HBr-  I  -^ 

CHCOCfHi  L  CH,COCfH,J 

CfHiCHBr  —  C  »  CCiH« 


> 


+  H,0 
HC  -  CCH, 
The  cydopropane  derivative  may  also  be  made  by  introducing  two 
bromine  atoms  into  benzylidene  diacetophenone  and  digesting  the  prod- 
uct with  potassium  iodide. 

CeH^CHCHBrCOCH*  C«H»CH  —  CHCOCtH. 

I  -f-  2KI  -  \  /  -h  2KBr  +  I,. 

.  CHBrCOCJI*  CHCOCJIi 

This  method  is  somewhat  more  laborious  than  the  former,  but  admira- 
^  Tbxs  Journal,  41, 1093  (1919)' 
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bly  shows  the  ease  with  which  the  ring  is  closed.    The  product  is  stereo- 
isomeric  with  that  obtained  from  the  monobromo  compound. 

Phenyldibenzoyl-cydopropane  is  a  1,4-diketone  as  well  as  a  cyclopro- 
pane derivative.  It  gives  a  dioxime  with  hydroxylamine  and  ditertiary 
alcohols  with  organic  magnesium  compounds,  but  does  not  show  the  ten- 
dency to  form  fturane  derivatives  which  is  characteristic  of  1,4-diketones. 
Its  most  conspicuous  chemical  property  is  that  of  combining  with  most 
of  the  substances  which  can  be  added  to  a,p  unsaturated  ketones.  With 
nascent  hydrogen,  hydrobromic  add,  free  bromine  and  phosphorus  penta- 
chloride  it  gives  products  similar  to  those  obtained  from  ethylenic  com- 
potmds.  It  does  not,  however,  reduce  permanganate  or  give  1,4  addi- 
tion products  with  organic  magnesium  compotmds. 

The  substance  combines  with  hydrogen  more  readily  than  any  other 
cydopropane  derivative  that  we  have  studied.    Half  an  hour's  boiling 
with  alcohol  and  zinc  dust  suffices  to  reduce  it  oompletdy  to  benzylidene 
diacetophenone,  the  ring  opening  at  the  point  at  whidi  it  had  been  dosed. 
CJIfCH  —  CHCOCtJIi  CACHCHiCOCJI* 

\/  +2H-  I 

CHCOC«H,  CH«COCai» 

The  cydopropane  derivative  does  not,  like  the  corresponding  ketonic 
add,  combine  with  halogen  adds  in  alcoholic  solution.  In  glacial  acetic 
add,  however,  it  combines  rapidly  with  hydrobromic  add.  The  ring  is 
opened  between  carbon  atoms  2  and  3,  and  the  addition  product  imme- 
diatdy  loses  water,  thus  forming  a  furane  derivative. 

CJI»CHCHCOCeHi  C|H»CHBrC»— *CCai» 

CHCOC^H,  /^     ■*"  ^»^- 

The  resulting  furane  derivative,  like  most  of  the  addition  products 
obtained  in  this  work,  is  only  remotdy  related  to  known  substances, 
hence  a  number  of  transformations  were  necessary  to  detennine  its  struc- 
ture. This  was  finally  established  by  rdating  it  to  1,5-diphenyl  furane. 
The  succes^ve  steps  are  shown  by  the  following  formulas: 
C«H.CHBrC  =  CCai«  C«H»CHC  =  CCfH,  CeH^CHOHC  =— CCiHi 

I   >-      I  •> 

CH  =  CCai»  CHn=CCA 

:»— ccoii        cHiNHcoc— =ccai, 

>^     I  > 


CH« 

»CCJI, 

1 

CHiCOO 

C«H,COC« 

> 

CACC 

->          II 
HON 

CH  =  CCOIi  CH  =CCai»  CH  — CCH, 

HOiCC  =  CC«H»  CH  =  CCOIi 


CH  «=  CCfH,  CH  —  ccja* 
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The  cyclopropane  derivative  acts  smoothly  with  phosphorus  penta- 
chloride  under  the  conditions  that  have  been  found  most  favorable  for 
the  corresponding  reaction  with  unsaturated  ketones.  The  products 
to  be  anticipated  are  represented  by  the  following  formulas,  of  which  the 
first  represents  the  compotmd  that  would  be  expected  if  the  ring  is  not  in- 
volved, and  the  others  the  substances  that  might  be  formed  by  a  reac- 
tion like  that  which  Straus^  obtained  with  benzal-acetophenone. 

C«HiCH— CHCOC«H,         C«H»CHaCHCH = CClCeHs  CHsCHC  =  CC1C«H. 

(I).  \/  (II).  I  (III).  I 

CHCCl,Cai»  C0C«H6  CHClCOCOIi 

Only  one  product  was  obtained.  For  this  the  first  formula  could  be 
discarded  at  once,  for  the  substance  has  nothing  in  common  with  keto- 
chlorides  of  this  type;  it  is  not  affected  by  water  nor  by  prolonged  boiling 
with  alcohol. 

Each  of  the  remaining  formulas  represents  a  dichloro  compound,  con- 
taining one  active,  and  one  inactive  chlorine.  In  agreement  with  this 
the  substance  readily  loses  one  molecule  of  hydrogen  chloride  when  boiled 
with  excess  of  potassium  acetate.  The  possible  formulas  for  the  new  sub- 
stances are, 

(IV).  coiiCH  =  ccH  -  caCeH,         (v).  CAC  —  c  -  cac«H, 

I  and  II 

cxk:iH,  chcoc«h, 

It  is  not  at  all  easy  to  distinguish  between  these  two  formulas.  Bach 
of  them  represents  an  a,^-unsaturated  ketone,  a  halogen  compotmd  with 
an  unreactive  halogen,  and  a  butadiene  derivative  which  on  oxidation  with 
permanganate  wotdd  in  all  probability  give  only  potassium  benzoate  and 
potassium  chloride.  As  the  most  promising  way  out  of  the  difficulty 
we  decided  to  treat  the  substance  with  phenyl  magnesium  bromide.  A 
reaction  between  an  unsaturated  ketone  sucb  as  is  represented  by  For- 
mula IV,  and  any  organic  magnesium  compound  diould  consist  in  1,4 
addition  to  the  conjugated  sjrstem,  the  final  product  being  a  more  satura- 
ted ketone.  The  ketone  represented  by  Formula  V,  on  the  other  hand 
should  give  a  tertiary  alcohol  because  the  two  substituents  in  the  j3  posi- 
tion hinder  1,4  addition  to  the  conjugated  system.  The  substance  in 
question  gave  an  excellent  yield  of  ketone.  The  cyclopropane  deriva- 
tive therefore  reacts  with  phosphorus  pentachloride  exactiy  like  an  a,p 
tmsaturated  ketone,  the  ring  tiddng  the  place  of  an  ethylene  linkage. 
C«H,CH  —  CHCOCOIs  CJI»CHaCHCH  -  CQCH. 

\/  -hPCU-  I  -l-POCU. 

CHCX)Crffs  COC«H» 

The  product  obtained  by  adding  bromine  to  the  cyclopropane  derivative 
presented  the  most  difficult  problem  of  all  and  we  have  not  as  yet  found 
a  completely  satisfactory  solution.    The  only  possible  formulas  are: 
« Ann.,  394,  290  (1912). 
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CHtCHCHBrCOCA  CJIiCHBrCHCOCHi 

I  I 

CHBrCOCH*  CHBrCOCH* 

The  first  represents  the  dibromo  compound  used  in  one  of  the  methods 

of  preparation  of  the  cyclopropane  derivative.    With  potassium  acetate 

it  gives  either  a  bromocydopropane  derivative  or  the  corresponding 

acetate,  depending  upon  the  amount  of  acetate  used. 

C«H»CHCHBrCOC«H,  C«H»CH— CHCOC«Hi  C«H,CH  —  CHCOC«H, 

I  -^  \/  -^  \/ 

CHBrCOCeHft  CBrCOCtHi  CH,CO  —  OCCOC«Hi 

The  new  dibromo  compound  gives  the  same  cyclopropane  derivative 
with  potassium  iodide  or  zinc»  and  as  it  also  gives  the  same  products  with 
potassitun  acetate  the  two  substances  therefore  may  be  stereoisomers.  On 
the  other  hand  a  substance  such  as  is  represented  by  Formula  II  could 
very  well  give  the  same  products,  and  as  we  never  obtained  both  sub- 
stances in  the  same  reaction,  nor  were  able  to  transform  either  into  the 
other,  stereoisomerism  seems  improbable. 

The  bromo  compotmd  obtained  by  the  action  of  potassitun  acetate 
on  the  dibromide  is  one  of  the  very  few  known  cyclopropane  derivatives 
which  have  bromine  in  combination  with  a  carbon  atom  of  the  ring.  All 
efforts  to  remove  another  molecule  of  hydrogen  bromide  and  thus  get  a 
cydopropene  derivative  were  unsuccessful.  The  bromine  is  easily  re- 
placeable, but  it  is  not  possible  to  get  the  corre^ondix^^  hydroxyl  com- 
pound dther  by  hydrolysis  of  the  bromine  derivative  with  bases  or  the 
corresponding  acetate  with  adds. 

Evidently  the  hydroxyl  compound  rapidly  undergoes  a  rearrangement 
similar  to  that  which  has  balked  all  previous  attempts  to  get  hydxQxy 
cydopropanes.  With  alkalies  the  bromo  compound  gave  only  yellow 
oOs,  whidi  appeared  to  be  diketcmes,  while  hydrolysis  of  the  acetate  with 
alcoholic  hydrochloric  add  gave  a  furane  derivative. 

CeHiCH  —  CHCOCeH,  C^IiCHCHiCOCOIf  CH— CCiHi 

\/  -^  I  -^ 

C(OH)COCaii  COCX^CiHi 

C«H»C  =  C — COCaH, 
Experimental  Part. 

The  benzal-diacetophenone  with  which  we  started  was  made  accord- 
ing to  the  directions  given  by  Kostanecki.^  The  average  yidd  of  pure 
product  was  50%.  The  diketone  reacts  with  bromine  a  little  above  the 
ordinary  temperatmre,  giving  dther  a  monobromo  or  a  dibromo  substi- 
tution product.  The  result  depends  largdy  upon  the  amount  of  bromine 
used;  but  both  of  the  bromine  compounds  are  sensitive  substances  which 
in  contact  with  solutions  containing  hydrobromic  add  change  into  un- 
crystallizable  gums  that  materially  decrease  the  yidd. 
1  Ber.,  29, 1493  (1894)- 
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a,7»<-Ttiphen34-/^bromo-pentanedioBe-a|€y :  C«H6COCHBrCH(C6H6)- 
CHsCCX^«Hs. — ^To  a  warm  solution  of  50  g.  of  benzaldiacetophenone  in 
50  cc,  of  chlorofonn,  8.3  cc.  of  bromine  was  added  while  the  flask  was 
cooled  with  tap  water.  The  chloroform  was  immediately  evaporated 
imder  reduced  pressure,  great  care  being  taken  to  avoid  heating  tiie  resi- 
due. The  greenish  yellow  paste  that  remained  was  dissolved  in  boiling 
alcohol  and  deposited  a  colorless  solid,  which  was  purified  by  recrystalliza- 
tion  from  the  same  solvent.  The  yield  of  pure  product  was  46%. 
Calc.  for  CitHitBrOs:  Br,  19.6.    Found:  19.7. 

The  monobromo  compound  melts  with  decomposition  at  131**.  It  is 
almost  insoluble  in  ether  and  ligroin,  moderately  in  boiling  alcohol  and 
benzene,  and  very  soluble  in  chloroform. 

ayT,€-Triphen]^-/3,£-difaromo-pentanedione-a,€,  CsHBCOCHBrCCeHs)- 
CHBrCOCeEU. — ^The  dibromo  compound  was  made  exactly  like  the  mono- 
bromo compound  except  that  twice  as  much  bromine  was  used  with  the 
same  amount  of  ketone.  The  solvent  was  allowed  to  evaporate  spon- 
taneously and  the  residue  recrystallized  from  alcohol. 

The  yield  of  pure  product  was  69%.  Since  some  of  •  this  substance 
is  formed  whenever  the  diketone  is  brominated  it  was  f otmd  advantageous 
to  combine  the  preparation  of  the  mono-  and  dibromo  compounds.  For 
this  purpose  8  cc.  of  bromine  wgs  added  gradually  to  a  solution  of  50  g. 
of  the  diketone  in  50  cc.  of  chloroform.  The  cooled  solution  was  inocula- 
ted with  the  monobromo  compotmd  and  allowed  to  stand  for  several 
hours,  during  which  time  the  mono  derivative  separated.  This  was  fil- 
tered off  and  the  filtrate  treated  with  2  cc.  of  bromine.  The  dibromo 
compound  crystallized  from  the  solution.  The  yield  by  this  method 
^'^as  47.5  g.  of  mono-  and  12.5  g.  of  dibromo  derivative.  The  dibromo 
compound  melts  with  decomposition  at  149^.  It  is  very  sparingly  solu- 
ble in  ether  and  ligroin,  moderately  in  boiling  alcohol,  readily  in  benzene 
and  chloroform. 

Calc.  for  C»Hi»Oj.Bri:  Br,  32.8.    Found:  32.9. 

Zya-Dibenzoyl-a-phenyl-cyclopropaney  C«HiCH  —  chcoc«h». — ^a  num- 

CHCOQH* 
ber  of  reagents  eliminated  hydrogen  bromide  from  the  monobromo  com- 
pound; as  all  of  them  gave  the  same  product  and  since  this  was  insensi- 
tive to  alkalies,  we  generally  used  soditun  ethylate.  A  solution  of  i .  75  g. 
of  sodium  in  50  cc.  of  alcohol  was  added  to  a  boiling  solution  of  25  g.  of 
the  monobromo  compound  in  300  cc.  of  the  same  solvent.  The  reaction 
went  to  completion  without  further-  heating.  The  solution  deposited 
18  g.  of  crystalline  product  which  gave  15  g.  of  pure  cyclopropane  deriva- 
tive after  reoystallization  from  alcohol — a  yield  of  75%. 

Calc.  for  CnHitOi:  C,  84.6;  H,  5.6.    Found:  C,  84.2;  H,  6.0. 
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The  cyclopropane  derivative  crystallizes  in  needles  and  melts  at  ii6^. 
It  is  slightly  soluble  in  ether,  moderately  soluble  in  boiling  alcohol,  cold 
benzene  and  chloroform.  Its  scdutions  in  acetone  reduce  permanganate 
only  on  long  standing. 

An  isomeric  cyclopropane  derivathre  was  obtained  by  eliminating  bro- 
mine from  the  dibromo  compound.  A  sdution  of  three  g.  each  of  the 
dibromo  compound  and  potassium  iodide  in  150  cc.  of  alcohol  was  heated 
on  a  steam  bath  for  4  hours.  The  liquid,  which  had  turned  brown  after  a 
few  minutes*  boiling,  was  then  cooled  and  freed  from  iodine  by  shaking 
with  thiosulfate.  On  evaporation  it  deposited  a  yellow  solid  which  be- 
came colorless  when  reaystallized  from  alcohol.  The  melting  point  of  the 
pure  compound  was  151  ^.  The  same  substance  was  obtained  by  boiling 
an  alcoholic  solution  of  the  dibromo  compound  with  zinc  dust  for  25  min- 
utes, but  it  was  impossible  to  remove  all  of  the  bromine  without  reducing 
some  of  the  cyclopropane  derivative.  The  yield  therefore  was  small. 
Calc.  for  CsaHiiOi:  C,  84.6;  H,  5.6.    Found:  C,  84.2;  H,  5.6. 

The  substance  is  slightly  soluble  in  ether,  moderatdy  in  boiling  alco- 
hol, readily  in  benzene  and  chloroform.  When  reaystallized  from  alco- 
hol containing  1%  soditun  hydroxide  it  passes  quantitatively  into  the 
isomer  which  melts  at  116^. 

The  Monozime. — ^The  two  isomeric  cylcopropane  diketones  give  the 
same  mono-  and  dioxime.  For  preparing  the  monoxime  a  solution  of  2.7 
g.  of  sodium  hydroxide  in  5  cc  of  water  was  added  to  a  solution  of  5  g. 
of  the  cyclopropane  derivative  and  i.i  g.  of  hydroxylamine  hydrochloride 
in  100  cc.  of  alcohol.  The  mixture  was  boiled  for  three  hours,  then  neu- 
tralized with  hydrochloric  add.  On  cooling,  it  deposited  white  crystals 
which  after  one  recrystallization  from  alcohol  melted  sharply  at  144^. 
The  )neld  was  82%. 

Calc.  for  CiiHitOi:  C,  80.9;  H,  5.6.    Pound:  C,  80.7;  H,  5.3. 

The  monoxime  is  sparingly  soluble  in  ligroin  and  ether,  more  readily  in 
boiling  alcohol,  benzene  and  choroform. 

The  Di-oxime. — ^The  di-oxime  was  made  like  the  monoxime  but  more 
than  twice  the  amount  of  hydroxylamine  hydrochloride  and  potassium 
hydroxide  were  used  for  the  same  quantity  of  cyclopropane  derivative. 
The  product  was  purified  by  recrystallization  from  alcohol.  The  yield 
of  pure  product  was  71%. 

Calc.  for  CtiHtoNtOt:  C,  775;  H,  5.7;  N,  7.9.    Pound:  C,  77-9;  H,  6.0;  N,  7.7. 

The  di-oxime  crystallizes  in  needles,  and  melts  at  175^.  It  is  sparingly 
soluble  in  organic  solvents  except  benzene,  chloroform,  and  boiling  alco- 
hol. 

Reduction  of  iia-Dibenzoyl-a-phenyl-cylopropane. — In  the  first  ex- 
periment the  substance  was  boiled  with  excess  of  zinc  dust  in  80%  acetic 
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add.  The  sole  product  was  triphenyl-cydopentane  diol,  mdting  at  147®. 
This  result  showed  that  the  cydopropane  ring  had  been  opened  between 
the  benzoyl  groups  and  a  new  ring  dosed,  but  did  not  establish  the  order 
of  these  events.  The  experiment  was  therefore  repeated  without  the  use 
of  add.  A  solution  of  2  g.  of  the  substance  in  60  cc.  of  85%  alcohol  was 
boiled  with  excess  of  zinc  dust  for  an  hour.  The  solution  was  then  fil- 
tered and  poured  into  water.  This  predpitated  an  oil  whidi  soon  solidi- 
fied. After  recrystallization  from  alcohol  the  solid  mdted  at  85**,  and  a 
mixed  mdting  point  showed  that  it  was  benzal-diacetophenone. 

Reaction  with  Halogen  Adds. — ^In  alcoholic  solution  the  cydopropane 
derivative  is  not  attadced  dther  by  hydrochloric  or  hydrobromic  add.  In 
glacial  acetic  add,  hydrobromic  add,  in  the  cold,  forms  a  furane  deriva- 
tive whidi  has  bromine  in  a  side  chain.  Since  the  cydopropane  deriva- 
tive is  not  affected  by  boiling  with  glacial  acetic  add  alone  it  is  evident 
that  the  first  step  consists  in  additidn  of  hydrobromic  add  and  that  the 
resulting  product,  as  is  usual  in  the  case  of  1,4-diketones,  subsequently 
loses  water  and  forms  the  furane  derivative. 

2,5-I>iphenyl-4-(a-faromobenzyi)-f uranci  CJiiCHBr — c = c — C«H».— 

I     > 

CH  — C  — CeH, 

A  scdution  of  5  g.  of  the  cydopropane  derivative  in  50  oc.  of  glacial  acetic 
add  was  saturated  with  hydrogen  bromide.  The  solution  gradually 
tamed  green,  and  while  standing  overnight  deposited  5.2  g.  of  a  greenish 
ytSkm  solid.  This  was  purified  by  recrystallization  from  glacial  acetic 
add. 

Cak.  for  CnHnOBr:  C,  70.9;  H,  44;  Br,  20.5.    Found:  C,  70.5;  H,  3.9;  Br,  20.5. 

The  bromo  compound  crystallizes  in  greenish  ydlow  prisms  and  mdts 
at  1 10^.  It  is  sparingly  soluble  in  ether,  moderatdy  in  ligroin,  readily  in 
benzene  and  diloroform.  It  is  a  reactive  substance;  the  halogen  is  readily 
rq>laced  by  hydroxyl,  acetyl,  and  other  groups,  and  its  solution  in  acetone 
reduces  permanganate  at  the  ordinary  temperature. 

2,5-Diph6nyl-4-(a-acetoxylbenzyl)f wane,  OiHkCn — c  — =  c — cai».  — 

CH,oc— o       I         /^ 

CH«C--C«Hi 
A  solution  of  3  g.  of  the  bromo  compound  and  6  g.  of  potassitun  acetate  in 
ao  cc.  of  glacial  acetic  add,  was  heated  to  near  the  boiling  point  for  half 
an  hour,  then  cooled  and  poured  into  water.    This  predpitated  a  white 
9oUd,  which  after  purification  from  alcohol  mdted  at  84^. 

Calc.  for  CiiHtoOi:  C,  81.5;  H,  54.    Found:  C,  82.1;  H.  5.5. 
The  acetate  crystallizes  in  yellow  needles.    It  is  moderatdy  soluble  in 
alcohol  and  in  ether,  readily  in  benzene  and  diloroform.    Its  solution  in 
acetone  reduces  permanganate. 
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2,5-Diphenyl-4-(a-hydroxybeiizyl)ftiraiie,    CeHiCHOHC  «=  C — CH^.^- 

I     > 

CH—C— CH, 
The  hydroxyl  compotind  was  formed  both  when  the  bromo  compound 
was  hydrolyzed  with  soditmi  alcoholate  and  when  the  acetate  was  hydro- 
lyzed  with  alcoholic  hydrochloric  add.  A  solution  of  sodium  methylate  made 
by  dissolving  one  g.  of  soditun  in  25  cc.  of  methyl  alcohol  was  added  to  a 
hot  solution  of  5  g.  of  the  bromo  compound  in  loo  cc.  of  alcohol.  The 
mixture,  which  was  not  heated  further,  gradually  deposited  4  g.  of  the 
hydroxyl  compound,  a  quantitative  yield.  A  solution  of  2  g.  of  the  ace- 
tate in  50  cc.  of  alcohol  containing  3%  of  hydrochloric  acid  was  boiled 
for  4  hours.  On  cooling  it  deposited  the  same  hydroxyl  compound  which 
had  been  obtained  in  the  alkaline  hydrolysis. 

Gale,  for  CwHigOi:  C,  84.7;  H;^  5.5.    Found:  C,  84.4;  H,  6.0. 

The  substance  was  purified  by  recrystallization  from  alcohol.  It 
crystallizes  in  needles,  melts  at  105®,  and  is  moderately  soluble  in 
ether  and  boiling  alcohol,  readily  in  chloroform.  Its  solution  in  acetone 
reduces  permanganate.  Boiling  glacial  acetic  add  converts  it  into  the 
acetate  mdting  at  84^.  Oxidation  with  potassitun  permanganate  gave 
benzoic  add  and  oils,  but  chromic  add  in  glacial  acetic  add  results  in 
a  aystalline  product.  For  the  pttrpose  of  oxidation  3  g.  of  chromic  anhy- 
dride was  added  to  a  cold  solution  of  5  g.  of  the  hydroxyl  compotmd  ia 
glacial  acetic  add.  As  the  solution  warmed  up  the  temperature  was  con- 
trolled by  cooling  under  the  tap.  The  mixture  was  allowed  to  stand  over- 
night, then  diluted  with  100  cc.  of  water  and  digested  on  a  steam  bath  in 
order  to  coagulate  the  oil  whidi  was  predpitated.  The  aqueous  layer  was 
decanted,  the  oil  washed  with  water,  and  dissolved  in  methyl  alcohol.  The 
solution  yidded  a  solid  which,  after  a  few  recrystallizations  from  the 
same  solvent,  mdted  at  89  ^.    The  yidd  was  2 . 4  g. 

The  analyses  of  this  substance  gave  variable  results  until  it  was  dis- 
covered that  it  readily  loses  water.    The  loss  in  wdght  on  drying  at  no* 
was  4.9%.    Analyses  of  the  dried  material  gave  the  following  results: 
Calc.  for  CmHisOi:  C,  80.7;  H,  5.3.    Found:  C,  80.7;  H,  5.5. 
Calc.  for  CtiHsoOf:  HsO,  5.0;  m.  w.  360.    Found:  HsO,  4.7;  m.  w.  340. 

The  substance  to  be  expected  in  this  oxidation  is  benzoyl-diphenyl- 
furane. 

CeHiCHOHC  =  C  —  C«Hj  C«H»COC  =  C  —  CeHj 

y>0         +  2O  -  y^       ' 

CH— C  — C«Hi  CH=-C  — QHi 

The  product  actually  isolated  differs  from  this  by  2  molecules  of  water. 
One  of  these  is  hdd  very  loosdy  as  it  is  lost  when  the  substance  is  heated 
to  no**.    The  other  is  removed  when  the  substance  is  boiled  with  alco- 
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holic  potassium  hydroxide,  hydrochloric  acid  in  methyl  alcohol,  or  acetic 
anhydride  and  soditmi  acetate.  As  all  of  these  reagents  have  the  power 
of  transforming  1,4-diketones  into  furane  derivations,  it  is  possible  that 
the  furane  ring  is  opened  during  the  oxidation  and  that  the  product  is  a 
triketone  which  crystallizes  with  one  molecule  of  water. 

CeH,CHOHC »««  C  —  C«H,  CeHjCXXiHCOCfHi 

+  2O  +  H,0  - 


> 


CH,COOa.H,0 

It  seems  quite  as  likely,  however,  that  during  the  process  of  oxidation 
the  furane  derivative  combines  with  two  molecules  of  water  and  forms  a 
tetrahydro  furane  derivative.  As  the  ptupose  of  the  oxidation  was  to 
determine  the  structure  of  the  hydroxy!  compound  this  matter  was  not 
investigated  further. 

2»5-Diphenyl-4-benzoyi-furane,  CeHiCOC— iC  — CiH,._a  sdution  of 

I     > 

CH=-C  — CH, 
4.5  g.  of  the  oxidation  product  in  45  cc.  of  methyl  alcohol  was  boiled  with 
4  g.  of  potassium  hydroxide  for  4  hours.  A  yellow  oil  separated  during 
the  process  and  increased  in  amount  when  the  solution  was  allowed  to 
stand  for  some  time  at  the  ordinary  temperature.  This  was  washed  and 
dissolved  in  methyl  alcohol.  The  solution  gave  i .  2  g.  of  yellow  needles. 
The  aqueous  layer  was  carefully  examined  for  sodium  benzoate,  but  none 
was  found. 

Calc.  for  CsaHieOt:  C,  85.2;  H,  5.0.    Found:  C,  84.8,  84.7;  H,  5.0,  5.2. 

The  same  benzoyl  derivative  was  obtained  when  the  oxidation  product 
was  boiled  with  acetic  anhydride  containing  a  trace  of  soditun  acetate, 
and  with  methyl  alcoholic  hydrochloric  add.  It  is  moderately  soluble  in 
boiling  alcohol,  readily  in  ether,  benzene  and  chloroform. 

2,5-Diphen34  -  3  -  bromo  -  4  -  benzoyl-furane,  CiH»COC  -=  C  —  QH,.— 

> 

CBr  =  C  —  CeHi 
Diphenyl-benzoyl-furane,   in  chloroform  solution,   was  treated  with  a 
very  little  more  than  the  calculated  amount  of  bromine.    The  chloro- 
form, on  evaporation,  left  a  pale  yellow  solid.    This,  after  crystalliza- 
tion from  alcohol,  melted  at  120**. 

Calc.  for  CtiHi70»:  C,  65.5;  H,  4.0.    Found:  C,  65.7;  H,  3.7. 

The  bromo  compound  crystallizes  in  yellow  needles.  It  is  moderately 
soluble  in  cold  alcohol,  readily  in  hot  alcohol,  ether  and  chloroform.  The 
bromine  is  quite  unreactive.  The  substance  was  boiled  in  alcoholic  solu- 
tion with  potassium  acetate  for  10  hoiu-s,  with  potassium  hydroxide  for  4 
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hours,  and  with  sodium  methylate  for  3  hours,  and  in  eadi  case  recovered 
unchanged. 
The  Ozime  of  2y5-Diphenyl-4-benzoyl-furane,  cai»C--c«==C--C«H;i. 

HON  /^ 

CH  =  C— C«Hi 
— ^The  oxidation  product  was  boiled  with  methyl  alcoholic  potassium  hy- 
droxide for  4  hours  in  order  to  instu-e  complete  conversion  into  diphenyl- 
benzoyl-furane.  Hydroxylamine  was  then  added  to  the  solution  and  the 
boiling  continued  for  two  hours  more.  Most  of  the  alcohol  was  distilled 
oflf  and  the  residue  poured  into  water  and  the  solution  neutralized  with 
hydrochloric  add.  The  resulting  soUd  was  purified  by  crystallization 
from  alcohol. 

Calc.  for  CnHnOsN:  C,  81.4;  H,  5.0.     Found:  C,  81.8;  H,  54. 

The  oxime  crystallizes  in  rosets  of  needles  and  mdts  at  174**.  It  is 
sUghtly  soluble  in  ether,  moderatdy  in  boiling  alcohol,  readily  in  benzene 
and  diloroform. 

2,5-Diphenyl-f urane-carboxanilide,    C«Hjracoc  =  C  —  CHj.  —  The 

I     > 

CH«C 
oxime  readily  undergoes  the  Beckmann  re-arrangement  to  the  corre- 
sponding anilide.  A  suspensi<m  of  5  g.  of  the  oxime  and  7.5  g.  of  phos- 
phorus pentachloride  in  dry  ether  was  allowed  to  stand  at  the  ordinary 
temperature  overnight.  The  ether  was  then  distilled  oflf  and  the  residue 
decomposed  with  ice  water.  The  solid  was  washed  until  free  from  phos- 
phorus compounds,  and  recrystallized  from  alcohol. 

Calc.  for  CjsHnOjN:  C,  81.4;  H,  5.0.    Found:  C,  81.4;  H,  5.1. 

The  aniUde  crystallizes  in  colorless  needles  and  melts  at  187**.  It  is 
sUghtly  soluble  in  ether  and  alcohol,  moderatdy  in  hot  benzene,  readily 
in  chloroform. 

2,s-Diphenyl-furane  Carboxylic  Acid-4,  ho,C  — C=C  — CO!..— A 

I     > 

CH  =  C  —  CiHs 
solution  of  4  g.  of  the  anilide  and  15  g.  of  potassitun  hydroxide  in  50 
cc.  of  alcohol  was  boiled  for  10  hoturs.  The  alcohol  was  then  distilled  oflf 
and  the  residue  distilled  with  steam  as  long  as  aniline  could  be  detected 
in  the  distillate.  This  left  a  solid  which  was  almost  completdy  soluble  in 
400  cc.  of  water.  After  filtration  to  remove  a  small  quantity  of  resin, 
adds  predpitated  a  colorless  solid,  which  was  purified  by  recrystalliza- 
tion  from  alcohol.    It  mdted  at  2 1 7  **. 

Calc.  for  C17H11O1:  C,  77.3;  H,  4.5.    Found:  C,  77.0;  H,  4.6. 
The  add  has  both  the  composition  and  the  mdting  point  of  the  2,5- 
diphenyl-furane-carboxylic  add-3  described  by  Paal  and  Lapf,  Peridn, 
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and  Thide.  In  order  to  comidete  its  identification  it  was  distilled  with 
zinc  dust.  The  product  was  2,5-diphenyl-furane — ^identified  by  a  mixed 
melting  point,  using  a  specimen  on  hand. 

Reaction  with  Grignard  Reagents,  lyi-Diphenykarbinyl-a-phenyl- 
cydopropane,  CeHsCH  —  CHC(C6Hs),oh.— An  ethereal  solution  of  phenyl 

CHC(C«H6),0H 
magnesium  bromide  was  made  from  7.59  g.  of  magnesium  in  the  usual 
way.  The  solution  was  cooled  in  a  freezing  mixttu'e,  treated  with  20  g. 
of  the  cydopropane  derivative,  which  was  added  in  small  quantities  as  a 
fine  powder.  The  mixtiu'e  was  allowed  to  stand  at  the  ordinary  tempera- 
ture for  several  hours,  before  it  was  decomposed  with  iced  add.  The 
ethereal  layer,  on  evaporation,  left  a  soUd  imbedded  in  a  pasty  oil.  Re- 
crystallization  from  alcohol  gave  a  solid,  crystallizing  in  dusters  of  fine 
needles  mdting  at  183  **.    The  yidd  was  42%. 

Calc.  for  CmHioOj:  C,  87.1;  H,  6.3.     Found:  C,  87.3;  H,  6.4. 

The  composition  of  the  product  shows  that  it  was  formed  as  a  result 
of  the  combination  of  one  molecule  of  cydopropane  derivative  and  two 
of  phenyl  magnesium  bromide.  In  order  to  determine  whether  dther  of 
the  latter  had  been  taken  up  in  the  1,4  position,  giving  an  open  chained 
ketone,  1.5  g.  of  the  substances  was  added  to  a  large  excess  of  ethyl 
magnesiiun  bromide.  There  was  free  evolution  of  ethane.  The  resulting 
magnesiiun  derivative,  treated  in  the  usual  way,  yidded  only  unchanged 
substance.  This,  therefore,  is  not  a  ketone,  but  a  ditertiary  alcohol, 
showing  that  the  phenyl  magnesiiun  bromidt  had  not  attadced  the  ring. 

iy2-(a-Phenyl-a-ethyl-carbinyl)-2-iihenyl  Cyclopropane^ 
C«H»CH  —  CHC(C«H4)(C«H|)0H,    was    obtained    when    the    cydopropane 

cHC(cja«)(cai«)OH 

derivative  was  treated  with  ethyl  magnesium  bromide  and  the  product 
isolated  in  the  usual  way.  It  was  purified  by  recrystallization  from 
ligroin.  It  mdts  at  129°  and  is  moderatdy  soluble  in  ligroin,  ether,  and 
alcohol;  very  soluble  in  acetone.    The  yidd  was  35%. 

Cak.  for  C17H10O1:  C,  83.9;  H,  7.9.  Found:  C,  83.5;  H,  7.8. 
Reaction  with  Phosphorus  Pentachloride,  i|4-Diphenyl-i94-dichloro- 
3-benzoyl-butene-4,  CeHsCHCl— CH(C0C«H6)CH  -  GC1C«H5.— A  solu- 
tion of  10  g.  of  the  cydopropane  derivative  and  6.4  g.  of  phosphorus 
pentachloride  in  30  cc.  of  dry  benzene  was  boiled  for  10  hoiu-s,  cooled  and 
poured  cai  cradced  ice.  The  benzene  layer  was  separated,  washed  imtil 
free  from  phosphorus  compounds,  dried,  and  evaporated  under  reduced 
pressure.  It  left  an  oil,  which  was  dissolved  in  alcohol.  The  alcohoUc 
sdntion  slowly  deposited  a  solid  which  after  two  recrystallizations  from 
the  same  solvent  showed  a  constant  mdting  point  of  122^  . 
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Calc.  for  CttHnOCl,:  C,  72.5;  H.  4.7;  Q,  18.6.  Fcmnd:  C,  72.3;  H,  4.8;  Q.  18.7. 
The  substance  is  sparingly  soluble  in  ether,  moderately  in  hot  aloohd, 
readily  in  benzene  and  chloroform.  It  was  not  affected  by  boiling  with 
water  and  it  was  recovered  unchanged  after  it  had  been  boiled  for  10 
hours  with  a  3%  solution  of  hydrochloric  add  in  methyl  alcohol.  It  is 
therefore  not  a  ketochloride  formed  by  replacing  the  oxygen  of  one  of  the 
carbonyl  groups  with  2  atoms  of  chlorine. 

i94-Diphenyl-2-b.enzoyl-4-chloro-butadiene,  C«H6CH  =  C(COC«H»)- 
CH  =  CClCeHs. — ^A  solution  of  10  g.  of  the  dichloro  compound  and  30  g. 
of  anhydrous  potassium  acetate  in  150  cc.  of  dry  methyl  alcohol  was  boiled 
for  10  hours.  Most  of  the  alcohol  was  distilled  off,  and  the  residue  di- 
luted with  water.  This  precipitated  an  oil  which  soon  solidified.  The 
solid  was  thoroughly  washed  with  water  and  then  recrystallized  from 
alcohol. 

Calc.  for  CttHnOQ:  C,  80.1;  H,  4.9.    Found:  C,  80.0;  H,  5.0. 

The  substance  crystallizes  in  colorless  prisms  and  melts  at  84®.  Its 
solution  in  acetone  reduced  permanganate,  giving  benzoic  add  as  the  only 
organic  product. 

I ,i4-Triphenyl-2-benzoyl-4-chloro-butene-3,  (CeH6)iCHCH(COCeH6)- 
CH=CClCeH6. — ^An  ethereal  solution  of  phenyl  magnesimn  chloride  con- 
taining 2  g.  of  magnesiiun  was  prepared  in  the  usual  way  and  cooled  in  a 
freezing  mixtiure.  To  it  was  added  5  g.  of  the  unsaturated  chloroketone  in 
small  quantities,  and  as  a  findy  powdered  solid.  Each  addition  produced 
a  yellow  color  which  quickly  disappeared  again.  The  mixture  was  poured 
into  iced  add  as  soon  as  all  otxhe  substance  had  been  added.  The  product, 
isolated  in  the  usual  way,  and  piuified  by  crystallization  from  alcohol,  sepa- 
rated in  large,  colorless  prisms  which  mdted  at  140**. 

Calc.  for  CjHmCIO:  C,  82.4;  H,  5.4.    Found:  C,  82.1;  H,  5.7. 

In  order  to  determine  the  presence  or  absence  of  a  hydroxyl  group,  the 
substance  was  added  to  ethyl  magnesimn  bromide.  It  reacted  vigorously, 
but  no  evolution  of  gas  accompanied  the  reaction  and  no  unchanged  sub- 
stance was  recovered  when  the  magnesimn  derivative  was  addified. 
The  product  is  therefore  a  ketone  formed  by  1,4-addition,  and  not  a  ter- 
tiary alcohol  such  as  would  be  obtained  by  addition  of  phenyl  magnesium 
bromide  to  a  carbonyl. 

Action  of  Bromine  on  the  Cyclopropane  Derivative. — ^Bromine  reacts 
with  the  substance  very  readily  but  it  is  difficult  to  confine  the  reaction 
to  the  first  step.  In  order  to  get  a  aystaUine  product  it  was  necessary 
to  use  small  quantities  of  material.  A  solution  of  2  g.  of  the  substance 
and  0.33  cc.  of  bromine  in  4  cc.  of  chloroform  was  warmed  for  a  few  sec- 
onds to  start  the  reaction.  As  soon  as  the  color  of  the  solution  had  dis- 
appeared, 50  cc.  of  alcohol  was  added  to  prevent  further  change.    The 
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product  was  a  mixture,  but  repeated  recrystallization  from  alcohol  re- 
sulted in  a  pure  substance  whidi  melted  with  decomposition  at  129^. 
Calc  for  CnHuOtBrs:  Br,  32.9.    Pound:  Br,  32.9. 

The  substance  is  isomeric  with  the  a,7-dibromo  compound  obtained  by 
direct  bromination  of  benzal-acetophenone.  With  potassitun  iodide  it 
gave  the  same  cyclopropane  derivative  that  was  obtained  from  the  a.y- 
dihromo  compound,  and  both  substances  also  gave  the  same  monobromo 
•oompoand  with  potassitun  acetate. 

The  possible  formulas  of  the  addition  product  are  therefore 

Cja»CHBrCOCtH»  CeHiCHBrCHCOCH* 

I  and  I  . 

CHBrCOCtHi  BrCHCOCja, 

The  first  formula  represents  a  stereoisomer  of  the  compdund,  obtained  by 
direct  bromination;  the  second  a  structtu^  isomer  formed  by  opening  the 
ring  between  carbon  atoms  i  and  2.  Both  the  known  a,7-compound 
and  the  substance  under  consideration  first  lose  hydrogen  bromide  when 
treated  with  any  reagent  capable  of  replacing  bromine.  Since  both  give 
the  same  product  when  hych-ogen  bromide  is  removed,  the  only  metiiod 
available  for  distinguishing  between  them  was  to  transform  them  into 
furane  derivatives  with  add  reagents.  This  was  tried  with  alcoholic 
hydrogen  bromide,  and  also  with  acetic  anhydride;  but  both  substances 
gave  only  oily  products. 
i,2-Dibenzoyl-2-bromo-3-phenyl-cyclopropane,  C«HiCH  —  chcoc«Hs. — 

BrCCOCeHi 
A  solution  of  10  g.  of  the  a,7-dibromo  compound  in  200  cc.  of  absolute 
alcohol  was  treated  with  2.2  g.  of  potassiimi  acetate  and  5  g.  of  precipi- 
tated caldtun  carbonate,  and  the  whole  boiled  for  4  hours.  The  mixture 
was  then  poured  into  water.  This  predpitated  a  solid  which  was  re- 
crystallized  from  alcohol.    The  3deld  was  4  g.,  or  47%. 

Cak.  for  CmHitOiBf:  C,  68.1;  H,  4.2;  Br,  19.7.    Found:  C,  68.1;  H,  4.4;  Br,  19.7. 

The  substance  crystallizes  in  needles  and  mdts  at  122^.  It  is  sparingly 
soluble  in  ether  and  cold  alcohol,  moderately  in  boiling  alcohol.  Otu: 
attempts  to  remove  another  molecule  of  hydrogen  bromide  from  this  sub- 
stance and  thus  get  a  cydopropene  derivative  were  unsuccessful.  Alka- 
lies gave  only  dly  products  and  potassitun  acetate  replaced  bromine 
with  acetyl. 

i,2-DibenzoyI-2-acetoxy-3-phenyl-cyclopropane,  c«HiCH  —  CHCOCjij. 

CH,COO  —  C  —  COC«H» 
— ^A  solution  of  10  g.  of  dibromo  compound  in  200  cc.  of  absolute  alcohol 
was  treated  with  lo  g.  of  fused  potassium  acetate  and  5  g.  of  predpitated 
caldum  carbonate.    The  mixture  was  boiled  for  4  hours,  then  filtered  while 
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hot  and  allowed  to  crystallize.    The  product  was  purified  by  recrystalliza- 
tion  from  aloohol. 

Calc.  for  CJH10O4:  C,  78.1;  H,  5.2.     Found:  C,  77.7;  H,  59. 

The  substance  melts  at  159**.  Its  solution  in  acetone  very  slowly  re- 
duces permanganate.  An  attempt  to  get  the  corresponding  hydroxyl 
compound  failed;  alkalies  led  to  unmanageable  oils  while  adds  resulted 
in  the  formation  of  a  furane  derivative. 

2-Benzoyl-3i5-dipfaenyl-furanei        CH  =  C  — C«Hi  . — ^Twelve   cc.    of 

> 

C,H»C  =  C  —  COCeH, 
cone,  hydrochloric  add  was  added  to  a  solution  of  10  g.  of  the  acetoxy 
compound  in  80  cc.  of  alcohol.  The  mixture  was  boiled  for  4  hours. 
On  cooling  it  deposited  a  pink  colored  solid  in  fine  plates.  The  pink 
color  disappeared  on  recrystallization  from  alcohol,  which  3delded  color- 
less plates  mdting  at  118^. 

Calc.  for  CitHieOt:  C,  85.2 ;  H,  5.1 ;  m.  w.  324.    Found:  C,  85.0;  H,  4.9;  m.  w.  329. 

The  furane  derivative  is  sparingly  soluble  in  alcohol,  readily  in  benzene 
and  chloroform.  It  has  one  hydrogen  that  is  replaceable  by  bromine. 
With  excess  of  hydroxylamine  it  forms  only  a  monoxime  even  on  pro- 
longed boiling.  It  therefore  contains  but  one  carbonyl  group — ^proof 
that  it  is  a  furane  derivative  and  not  the  isomeric  cydopropane.  Nascent 
hydrogen  attacks  the  benzoyl  group  and  reduces  it  to  a  benzyl  group  with- 
out dther  opening  or  saturating  the  ring. 

2-Benzo7l-4-bromo-3i5-diphenyl-furaney    BrC  -  c  —  C«H*     . — ^A  solu- 

I    > 

CJIiC  -  C  —  COC«H* 
tion  containing  5  g.  of  the  furane  derivative  and  2.5  g.  of  bromine  was 
gently  warmed  imtil  the  color  disappeared.  The  solution  on  evaporation 
left  the  bromo  compound  as  a  colorless  solid  which,  after  recrystalUza- 
tion  from  alcohol,  mdted  at  1 10**.  The  bromine  is  completdy  inactive,  not 
a  trace  of  silver  bromide  being  formed  on  protracted  boiling  with  silver 
acetate. 

Calc.  for  CiiHisBrO:  C,  68.4;  H,  3.7;  Br,  19.8.    Found:  C,  68.1;  H,  3.9;  Br,  19.9. 

2-Benzyl-3y5-diphenyl-furanei     HC  -  C  —  C«Hs. — ^A  solution  of  4  g. 

I    > 

CeHiC  =  CCH,C«H, 
of  benzoyl-diphenyl-furane  in  50  cc.  of  gladal  acetic  add  was  heated  on  a 
steam  bath  and  treated  with  5  g.  of  zinc  dust  in  small  portions.  A  yellow 
solid  separated  during  the  process  and  a  viscous  yellow  oil  was  predpi- 
tated  when  the  solution  was  potu-ed  into  water.  Both  the  solid  and  the 
oil  were  dissolved  in  boiling  acetone.    On  addition  of  alcohol  to  the  hot 
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solution,  the  product  separated  in  bright  yellow  needles  melting  at  193**. 
The  mother  liquors  contained  unchanged  substance. 

Calc  for  CitHwO:  C,  89.3;  H,  5.8.    Found:  C,  89.3;  H,  6.1. 

The  substance  is  very  sparingly  soluble  in  all  solvents  except  hot  ace- 
tone and  hot  chloroform. 

The  Ozfane  of  benzoyl-diphenyl-fiurane  was  made  by  boiling  an  alcoholic 
sohition  of  4  g.  of  the  ketone,  4  g.  of  hydroxylamine  hydrochloride,  and  5 
g.  of  potassium  hydroxide  for  4  hours.  Most  of  the  alcohol  was  distilled 
oflF  and  the  residue  poured  into  water.  The  resulting  solid,  after  recrys- 
tallization  from  ethyl  alcohol,  melted  at  152^. 

Calc,  for  CitHnOiN:  C,  81.4;  H,  5.    Found:  C.  81.1;  H,  5.2. 

The  oxime  crystallizes  in  needles.  It  is  insoluble  in  water,  moderately 
soluble  in  alcohol,  readily  in  ether. 

StS-Diphenyl-furane  Carbozanilide-2y        CH  =  c  —  CeH*  —For 

> 

CJIiCH  -  C  —  CONHCH, 
the  purpose  of  rearranging  the  oxime  an  ethereal  solution  of  the  substance 
was  allowed  to  stand  in  contact  with  excess  of  phos^diorus  pentachloride 
for  several  hours  and  then  cautiously  decomposed  with  ice  water. .  The 
resulting  oil,  after  thorough  washing  with  water,  was  dissolved  in  alcohol. 
It  sq)arated  in  colorless  needles  melting  at  143^. 

Calc  for  CmHitOsN:  C,  814;  H,  5.0.    Found:  C,  81.1;  H,  5.2. 
3,5-I>ildien7l-furane  Carboxylic  Acid-2,      CH«C  — CHi  .— Theani- 

I     > 

Cai»C«=»C  — COOH 
lide  was  hydrolyzed  by  prolonged  boiling  with  alcohoUc  potassium  hy- 
droxide, and  the  resulting  add  recrystallized  from  alcohol. 
Cak.  for  CnHuOi:  C,  77.3;  H,  4.5.    Found:  C,  77.7;  H,  4.7. 
The  add  mdted  with  decomposition,  at  194^.    When  heated  with  zinc 
dust  it  gave  3,5-diphenyl-furane  which  distilled  without  decomposition, 
crystallized  in  irridescent  plates,  that  mdted  at  109^,  gave  a  blue  fluo- 
rescent solution  in  cone,  sulfuric  add,  and  was  identical  in  every  way  with 
the  a,7-diphenyl-furane  described  by  Bngler  and  Dengler.^ 

Cambxidos,  Mass. 
»  Ber.,  26,  1447  (1893). 
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[Contribution  prom  tbb  Chkmical  Laboratory  of  the  Univsrsity  op 

Cai«ipornia.  ] 

ASYMMETRIC  DYES. 

By  C.  W.  Porter  and  C.  T.  Hirst. 

Receired  May  19,  1919. 

Differential  stains  are  among  the  most  important  aids  employed  in 
bacteriological  and  histological  work.  Although  no  definite  relationship 
has  been  established  between  the  chemical  structures  of  dyes  and  their 
functions  as  vital  stains,  still  we  considered  it  a  reasonable  assumption  that 
selective  action  in  staining  might  be  demonstrated  if  experiments  were 
made  with  dyes  representing  great  diversity  in  structure.  In  our  search 
for  evidence  in  support  of  this  assumption  we  have  found  one  racemic 
mixture  upon  which  wool  acts  selectively,  absorbing  more  of  the  levo 
than  of  the  dextro  form  of  the  dye. 

The  most  exhaustive  research  in  this  field  has  been  conducted  by  H. 
M.  Evans,*  who  has  reached  the  conclusion  that  staining  in  living  tissue 
with  benzidine  dyes  is  a  physical  rather  than  a  chemical  phenomenon.  In 
this  opinion  Evans  is  supported  by  Schulemann^  and  others. 

In  no  instance  recorded,  however,  has  an  optically  active  dye  been  em- 
ployed as  a  vital  stain.  Inasmuch  as  spedfidty  in  enzyme  action  is 
closely  related  to  the  asymmetric  structure  of  the  substrate,  it  seemed 
to  us  worth  while  to  investigate  the  action  of  dyes  having  at  least  one 
as3rmmetric  carbon  atom  in  each  molecule.  We  have,  therefore,  synthe- 
sized a  group  of  asymmetric  dyes  and  have  made  some  preliminary  ex- 
periments on  dyeing  with  them.  The  results  of  these  experiments,  in- 
cluding partial  resolution  of  a  racemic  dye  with  concomitant  dyeing  of 
wool,  give  some  support  to  our  theory,  and  the  work  is  being  repeated 
on  a  quantitative  basis.  No  experiments  have  yet  been  made  on  living 
tissue. 

We  desire  to  present  in  this  paper  only  a  description  of  the  dyes  syn- 
thesized. The  dyes  were  derived  from  />-amino-benzophenone  which  was 
prepared  from  benzoyl  chloride  and  phthalanilid  in  the  presence  of  zinc 
chloride.'  From  this  ketone  several  amino-diphenylalkyl  carbinols  were 
prepared  by  the  Grignard  reaction.  The  carbinol  carbon  was  thus  ren- 
dered asymmetric.  />-Amino-benzohydrol*  was  prepared  also  by  re- 
ducing the  ketone  in  alcoholic  solution  by  means  of  sodium  amalgam. 
These  amines  were  diazotized  and  coupled  as  indicated  below. 

In  preparing  the  alkyl  derivatives  of  amino-benzophenone  it  is  neces- 
sary to  use  an  excess  of  alkyl  magnesimn  iodide,  for  the  reagent  acts  quan- 

*  Evans,  Sci.,  39,  443  (1914)- 

*  Schulemann,  DeiU.  Med.  Woch,,  40,  1839  (191 4). 

*  Dobner,  Ann.,  aio,  260  (188 1). 

*  Kippenberg,  Ber.,  30,  1136  (1897). 
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titativdy  upon  the  amino  group  before  the  carbonyl  group  is  attacked; 
and  unless  both  parts  of  the  molecule  have  been  acted  upon,  the  original 
ketone  is  regenerated  by  hydrolysis.  The  addition  products  formed  be- 
tween the  amino-benzophenone  and  alkyl  nmgnesium  iodide  were  hydro- 
lyzed  by  pouring  into  cold  saturated  solutions  of  ammonitun  chloride.  The 
carbinols  were  obtained  from  the  ether  layer  and  recrystallized  from  hot 
Ugroin. 

^Amino-diphenylmethyl-carbinol. 

The  compound  was  formed  by  the  action  of  methyl  magnesitun  iodide 
on  ^amino-benzophenone.  It  is  a  colorless  crystalline  body  melting  at 
loi  ^.  It  appears  among  the  reaction  products  as  a  red  oil  and  crystallizes 
only  when  quite  pure.  It  is  soluble  in  alcohol,  chloroform,  acetone  and 
in  hot  Ugroin.  The  ligroin  solution  on  cooling  yields  the  crystals  in  the 
pure  state. 

Calc  for  CJl4C(OH)(CH,)C«H4NH,:  C,  7887;  H,  704;  N.  6.58.    Found:  C, 
78.80;  H,  7.14;  N,  6.56. 

The  corresponding  ethyl  derivative  crystallizes  in  colorless  plates  melt- 
ing at  103^.  It  dissolves  in  glacial  acetic  add  from  whidh  it  may  be  pre- 
cipitated by  the  addition  of  water.  Cr3rstallization  from  hot  ligroin 
affords  the  best  means  of  purification. 

Calc  for  CJI»C(0H)(CiHt)C.H4NH,:  C,  7925;  H.  749;  N,  6.17.    Found:  C, 
79.oo;H,  7.52;  N,  6.16. 

Diphenyl-methylcarbinol-^azo-i9-naphthol. 
The  amine  described  above  was  diazotized  and  coupled  with  j3-naphthol 
with  the  production  of  a  red  dye.  The  compound  is  soluble  in  hot  alco- 
hol from  which  it  crystallizes  on  cooling.  It  is  soluble  in  the  ordinary 
organic  solvents  and  practically  insoluble  in  water,  dilute  adds  and  alka- 
lies.   It  melts  at  190^. 

Calc.  for    CJI»C(OH)(CH,)CJl4N-NCioH,OH:    C,  78.30;    H,  544;    N,  761. 
Found:  C,  78.30;  H,  5.40;  N,  7.65. 

Diphenyl-methylcarbinol-^azodimethyl-aniline. 
Success  in  preparing  this  dye  depends  largdy  upon  the  control  of  the 
bydrogen-ion  concentration.  Dimethyl-aniline  hydrochloride  was  dis- 
solved in  o.i  N  hydrochloric  add.  The  primary  amine  was  diazotized 
m  add  of  the  same  concentration  to  which  an  equivalent  quantity  of 
sodium  acetate  had  been  added.  The  dye  has  a  deep  red  color  in  add 
solution  and  is  yellow  in  alkaline  solution.  It  may  be  purified  by  crys- 
tallization from  hot  alcohol.    M.  p.  177^. 

Calc.  for  Cja»C(OH)(CH,)C6H4  — N  -  N  — CeH4N(CH,),:  C,  76.48;  H.  6.72; 
N,  12.17.    Found:  C,  76.40;  H,  6.65;  N,  12.15. 

Naphthol  sulfonic  add  and  naphthylamine  sulfonic  add  derivatives  were 
S]nithesized  for  the  production  of  water-soluble  dyes.  Corresponding 
compounds  were  prepared  from  ^amino-diphenyl-ethylcarbinol  and  from 
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^amino-benzhydrol.    They  are  very  much  alike  in  properties,  but  vary  in 
color  from  yellow  to  crimson. 

The  first  3  compounds  listed  in  this  table  constitute  examples  of  alkali- 
insoluble  phenols  (naphthds).  The  insolubility  of  these  dyes  lends  sup- 
port to  the  theory  of  Torrey  and  Kipper>^  vis.,  that  phenols  are  generally 
insoluble  if  in  each  molecule  there  is  a  long  side  diain  ortho  to  the  hydroxyl 
group  and  at  least  one  other  subetituent  in  the  ring.  In  this  case  the  C4H4 
residue  of  the  naphthalene  constitutes  the  attdliary  substituent.  The  be- 
havior of  these  dyes  in  dilute  alkaUes  is  in  harmony  also  with  Adams'* 
more  recent  theory  concerning  the  solubility  of  phends. 


[Contribution  prom  thb  Chsmicai«  Laboratory  ot  ths  Omo  StaT9  Unxvsrsity.] 

THE  OXIDATION  OP  ETHYL  ALCOHOL  BY  MEANS  OP  POTAS- 
SIUM PERMANGANATE. 

By  Wiluam  Lloyd  Evans  and  Jssse  E.  Day. 

R«ceired  May  22,   1919. 

A  preliminary  report  of  a  portion  of  the  work  included  in  this  paper 
has  aiready  been  made.'  The  influence  of  the  alkali  on  the  oxidation  of 
organic  and  inorganic  compounds  by  means  of  potassimn  permanganate 
has  been  studied  by  other  early  investigators  (Margueritte,  Pelouze, 
Bussey,  Hempd  and  Berthelot)  in  addition  to  those  mentioned  in  the 
preliminary  article. 

Among  the  objects  of  this  investigation  were  the  following:  (i)  to  ascer- 
tain what  are  the  reaction  products  when  ethyl  alcohol  is  oxidized  both  in 
neutral  and  in  alkaline  potassium  permanganate  solutions  under  known 
conditions  of  temperature;  (3)  to  study  the  effect  of  temperature,  of 
change  in  the  initial  concentration  of  the  alkali  present,  and  their  com- 
bined effect  on  the  character  of  the  reaction  products;  (3)  to  study  the 
mechanism  of  the  oxidation  of  ethyl  alcohol  under  these  variable  condi- 
tions.* 

It  has  been  definitely  established  that  acetic  add  is  the  only  product 
obtained  when  ethyl  alcohol  is  oxidized  by  an  aqueous  solution  of  potas- 
simn permanganate,  but  that  acetic  add,  oxalic  and  carbonic  adds  are 
also  formed  when  the  oxidation  is  conducted  in  the  presence  of  potassium 
hydroxide  the  concentration  being  above  certain  minimum  values  (p. 
1282),  Hepter,^  studying  the  action  of  potassium  permanganate  on 
organic  compounds  in  add  and  alkaline  solution,  found  that  substances 

»  Torrey  and  Kipper,  This  Journal,  30,  840  (1908). 

*  Adams,  Ibid.,  41,  247  (1919). 

»  Tras  Journal,  38,  375  (1916). 

*/Wa.,  38,  377(1916). 

»  Z.  anal.  Chem.,  51,  409-29  (1912). 
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having  an  alkyl  group  were  alwa3rs  oxidized  by  alkaline  permanganate  to 
the  corresponding  aliphatic  add,  carbon  dioxide  and  oxalic  add,  and  the 
results  were  dependent  upon  the  temperature  of  the  reaction  mixture 
and  upon  the  position  which  the  intomediate  oxidation  substance  occu- 
pied in  its  own  homologous  series. 

Barendrecht^  determined  alcohol  in  rather  dilute  solution  by  adding  the 
alcohol  to  a  boiling  mixture  of  potassium  permanganate  and  potassium 
hydroxide  solutions/in  which  it  is  oxidized  to  carbon  dioxide :  CsH»OH  + 
i2KMn04  +  12KOH  — >  i2KiMn04  +  9H1O  +  2CO1.  He  noticed 
that  the  temperature  was  an  essential  factor  in  the  complete  conversicm 
of  the  alcohol  to  carbon  dioxide. 

Codienhausen,'  on  treating  acetone  with  potassium  permanganate  in 
solution  with  potassium  hydroxide  found  that  it  was  oxidized  to  acetic, 
oxalic  and  carbonic  adds.  Greifenhagen,  Koenig  and  SchoU'  estimated 
carbohydrates,  polyhydric  alcohols,  the  corresponding  aldehydes,  ketones, 
and  polysaccharides  by  oxidizing  them  to  oxalic  and  carbonic  add  with 
alkaline  potassium  permanganate.  Greifenhagen  found  that  the  forma- 
tion of  oxalic  add  and  carbon  dioxide  was  quantitative,  and  was  dependent 
upon  the  alcohol,  aldehyde  and  ketone  groups. 

Witzemann*  has  investigated  the  character  of  the  reaction  products 
obtained  by  oxidizing  acetone  with  potassium  permanganate  with  vary- 
ing initial  concentrations  of  alkali.  His  experimental  results  were  simi- 
lar to  those  reported  by  us  in  our  previous  paper. 

Experimental  Part. 

(a)  Methods  of  Analysis. — ^The  methods  of  analysis  were  the  same  as 
those  described  in  our  first  paper,  together  with  the  following  addenda. 

Oxalic  Acid. — ^The  add  was  first  predpitated  as  the  caldum  salt  by  the 
method  previously  described  for  its  quantitative  determination.  The 
salt  was  then  filtered,  washed  and  finally  dissolved  in  slightly  more  than 
its  equivalent  of  dil.  sulfuric  add.  On  the  addition  of  an  equal  volume 
of  absolute  alcohol  the  caldum  sulfate  was  predpitated  and  removed. 
On  spontaneous  evaporation  the  free  oxalic  add  crystallized  out  in  the 
wdl  defined  needle  form.  This  procedure  cannot  be  quantitative  because 
of  the  presence  of  the  sUght  excess  of  sulfuric  add.  The  purity  of  the 
product  was  checked  by  a  mdting-point  determination.  Another  qualita- 
tive test  for  oxalic  add  was  that  contained  in  our  preUminary  paper.^ 

An  aliquot  part  of  the  solution  containing  the  oxidation  products  was 
used  to  determine  the  oxalic  add  present  as  potassium  oxalate.    With 

'  Z.  anal,  Chem,,  53,  167-72  (19 13). 

»  /.  prakt.  Chem.,  [2]  58,  451  (1898). 

»  Biochem,  Z.,  30,  151  (1910);  35,  169-193  (1911)- 

*  This  Journai.,  39,  2657  (191 7). 

•  Ibid.,  38,  378  (1916). 
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phenolphthalein  as  the  indicator  the  sample  was  first  sUghtly  acidulated 
with  20%  acetic  add  boiled  for  a  few  minutes  to  drive  off  carbon  dioxide, 
then  made  barely  alkaline  with  ammonium  hydroxide  after  which  the 
oxalate  was  precipitated  by  5%  calcium  acetate  solution.  The  removal 
of  the  carbon  dioxide  was  unnecessary  but  insured  the  absence  of  car- 
bonate in  the  calcium  precipitate.  After  filtering  and  washing  the  calcium 
oxalate  on  purified  asbestos  in  a  Caldwell  crucible,  it  was  titrated  against 
standard  potassium  permanganate  solution  in  the  presence  of  5%  sulfuric 
add  in  the  usual  manner.  The  filtration,  washing  and  titration  of  the 
insoluble  oxalate,  when  carried  out  as  described,  were  found  to  be  more 
rapid  and  satisfactory  than  when  the  predpitate  was  collected  and  washed 
on  a  filter  paper,  dissolved  by  means  of  sulfuric  add  and  then  titrated. 

Acetic  Acid. — Methods  were  examined  for  the  determination  of  this 
add  by  the  use  of  (i)  hydrochloric  add,  (2)  sulfuric  add,  (3)  potassium 
hydrogen  sulfate,  (4)  sirupy  phosphoric  add,  (a)  distillation  to  approxi- 
matdy  complete  dehydration  under  reduced  pressure,  (b)  distillation  at 
ordinary  pressure  and  maintaining  the  volume  bdng  distilled  at  75  cc 

Some  of  these  methods  are  discussed  by  Stilwell  and  Gladding,^  par- 
ticularly (4a).  Withrow  and  Fritz*  have  modified  the  method  of  Stil- 
well and  Gladding  according  to  (4b). 

The  following  additional  facts  were  observed  relative  to  these  methods 
and  tlieir  bearing  on  this  problem:  When  proceeding  according  to  (i) 
it  was  found  necessary  to  add  an  excess  of  hydrodiloric  add  in  order  to 
sweep  over  the  last  portions  of  the  acetic  add.  By  (2)  and  (3),  sulfur 
dioxide  was  found  present  in  the  distillate,  which  introduced  an  apprecia- 
ble error  when  the  amount  of  oxalic  add  in  the  oxidation  solution  was 
large.  Carbon  dioxide  was  present  in  the  acetic  add  distillate  regardless 
of  the  method  employed.  When  distilled  with  sirupy  phosphoric  add 
under  reduced  pressure  as  in  (4a),  the  solution  of  carbon  dioxide  in  the 
condensate  was  avoided.  Evans  and  Witzemann'  have  found  that  the 
loss  of  acetic  add  by  use  of  suction,  was  negligible  when  the  acetic  add 
solution  was  very  dilute.  This  was  also  the  case  in  the  experiments  re- 
corded in  this  paper.  The  distillation  was  much  expedited  by  placing  a 
second  fractionating  flask  and  a  Kjeldahl  connecting  bulb  between  the 
distillation  flask  and  the  condenser,  making  it  tumecessary  to  cool  the 
contents  of  the  distilling  flask  in  order  to  prevent  spattering  on  the  addi- 
tion of  water  to  the  hot  mixture,  as  it  was  then  extremdy  difficult  for  the 
phosphoric  add  to  reach  the  recdving  vessd.  -The  addition  of  water  was 
made  at  the  ordinary  pressture  in  order  to  avoid  the  foaming,  which  other- 
wise occurred  when  the  amount  of  alkaU  on  the  original  sample  was  large. 
»  Tras  JouRNAi.,  4, 105  (1882). 

*  Thesis  by  Howard  Fritz  of  this  laboratory. 

*  Tms  JouRNAi^,  34,  1091  (1913). 
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In  (46)  the  total  volume  of  the  distillate  was  not  constant  in  quantity,  as 
it  was  dependent  upon  the  amount  of  acetic  add  present  in  the  sample. 
Inasmuch  as  the  distillation  was  carried  out  at  ordmary  pressure,  the  car- 
bon dioxide  liberated  was  present  in  the  condensate.  Dr.  Homer  B. 
Adkins  (this  laboratory)  fotmd  that  bubbling  carix)n  dioxide-free  air 
through  the  distillate  removed  the  tmdesirable  gas  without  seriously  af- 
fecting the  quantity  of  acetic  add  contained  in  these  solutions  of  con- 
siderable dilution.  In  the  following  experiments  on  alcohol  the  same 
method  was  employed  in  eliminating  the  carbon  dioxide.  The  distillate 
from  methods  (4a)  and  (46)  was  titrated  with  a  standardized  potassium 
hydroxide  solution  with  phenolphthalein  as  the  indicator.  In  eadi  ex- 
periment a  correction  was  made  for  the  volatile  adds  contained  in  the 
amounts  of  phosphoric  add  used.  It  was  observed  in  making  these  dis- 
tillations that  when  the  amount  of  potassium  hydroxide  present  was 
large,  a  much  greater  excess  of  phosphoric  add  over  that  required  for  the 
neutralization  of  the  alkali,  was  necessary  in  order  to  completely  expel 
the  acetic  add,  and  also  that  the  time  required  for  the  operation  was  de- 
creased thereby. 

(6)  Chemicals  Used  in  the  Oxidation. — ^Absolute  alcohol^  was  em- 
ployed in  these  series  of  oxidations.  Additional  tests  with  phenyl-hydra- 
zine and  sodium  hydroxide  gave  no  tiu-bidity,  proving  the  absence  of 
aldehydes.  To  obtain  a  pure  product,  commercial  absolute  alcohol 
was  treated  with  caldum  oxide  in  the  customary  way  and  then  was 
stored  with  anhydrous  copper  sulfate  in  air-tight  glass-stoppered  bottles. 
In  making  up  a  standard  solution  suJSdent  alcohol  (b.  p.  =»  77- 7°  and 
77. 8^  at  739  and  749  mm.;  [d]l^  =  0.7897;  [d]"  =  0.7854)  was  dis- 
tilled from  the  copper  sulfate  to  givea  2  Af  or  9.21%  solution  (92 .096  g. 
anhydrous  alcohol  per  liter  of  solution),  having  [d]l^  =  0.9830  and  [d]l^  = 
0.9817.  These  density  values  were  referred  to  "Circular  of  the  Bureau 
of  Standards"  No.  19,  pp.  6  and  7,  in  order  to  get  the  per  cent,  by  wdght 
of  alcohol  present.  An  ordinary  pyknometer  (capadty  about  60  cc.) 
was  used  in  making  these  density  determinations.  All  alcohol  distilla- 
tions were  made  in  glassware,  with  cork  connections. 

Distilled  water  was  aerated  with  carbon  dioxide-free  air  for  5  to  6  hours. 
Carbon  dioxide  blanks  were  then  run.  One  drop  oi  o.ioij  N  potassium 
hydroxide  solution  gave  a  permanent  pink  color  to  100  cc.  of  the  water 
containing  one  drop  of  phenolphthalein. 

The  oxidizing  power  of  the  potassium  permanganate  was  established 
by  titrating  samples  of  about  o.  13  g.  each  in  solution  against  standard 
potassium  tetroxalate  solution.  It  was  fotmd  to  have  a  value  of  98.67% 
of  that  required  by  theory. 

^  Satisfying  the  requirements  given  in  Merck,  "Chemical  Reagents,  their  Purity 
and  Tests,"  1914  edition. 
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A  potassium  hydroxide  solution  containing  340.8  g.  per  liter  (i  cc.  » 
0.004  S*  carbon  dioxide)  was  i»-epared  and  kept  in  a  stock  bottle. 

(c)  Apparatus  and  Manipulation. — ^Each  oxidation  which  involved 
the  addition  of  alkali  was  carried  out  as  follows:    The  required  amount 

potassium  hydroxide  solution  was  meastured  into  a  wide-mouth,  2-liter 
balloon  flask,  and  made  up  to  looo  cc.  with  carbon  dioxide-free  water. 
When  the  alkalinity  was  less  than  5.32  g.  per  liter  (t;.  Table  IV)  about 
1 100  cc.  of  solution  was  prepared  and  small  porticHis  were  titrated  against 
standard  sulfuric  add,  to  avoid  any  error  due  to  the  extensive  dilution 
of  a  small  volume  (o.  14  to  8 . 5  cc.)  of  the  potassium  hydroxide  stock  solu- 
tion. 30.404  g.  of  crystallized  potassium  permanganate,  equivalent  to 
30  g.  of  100%  salt,  was  next  introduced,  and  the  flask  immediately  closed 
by  a  rubber  stopper  into  which  was  fitted  a  mercury  sealed  glass  stirrer, 
a  25  cc.  pipet  and  a  piece  of  ordinary  glass  tubing,  for  the  oxidations 
carried  out  at  25®  and  50**.  For  the  series  at  75®  and  100®,  in  addition 
to  the  above,  an  ordinary  condenser  provided  with  a  soda-lime  guard- 
tube  was  attached  through  the  stopper  by  means  of  two  adapter  tubes. 
The  closed  vessel  was  next  clamped  in  position  in  a  bath  which  was  kept 
at  the  desired  temperature 

The  thermostat  bath  was  water  for  the  25®  and  50**  oxidations  and 
paraffin  for  the  75**  and  100**  series.  Heat  was  suppUed  by  a  large  size 
"El  Boilo"  immersion  heater.  The  amount  of  current  flowing  through 
the  heater  was  automatically  controlled  by  means  of  a  mercury-toluene 
r^^uiator  and  a  lamp  rheostat  of  considerable  range.  The  temperature 
was  held  constant  to  within  o.  15**. 

When  the  desired  temperatures  of  the  flask  and  bath  were  reached 
and  with  the  reaction  mixture  constantly  stirred,  9.21%  alcohol  solution 
was  slowly  added  drop  by  drop  from  a  biuret,  loosdy  stoppered  at  the 
upper  end,  attached  to  the  small  glass  tubing,  until  the  reduction  of  the 
permanganate  was  complete.  The  end-point  was  determined  by  draw- 
ing a  portion  of  the  reaction  mixture  into  the  pipet,  where,  after  the  pre- 
cipitated hydrated  oxide  or  oxides  of  manganese  had  settled,  the  ob- 
servations could  be  made.  The  color  desired  before  discontinuing  the  ad- 
dition of  the  alcohol  in  the  case  of  the  alkaline  solutions  was  a  very  pale 
green,  and  in  the  neutral  solutions  was  a  delicate  pink.  This  faint  color 
was  generally  discharged  within  24  hours  through  decomposition  of  the 
oxidizing  agent. 

Approximately  the  same  cxAor  changes  were  observed  by  Chapman 
and  Smith^  in  both  their  alkaline  and  neutral  solutions.  They  stated 
"that  the  alkaline  solution  rapidly  becomes  green,  and  for  a  considerable 
time  no  binoxide  of  manganese  is  deposited,"  while  it  came  down  at  once 
from  the  neutral  solution.    They  made  no  reference  to  the  weak*alkaline 

^  Loc.  cU. 
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solution.  In  solutions  of  high  alkali  concentration  we  found  a  light 
coat  of  the  brown  oxide  of  manganese  on  the  surface  almost  immediately 
following  the  addition  of  the  reducing  agent. 

The  reaction  mixture  after  being  filtered  in  a  carbon  dioxide-free  ap- 
paratus was  made  up  to  2000  cc.  and  analyzed. 

The  2-liter  flask  A  containing  the  oxidation  mixture  was  removed  from 
tiie  thermostat,  placed  on  the  rubber  covered  ring  C  and  connected  up 
as  shown  in  Pig.  i.  On  the  application  of  suction,  and  with  the  pinch- 
damp  P  and  screw-damp  H  dosed,  the  mixture  was  drawn  from  A  into  the 


Fig.  I. 

glass  jar  E.  The  oxide  of  manganese  was  retained  on  the  outside  of  the 
Pukal  filter  G  while  the  filtrate  passed  on  into  the  2-liter  suction  flask.  After 
a  suffident  amount  of  material  had  been  transferred  to  £,  the  damp  P  was 
opened  to  stop  transference.  When  the  filtration  and  washing  were  com- 
plete, damp  H  was  opened  and  water  sudced  into  the  cdl  to  wash  the  in- 
side of  it.  The  plate  glass  cover  D  and  the  vessd  were  ground  and  coated 
with  vaseline  so  as  to  prevent  leakage  of  air  into  the  apparatus.    Several 
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types  of  filters  were  tried,  but  the  tinglazed  cell  was  fotind  to  be  highly 
satisfactory,  as  a  dean  filtration  and  three  washings  were  usually  completed 
within  lo  to  15  minutes.  The  cell  was  cleaned  by  first  removing  the  main 
portion  of  the  precipitate  with  a  steel  spatula,  then  was  sponged  off  and 
finally  treated  with  hydrochloric  add  after  which  water  was  sucked 
through  it  until  the  washings  were  free  from  chlorides.  To  assure  our- 
selves that  no  appreciable  error  was  introduced  due  to  absorption  or  possi- 
ble adsorption  by  the  Pukal  filter,  determinations  were  made  on  a  fil- 
trate containing  the  maximum  amount  of  oxidation  products  obtained 
in  the  experiment. 

(d)  Data* — ^The  results  obtained  from  4  series  carried  out  at  25,  50,  75 
and  100^  are  given  in  Tables  I,  II,  III  and  IV,  respectivdy.  They  are 
also  represented  in  the  form  of  curves  as  found  in  Pigs.  2,  et.  seq.  30.404 
g.  of  potassium  permanganate  was  used  in  each  experiment. 
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Oxidation  IUsxtlts. 


Tabls  I. 

Temperature  —  25 

0 

Matcriftlt 

Found 

.  wiUiDn 

>Der  correction 

twed 

G. 

for  COi  and  X:H^OOH. 

G. 

CnlcttUted  for  4.605  g.  alcohol.    G. 

CoLl.    2. 

Bxpt. 

No.    KOH.< 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

11. 

[^HgOH. 

CO..     (COOH).. 

CH«COOH. 

CO..    ( 

COOH).. 

CHtCOOH.  %  yield. 

1        0.00 

6.37 

0.00 

0.000 

0.00 

8.17 

0.00 

0.000 

5.91 

98.43 

2        5.32 

5.95 

0.581 

0.401 

59.80 

7.03 

0.450 

0.310 

5.44 

99.16 

3      10.65 

5.72 

0.845 

0.869 

49.30 

6.21 

0.680 

0.700 

5.00 

98.78 

4     21.30 

5.30 

1.02 

0.912 

46.94 

5.17 

0.890 

1.05 

4.49 

96.58 

5     42.60 

4.82 

1.08 

1.60 

40.69 

4.44 

1.03 

1.53 

4.24 

99.33 

6     85 . 20 

4.30 

1.22 

2.09 

37.35 

3.60 

1.14 

1.95 

3.86 

98.90 

7    170.4 

3.74 

0.942 

1.71 

35.96 

3.04 

1.16 

2.11 

3.75 

99.09 

8  255.6 

3.85 

0.866 

1. 81 

34.00 

3.18 

1.06 

2.17 

3.80 

99.43 

9  340.8 

3.86 

0.964 

1.75 

36.09 

3.16 

1.15 

2.09 

3.77 
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Materials 
used.    G. 


Table  II. 

Temperature  =  50** 

Pound,  with  proper  correction 
for  COt  and  CHK^OOH.     O. 


Calculated  for  4.605  g.  alcohol.    G. 


Col. 

1.     2. 

3. 

4. 

5. 

6. 

7. 

B. 

9. 

10. 

11. 

nxp«,. 
No.    KOH. 

CsHcOH. 

COt. 

(COOH)t. 

CH.COOH 

COt. 

(COOH)t. 

CHiCOOH. 

%  yield. 

10 

0.00 

6.40 

0.00 

0.00 

0.00 

8.17 

0.00 

0.00 

5.87 

97  76 

II 

5.32 

5 

05 

04 

1.07 

50.00 

4.99 

0 

95 

0.98 

4-55 

97  48 

12 

10.65 

4 

77 

39 

1.64 

46.30 

4.02 

34 

1.58 

3.88 

97  42 

13 

21.30 

4 

37 

45 

1.96 

43.22 

3.33 

53 

2.06 

3.51 

98.74 

14 

42.60 

3 

85 

49 

2.12 

41.71 

2.50 

78 

2.53 

2.99 

98.13 

15 

85.20 

3 

48 

33 

2.15 

38.78 

2.09 

76 

2.84 

2.77 

97.68 

16 

170.4 

3 

35 

32 

2.18 

38.13 

1.96 

81 

3.00 

2.70 

98.89 

17 

255.6 

3 

30 

35 

2.24 

38.12 

1.84 

88 

3.12 

2.57 

98.82 

18 

340.8 

3 

30 

32 

2.10 

38.90 

1.98 

84 

2.93 

2.77 

99  61 

Table  III. 

Temperature  =  75 

0 

Materials 
used.    G 

Pound,  with  proper  correction 
for  COt  and  ChTcOOH.     G. 

4.              5.               6.              7. 

Calculated  for  4.605  g.  alcohol     G. 

eS 

1.     2. 

3. 

B. 

9. 

10. 

11. 

No.  *  KOH.  CiBUOH. 

COt. 

(COOH)t. 

CHiCOOH 

COt. 

(COOH)t. 

CHiCOOH. 

%  yield. 

19 

0.00 

6.38 

0.00 

0.00 

0.00 

8.24 

0.00 

0.00 

5.95 

99." 

20 

5.32 

4  25 

1.38 

2.19 

43.21 

3.22 

1.50 

2.02 

3  49 

97.61 

21 

10.65 

3.97 

1.58 

2.IO 

43  30 

2.60 

1.83 

2.44 

3.02 

98.20 

22 

21.30 

3.62 

1.65 

2.33 

42.01 

2.00 

2.IO 

2.96 

2.54 

99.04 

23 

42.60 

3.20 

1.65 

2.40 

41.35 

1.46 

2.38 

3.45 

2.IO 

100.34 

24 

85.20 

3.03 

1.63 

2.41 

40.84 

1. 19 

2.47 

3.66 

1. 81 

98.89 

25 

170.4 

2.93 

1.65 

2.34 

41.80 

1.09 

2.59 

3.68 

1. 71 

98.80 

26 

255-6 

2.95 

I  57 

2.38 

40.20 

1. 17 

2.45 

.  3.71 

1.83 

99.46 

27 

340.8 

2.88 

1.58 

2.28 

41.39 

1. 11 

2.52 

3.64 

1.78 

98.72 

Table  IV. 

Temperature  =  100**. 

Materials 
used.    G. 

Pound,  with  proper  correction 
for  COt  and  CHiCOOH.     G. 

Calculated  for  4.605  g.  alcohol.    G. 

Cd.l.     2.  3. 

Ezpt. 
No.    KOH.  CtHiOH. 

28  0.00     6.22 

29  0.415  6.18 

30  0.461   6.09 

31  0.530  6.00 

32  0.662  5.81 

33  0.863  5.65 

34  2.66    4.14 

35  5.32     3.54 

36  10.65  3.22 

37  21.30  2.97 

38  42.60  2.75 

39  85.20  2.72 

40  170.4       2.64 

41  255.6     .2.57 

42  340.8       2.58 


4. 


5. 


COt.  (COOHt). 
0.00  0.000 
0.00  0.000 
0.172     0.034 

Undetd.  0.052 
0.504    0.341 


0.981 
1.20 
33 
52 
64 
69 
78 
1. 81 

1.77 
1.98 


0.767 

1.99 

2.21 

2.32 

2.39 

2.36 

2.47 

2.45 

2.39 

2.23 


6.  7. 

CHiCOOH. 
0.00  8.12 
8.02 
7.79 
7.43 
6.96 
6.14 
3.20 
2.19 
1.63 
1. 17 
0.86 
0.685 

0.539 
0.508 

0.515 


COt.    (COOH)t. 
0.00       0.000 


0.00 
83.95 

60.23 
56.65 
38.00 
38.13 
40.00 
41.30 
42.20 
42.30 
43.02 
43.04 
47.53 


0.00 
0.130 

0.400 
0.800 
1. 33 
1.73 
2.17 

2.55 
2.83 
3.01 
3.16 
3.17 
3.54 


0.000 
0.026 
0.040 
0.270 
0.625 
2.21 
2.87 
3.32 
71 
96 
19 
28 

29 


3.99 


10. 

CHiCOOH. 
6.00 
5.98 
5.89 
5.70 
552 
5.00 
3.56 
2.85 
2.33 
1. 81 
1.44 
1. 16 
0.940 
0.910 
0.920 


11. 
%  yield. 
99.91 
99.59 
99  87 

99.46 

99.30 

98.96 

99.0a 

100.37 

100.34 

100.14 

100.08 

99.13 

98.85 

99  89 
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Discussion. 
Fig.  2  shows  the  nnmher  of  grams  of  absolute  alcohol  required  to  re- 
duce a  constant  weight  of  potassium  permanganate  at  the  4  different 
temperatures  and  with   increasing  initial  concentrations  of  the  alkali. 
Beyond  an  alkalinity  of  about  100  g.  (cf.  Pig.  10)  per  liter  of  water,  an  in- 
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crease  in  the  initial  concentration  of  the  potassium  hydroxide  had  little 
further  effect  on  the  amotmt  of  alcoholTnecessary  to  reduce  the  potassium 
permanganate  completely.  The  curves|showing^the  amounts  of  the  oxida- 
tion products  in  Figs.  3,  4,  5  and36jareJplotted  on  the  basis  of  a  constant 
quantity  of  alcohol  (4.605  g.  or  o.  i  molecule).    Figs.  7,  8  and  9  show  the 
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acetic,  oxalic  and  carbonic  acid  curves  for  the  4  temperatures,  respectively, 
and  are  represented  on  the  same  basis. 

(a)  Oxidation  Products. — In  the  neutral  reactions,  acetic  add  was 
the  only  substance  found  in  quantities  estimable  by  the  common  anal- 
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ytical  methods.  Chapman  and  Smith^  oxidized  alcohol  with  alkaline 
potassium  permanganate  and  obtained  acetic  aldehyde,  acetic  add, 
"together  with  various  other  bodies  and  oxalic  add."  The  difference  in 
our  experiments  between  the  yields  of  alcohol  as  accounted  for  in  the  form 
of  oxidation  products  and  100%  might,  in  some  cases,  be  construed  as 
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240 


"various  other  bodies."  The  Jones  test  did  not  indicate  any  formic  add 
or  formaldehyde.  For  a  number  of  years  the  purity  of  alcohol  has  been 
determined  by  its  oxidation  to  acetic  add  by  means  of  a  chromic  add 
mixture.^ 

Dr.  Homer  B.  Adkins  and  one  of  us  have  shown  that  acetaldehyde  is 
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readily  oxidized  under  the  conditions  used  in  this  research.  Hence,  the 
amount  of  acetaldehyde,  if  present,  must  have  been  small.  If  other  sub- 
stances than  acetic  add  were  present,  the  amoimts  were  too  small  to  al- 
low detection.     Denis*  obtained  only  acetic  add  in  her  experiments. 

*  hoc,  cU, 

'  Chapman  and  Thorp,  J.  Chem.  Soc.,  19,  482-3  (1866), 

»  Am,  Chem,  J.,  38,  564,  569-571  (1910). 


Digitized  by 


GooQle 


THB  OXIDATION  OF  ETHYI.  AUX)HOI*. 


1277 


It  is  interesting  to  note  that  when  Voisenet*  oxidized  alcohol  with  the 
oxides  of  nitrogen,  he  obtained  formaldehyde  as  a  product  of  the  reac- 
tion. 

The  yields  of  alcohol  accounted  for  as  oxidation  products  (Col.  11, 
Tables  I,  II,  III  and  IV)  are  between  97.42  and  100.37%.  ^^  general, 
the  yields  of  the  100®  experiments  came  nearer  totalling  100%  than  any 
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Fig.  7. 

of  the  others.  This  does  not  necessarily  mean  that  the  100  *"  results 
should  be  accorded  greater  weight  than  the  others.  The  low  yield  may 
have  been  due  to  incomplete  oxidation  or  loss  of  the  alcohol  itself  by 
evaporaticm  from  our  reagent  bottle.  The  latter  is  hardly  possible  be- 
cause specific-gravity  determinations  of  the  alcoholic  solution  were  made 
about  every  5  days  and  at  no  time  was  there  a  diflference  of  more  than 


345 


one  or  two  in  the  fointh  place.  At  the  temperature  of  75®  and  100**, 
it  was  thought  that  there  might  be  a  slow  but  appreciable  evaporation 
of  alcohol  while  the  drops  were  travelling  from  the  end  of  the  dropping 
tube  to  the  oxidation  mixture  (a  distance  of  8-10  cm.).  To  check  up  this 
possibility,  the  dropping  tube  was  extended  below  the  surface  of  the  mix- 
»  Compi.  rend,,  150,  40-43  (1910). 
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ture  in  the  flask  after  which  the  repetition  of  all  of  the  75^  series,  and  the 
last  5  of  the  100^  series,  showed  Httle  or  no  difference  in  the  amount  of 
alcohol  required  for  complete  reaction  from  that  used  when  the  tube  was 
of  the  shorter  length. 

Carbon  Dioxide. — Only  a  trace  was  found  in  all  our  neutral  experi- 
ments, and  this  was  tmdoubtedly  due  to  the  unavoidable  absorption  of 
atmospheric  carbon  dioxide.^    A  correction  for  the  carbon  dioxide  con- 
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Fig.  9. 

tent  of  the  reagents  was  always  made.  Test  experiments  showed  that 
the  mercury  seals  on  the  stirrers  were  eflfective  in  preventing  the  circula- 
tion of  the  air. 

The  formation  of  carbon  dioxide  in  the  alkaline  experiments  might  be 
attributed  to  the  following  causes:  (i)  oxidation  of  acetates  or  (2)  formates 
formed  in  the  reaction;  (3)  decomposition  of  the  oxalates  formed  and  sub- 
sequent oxidation;  (4)  oxidation  of  the  intermediate  compounds  arising 
from  the  dissociation  of  the  oxidation  products  of  alcohol.  That  the 
presence  of  carbon  dioxide  cannot  be  due  to  the  decomposition  of  the 
acetates  is  abundantiy  borne  out  by  the  many  instances  in  the  literature 
of  the  stability  of  acetates  in  alkaline  potassium  permanganate  sdutions. 
Chapman  and  Smith  found  that  oxalates  were  also  totally  unaffected  in 
boiling  solutions  of  potassium  hydroxide  and  potassium  permanganate. 
Hence,  the  presence  of  the  carbon  dioxide  cannot  be  due  to  any  action 
between  the  acetates  and  oxalates  and  the  alkaline  potassium  perman- 
ganate. Therefore,  possibiUties  (i)  and  (3)  are  rigidly  excluded.*  The 
presence  of  carbon  dioxide  might  be  due  to  the  intermediate  formation 
of  formates,  as  indicated  by  the  work  of  Truchot,*  who  showed  that  formic 
acid  is  converted  quantitatively  into  carbon  dioxide  in  alkaline  potassium 
permanganate  solutions.  Heimrod  and  Levene*  explained  the  oxidation 
of  acetaldehyde  in  alkaline  solutions  on  the  groimd  that  formic  add  is 
one  of  the  reaction  products.  In  view  of  the  above  facts,  if  formic  acid 
is  considered  as  an  intermediate  reaction  product,  it  must  be  the  decom- 

^  Cf.  Denis,  Am.  Chem.  J.,  38,  564,  571  (1907). 

*  Evans  and  Witzemann,  Tms  Journai,,  34,  1096  (19 12). 

*  Compt.  rend.,  63,  274  (1866). 

*  Biochtm.  Z.,  29,  49  (1910). 
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position  product  of  a  substance  obtained  from  the  acetaldehyde  formed  in 
the  reaction.  It  will  be  shown  below  that  it  is  not  absolutely  essential 
to  postulate  the  formation  of  formic  add  in  order  to  account  for  the  pres- 
ence of  carbon  dioxide. 

Oxalic  Acid. — ^When  the  oxidations,  with  the  exception  of  Bxpt.  30, 
were  carried  on  in  the  presence  of  various  initial  concentrations  of  potas- 
simn  hydroxide,  oxaUc  and  carbonic  adds  were  formed  with  the  acetic. 
Similar  observations  were  made  by  Evans  and  Witzemann^  in  their  ex- 
periments on  the  oxidation  of  propylene  glycol,  lactic  add,  and  p3rruvic 
add  by  means  of  alkaline  potassium  permanganate.  Cochenhausen* 
also  made  similar  observations  in  his  work  on  the  oxidation  of  acetone. 
Denis'  found  that  acetic,  oxalic  and  carbonic  adds  were  the  reaction 
products  when  alcohol  is  oxidized  with  alkaline  potassium  permanganate, 
a  t3rpe  of  reaction  which,  in  the  present  work,  we  have  studied  under  defin- 
itely chosen  conditions.^  The  amounts  of  the  oxalic,  carbonic  and  acetic 
adds  obtained  in  the  oxidation  of  ethyl  alcohol  at  50^  have  been  expressed 
in  our  preliminary  report  as  functions  of  the  initial  concentration  of  the 
alkali  employed.  In  a  recent  study  of  the  oxidation  of  acetone  by  means 
of  alkaline  potassium  permanganate,  Witzemann^  has  expressed  his  re- 
sults in  a  somewhat  similar  manner. 

The  formation  of  the  oxalic  add  may  be  due  to  the  following  possible 
causes:  (5)  oxidation  of  any  acetates  or  (6)  formates  formed  in  the  reac- 
tion; (7)  oxidation  of  intermediate  compounds  formed  from  acetaldehyde. 
Denis*  studied  the  effect  of  an  excess  of  potassium  permanganate  on  acetic 
add  in  the  presence  of  potassium  hydroxide  at  100^,  and  found  that  no 
reduction  took  place.  Wankl3ai  and  Cooper,^  on  heating  acetates  with 
a  considerable  excess  of  alkaline  potassium  permanganate  at  a  tempera- 
ture of  160-180^  in  the  presence  of  manganese  dioxide,  obtained  potas- 
situn  carbonate.  When  manganese  dioxide  was  not  added,  oxygen  was 
evolved.  Barendrecht*  did  not  detect  any  reaction  between  boiling 
strongly  alkaline  permanganate  and  acetic  add.  Sodium  acetate,  ac- 
cording to  Lossen,*  was  partially  converted  into  sodium  oxalate  when 
heated  with  sodium  hydroxide,  potassium  permanganate  and  a  small 
amount  of  water.  Truchot*  made  the  observation  that  potassium  per- 
manganate had  no  effect  on  acetic  add  in  the  presence  of  potassium 

1  Tms  Journal,  349 1086  (1912). 

<  /.  prakt.  Chem.,  [a]  58,  454  (1898). 

•Loc.oU. 

« See  Tms  Joubnal,  381 377  (1916). 

•/»itf.,  39»2663  (1917). 

*  Am,  Chem,  /.,  381  564  (1910). 

» PhU.  Mag.,  [5I  7f  138-140  (1879). 

•  Ann.,  148, 174-^  (1869). 
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hydroxide.  These  facts  indicate  that  oxalic  add  is  not  formed  by  the 
oxidation  of  acetic  add. 

Two  drops  of  0.089  iV  potassium  permanganate  solution  were  re- 
quired to  give  a  slight  permanent  color  to  the  acetic  add  distillate  when 
it  had  previously  been  made  alkaline  with  sodium  carbonate,  indicating 
the  absence  of  formic  add.  A  blank  containing  the  same  amounts  of 
acetic  add  and  sodium  carbonate  needed  but  one  drop  to  give  a  color  of 
the  same  intensity.  Had  formic  add  been  one  of  the  intermediate  reac- 
tion products,  it  would  have  been  immediately  oxidized  to  carbon  di- 
oxide as  shown  above.  Hence  oxalic  add  is  not  formed  by  the  oxida- 
tion of  formic  add.  It  is  true,  however,  that  formic  add  has  been  oxi- 
dized to  oxalic  add  by  means  of  nitric  add.^ 

It  is  apparent,  therefore,  that  the  oxalic  add  is  formed  in  alkaline 
solution  from  the  reaction  compound  of  acetaldehyde.'  On  the  basis 
of  this  research  and  those  of  other  investigators,  this  explanation  must 
be  accepted  as  the  correct  one. 

Nef*  and  Denis*  assume  that  the  course  of  the  reaction  is  as  follows: 
Alcohol  is  dissodated  into  ethylidene  and  water. 

CH,.CH,OH  ^  CH,.CH<r     +  HOH; 

the  ethylidene  is  oxidized  to  ethylidene  dihydroxide, 

CHi.CH<r     +  2HO  — *-  CH|.CH(OH)»  —*■  CH|.CHO  +  H,0. 

McLeod*  has  shown  that  acetaldehyde  is  converted  into  vinyl  alco- 
hol in  the  presence  of  alkali  of  a  concentration  of  o.  io%  or  more;  that  is, 
the  carbonyl  group  is  enolized, 

CH,.CHO  — >►  CH,  =  CHOH; 
the  vinyl  alcohol  is  then  converted  to  glycollic  aldehyde, 
CH«  =  CHOH  +  2HO  — »►  CH«OH.CH(OH),  —*-  CHjOH-CHO  +  H»0. 
The  glycollic  aldehyde  then  undergoes  a  dissociation  as  expressed  by  the 
following: 

^NcHOH+CHiO  — >  2H.COOH  — »►  2C0,+2HrfD  (o) 

CHjOH.CHOC 


^>CH.. 


CHO  +  H,0  — >  CHO.CHO  — >  (COOH)t    (6). 

»  Weyl,  Ber.,  17,  9  (1883). 

*  Homer  Adkins  and  one  of  us  have  completed  work  on  acetaldehyde  which  we 
hope  to  publish  in  the  near  future. 

»  Ann.,  398,  315,  319  (1897). 

*  Am,  Chem.  /.,  38,  563-7  (1907)- 
» Ibid.,  37f  25  (1907). 
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Sudi  an  interpretation  would  readily  explain  the  presence  of  both  oxalic 
and  carbonic  adds  in  alkaline  solutions.  It  has  been  shown  by  Adkins 
and  one  of  us  that  in  alkaline  solutions  of  potassium  permanganate  glyoxal 
is  oxidized  to  both  oxalic  add  and  carbonic  add»  hence  possibilily  (a)  is  not 
really  essential  for  an  understanding  of  these  reactions.  As  is  well  known, 
the  1,2-diketo  compounds^  can  readily  undergo  the  benzilic  add  rearrange- 
ment as  follows: 

H  —  CO  Hv 

>C0  (c) 

H  — CO 

then  in  the  presence  of  alkali, 
Hs 


]>-^])^ 


>0  +     >C0  +  KOH  — >  CH,OH.COOK.  (i) 

which  compound,  as  has  been  shown  by  Adkins  and  one  of  us,  is  oxidized 
to  oxalic  add  and  carbon  dioxide  by  alkaline  potassium  permanganate. 
That  glyoxal  is  converted  to  glycollic  add  in  cold  alkalies  is  a  well  known 
fact.  This  reaction  is  analogous  to  the  conversion  of  p)rruvic  aldehyde 
into  lactic  add  in  alkaline  solutions.  Heimrod  and  Levene*  give  the  fol- 
lowing steps  for  the  oxidation  of  acetaldehyde  in  alkaline  solution:  acet- 
aldehyde  — ►  vinyl  alcohol  — >  glycoUic  aldehyde  — >  glyoxal  — > 
fonnic  add  and  oxalic  add.  In  view  of*  these  facts  it  is  apparent  that 
the  presence  of  formic  acid  does  not  necessarily  explain  the  presence  of 
carbon  dioxide  in  these  reactions. 

In  this  connection  it  is  interesting  to  note  that  in  the  experiment  of 
Denis*  cm  the  oxidation  of  ethyl  alcohol  in  alkaline  potassium  perman- 
ganate solution,  the  ratio  of  the  alcoholic  equivalent  of  carbon  dioxide  to 
that  of  oxalic  add  is  as  12.6%:  7.6%,  t.  e.,  the  alcoholic  equivalent  of 
carbon  dioxide  is  62.5%  of  the  total  as  carbon  dioxide  and  oxalic  add. 
In  the  oxidation  of  acetaldehyde  under  approximatdy  the  same  condi- 
tions the  ratio  of  the  acetaldehyde  equivalent  of  carbon  dioxide  to  that  of 
oxalic  add  is  as  17%:  9.2%  or  the  acetaldehyde  equivalent  of  carbon 
dioxide  is  64%  of  the  total  as  carbon  dioxide  and  oxalic  add.  Col.  6  in 
the  ^'Oxidation  Results,"  gives  similar  information  for  our  work  on  alcohol. 

(&)  Effect  of  Variation  of  Initial  Concentration  of  Alkali.— This  effect 
on  the  character  of  the  oxidation  products  at  25,  50,  75  and  100 **  is 
shown  in  Figs,  3,  4,  5  and  6,  respectively.  In  general,  an  increase  in  the 
initial  concentration  of  the  alkali  causes  an  increase  in  the  oxalic  add  and 
carbon  dioxide  production,  and  a  decrease  in  the  acetic  add  production. 
An  examination  of  the  curves  shows  that  the  3ddds  of  these  adds  reach 
approximatdy  a  constant  value  for  a  given  temperature  when  the  initial 
1  Cf.  Am,  Ckem.  J„  35,  116  (1906). 
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concentration  of  the  alkali  is  about  loo  g.  per  liter.  The  lowest  initial 
concentration  of  potassium  hydroxide  employed  at  25,  50  and  75®  was 
5.3  g.  per  liter.  At  this  concentration  oxalic  add  and  carbon  dioxide 
were  found  at  all  3  temperatures.  At  100**  the  lowest  possible  initial 
concentration  of  alkali  necessary  for  the  production  of  oxalic  add  in  ap- 
preciable amounts  was  found  to  lie  between  0.415  and  0.461  g.  of  potas- 
sium hydroxide  (Expts.  29  and  30). 

In  Pig.  10  the  logarithms  of  the  acetic  add  production  are  plotted 
against  the  logarithms  of  the  initial  concentration  of  the  potassitun  hy- 
droxide.   The  general  equation  for  these  lines  is 

B 

where  y  is  the  concentration  of  the  acetic  add  obtained,  x  is  the  initial 
concentration  of  the  potassium  hydroxide,  a  is  the  tangent  of  the  line  and 
£  is  a  constant.    The  values  of  a  given  bdow  were  obtained  directly  from 
Fig.  10  by  measurement.    To  derive  B  we  may  use  the  equation 
log  y  =  log  B  —  a\ogx\  thus, 

Temperature.  B.                                          a, 

25**  6.74  0.1327 

50°  6.20  0.1839 

75**  #   5.41  0.2459 

100°  4.74  0.3084 

Knowing  the  values  of  B  and  a»  it  is  easy  to  calculate  the  maximum  alkali 
concentration  which  will  still  give  the  theoretical  yidd  of  acetic  add.  This 
value  was  found  to  be  as  follows: 

Temper«ture.  AlkaH  concentration 

25**  2.55 

50**  1 .  19 

75**  0.655 

100**  0.460 

As  noted  above,  we  found  that  the  value  at  100^  must  lie  between  0.415 
and  0.461  g.,  while  otu*  calculation  shows  that  the  amount  of  alkali  is 
0.46  g.  These  values  mean  that  at  any  concentration  of  alkali  greater 
than  those  given,  acetic  add  production  will  diminish  and  oxalic  add  and 
carbon  dioxide  will  begin  to  form.^  It  is  therefore  to  be  conduded  that 
one  of  the  marked  effects  of  an  increase  in  the  alkali  concentration  must 
be  to  increase  the  concentration  of  vinyl  alcohol. 

It  is  evident  that  the  results  of  any  two  oxidations  at  a  given  tempera- 
ture will  afford  a  means  of  obtaining  both  the  value  of  a  and  the  maximum 
alkali  concentrations  that  may  be  used  in  obtaining  the  theoretical  yidd 
of  acetic  add.  If  y'  and  x'  are  the  data  obtained  in  a  second  oxidation, 
y  the  theoretical  yidd  (i.  ^.,  6.003  %-  of  acetic  add),  then  x^  the  alkali  con- 
centration, may  be  calculated  from  the  following  equations: 
»  McLeod,  Am.  Chem.  /.,  37,  24  (1907). 
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log  y  —  log  y'  ^  a  (log  x'  —  log  x) 


or 

log  y  —  log  y'  —  a  log  x' 


log*. 


(c)  Effect  of  Temperature. — It  was  found  that  the  temperature  also 
has  a  twofold  effect  in  these  oxidations;  namely »  to  increase  the  speed 
of  the  oxidation,  and  to  modify  the  character  of  the  reaction  products. 
The  general  effect  of  temperature  on  the  production  of  acetic,  oxalic  and 
carbonic  adds,  is  shown  in  Figs.  7,  8  and  9,  which  shows  that  the  acetic 
add  production  falls  off  rapidly  with  the  temperature  while  that  of  oxalic 
and  carbonic  adds  increases  with  the  temperature. 

The  fact  that  less  alcohol  was  required  for  complete  reduction  at  100** 
(exduding  neutral  solution)  than  at  the  lower  temperatures,  means  that 
more  permanganate  would  have  been  required  for  the  same  amoimt  of 
alcohol.  In  other  words,  the  quantitative  conversion  of  alcohol  into  oxalic 
and  carbonic  adds  becomes  more  nearly  complete  at  higher  tempera- 
tures and  in  the  presence  of  more  of  the  oxidizing  agent.  Barendrecht 
employed  a  temperature  of  approximatdy  100**  for  his  work.  Kastle 
and  Loevenhart  found  that  an  increase  in  temperature  accderated  the  re- 
action between  formaldehyde  and  hydrogen  peroxide. 

Hetper^  states  that  when  ethyl  alcohol  is  oxidized  with  alkaline  potas- 
sium permanganate,  the  temperature  requisite  for  a  theoretical  yidd  of 
acetic  add  must  be  bdow  o^.  This  conclusion  is  not  warranted,  as  can 
be  seen  from  the  discussion  of  Fig.  10,  where  it  is  shown  that  acetic  add  is 
the  only  product  formed  with  low  potassium  hydroxide  concentrations. 


Fig.  10. 

In  Fig.  1 1  the  tangents  of  the  acetic  add  log  curves  are  plotted  against 
temperature.  A  straight  line  passed  through  the  4  points  cuts  the  V-axis 
at  a  point  near  — 25**,  At  this  temperature  the  slope  of  the  acetic  add 
curve  is  zero.  If,  e,  g.,  x  =  300  when  a  =  o,  by  substitution  in  log  B  =  log 
y  -f-  a  log  x^  the  last  term  becomes  zero,  and  B  =  y  ^  6.003,  which'is 
the  theoretical  yidd  in  g.  of  acetic  add  from  4 .  604  g.  ethyl  alcohol.    This 

*  Z.  anal,  Chem.,  51,  415  (1912). 


Digitized  by 


GooQle 


1284 


WILUAM  LLOYD  EVANS  AND  JBSSQ  B.  DAY. 


means  that  at  the  temperature  indicated  by  the  intersection  of  the  line 
of  tangents  and  the  F-axis  the  concentration  of  the  alkali  does  not  affect 
the  theoretical  3deld  of  acetic  add. 
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Fig.  II. 

It  has  been  repeatedly  observed  in  these  experiments  that  the  rate  of 
adding  the  alcoholic  solution  had  no  appreciable  influence  on  the  rela- 
tive quantities  of  the  oxidation  products. 

Summary. 

1.  In  neutral  aqueous  solutions  of  potassium  permanganate  at  tempera- 
tures of  25,  50,  75  and  100^,  the  sole  reaction  product  of  the  oxidation  of 
ethyl  alcohol  is  acetic  add. 

2.  (a)  When  ethyl  alcohol  isoxidized  at  the  temperature  of  25,  50  and 
75^  by  means  of  alkaline  potassium  permanganate  solution  contain- 
ing 5.32  to  340.8  g.  potassium  hydroxide  per  liter,  the  reaction  products 
are  acetic,  oxalic  and  carbonic  adds;  (b)  when  ethyl  alcohol  is  oxidized 
at  100^  by  means  of  potassium  permanganate  in  the  presence  of  0.415 
g.  potassium  hydroxide  per  liter  of  solution,  the  product  is  still  acetic 
add,  but  when  the  alkalinity  was  from  0.461  to  340.8  g.  per  liter,  oxalic 
and  carbonic  adds  were  present  in  addition  to  the  acetic  add. 

3.  The  oxidation  of  ethyl  alcohol  by  means  of  alkaline  {v.  Smnmary 
No.  2)  potassium  permanganate  at  the  above  temperatures  is  accom- 
panied by  a  diminution  in  the  jdeld  of  acetic  add  and  a  corresponding 
increase  in  the  yield  of  oxalic  add  and  carbonic  adds  as  the  concentra- 
tion of  the  alkali  was  increased  up  to  the  beginning  of  the  maximum  effect. 

4..  (a)  An  increase  in  the  temperature  of  the  alkaline  reaction  mix- 
ture (exduding  Expt.  29)  diminishes  the  yield  of  acetic  add  propor- 
tionatdy;  (6)  an  increase  in  the  temperature  of  the  alkaline  reaction  mix- 
ture (exduding  Expt.  29)  increases  the  3deld  of  oxalic  and  carbonic  adds 
proportionatdy. 

5.  An  increase  in  the  temperature  of  the  reaction  mixture  hastens  the 
rate  of  oxidation. 
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6.  An  increase  in  the  alkalinity  of  the  reaction  mixture,  ttp  to  a  certain 
maximum  amount,  increases  the  rate  of  oxidation. 

7.  A  comparison  between  the  results  of  two  expmments  recorded  by 
Denis  is  given. 

8.  The  rate  of  the  addition  of  the  alcoholic  solution  has  no  effect  on 
the  relative  amounts  of  the  oxidation  products  so  far  as  could  be  ascer- 
tained. 

9.  An  equation  has  been  devdoped  for  the  relationship  between  the 
acetic  add  production  and  the  initial  concentration  of  tiie  alkali  used 
when  alcohol  is  oxidized  at  a  given  temperature  in  the  presence  of  potas- 
sium hydroxide. 

10.  By  means  of  this  equation  it  is  easy  to  establish  the  upper  limit 
of  the  alkali  concentration  permitted  and  still  obtain  a  theoretical  yidd 
of  acetic  add,  i.  e.,  the  lower  limit  of  alkali  concentration  at  which  oxalic 
add  forms. 

1 1.  By  means  of  this  equation  it  can  be  shown  that  at  — 25**  the  magni- 
tude of  the  initial  concentration  of  the  potassium  hydroxide  used  would 
not  affect  a  quantitative  yidd  of  acetic  add. 

12.  An  apparatus  has  been  described  for  the  filtering  of  sludge  predpi- 
tates  in  the  absence  of  the  carbon  dioxide  of  the  air. 

Columbus,  Ohio. 


[Contribution  from  tbb  Chbmicai^  Rbsbarch  Laboratory,  Tab  Upjohn  Company.] 

THE  YELLOW  COLORING  SUBSTANCES  OF  RAGWEED  POLLEN. 

By  Frbdbrick  W.  Hbyl. 

Received  May  26,  1919. 

These  coloring  substances  belong  to  the  flavonols  and  are  entirely  gluco- 
sidic.  They  are  extracted  with  alcohol;  and  after  preparing  an  aqueous 
solution  from  this  alcoholic  extract  a  complete  precipitation  may  be  se- 
cured with  basic  lead  acetate.  The  yield  amoimts  to  about  7.0  g.  from 
II 50  g.  pollen  or  approximately  0.6%. 

The  least  soluble  of  these  was  identified  as  a  querdtin  glucoside  hav- 
ing the  composition  CuHjoOu  and  melting  at  228-9®.  The  only  sugar 
obtained  upon  hydrolysis  was  glucose.  It  is  therefore  isomeric  with, 
and  differs  from,  querdmeritrin  and  isoquerdtrin,  which  were  first  isolated 
by  A.  G.  Perkin^  from  the  flowers  of  Gossypium  herbaceunt.  These  mdt, 
respectivdy,  at  247-249 ^^  and  217-219®.  One  other  isomer  is  known, 
having  been  isolated  by  Rogerson*  from  the  flowers  of  Trifolium  incama" 
turn.  Incamatin  mdts  at  242-245®.  The  most  characteristic  behavior 
of  pollen  querdtin  glucoside  on  mdting  is  the  sharp  formation  of  a  cherry- 
»  7.  Chem.  Soc.,  95,  2181  (1909);  Viehoever,  Chemofif  and  Johns,  C.  A.,  12,  1562 

(1918). 

*  /.  Chem.  Soc.,  97,  1008  (1910). 
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red  oil  at  the  mdting  point,  a  peculiarity  not  noted  with  any  of  the  above 
mentioned  isomers. 

The  more  soluble  fractions  of  the  mixed  glucosides  contained  a  glucoside 
of  isorhamnetin.  This  fraction  yielded  magnificent  aystals  of  hexagonal 
prisms,  but  these  were  extremely  soluble;  2-3  cc.  of  warm  water  dissolv- 
ing a  gram  or  more  and  yielding  a  thick  unfilterable  aystalline  mush. 
Upon  hydroljrsis  it  gave  isorhamnetin,  CwHuOt,  a  monomethyl  deriva- 
tive of  querdtin,  and  )delded  the  characteristic  beautifully  crystalline 
tetraacetyl-isorhamnetin  melting  at  197-200®.  This  substance  has 
been  previously  isolated^  from  the  flowers  of  Cheiranthus  cheiri  and  from 
red  clover  flowers.*  The  glucoside  of  isorhamnetin  appears  to  predomi- 
nate. 

Experimental  Part. 

Ragweed  pollen  (approximately  1150  g.)  which  had  been  percolated 
with  ether  to  remove  fat,  was  percolated  with  alcohol  (94%-98%)  until 
the  percolate  was  almost  free  from  color.  After  Hiotillitig  off  most  of  the 
alcohol  under  diminished  pressure  this  extract  was  mixed  with  distilled 
water  and  the  resin  that  separated  was  removed.  The  aqueous  liquor 
was  extracted  with  ether  and  the  coloring  substances  were  fractionally 
precipitated  by  3  additions  of  basic  lead  acetate  solution,  the  yellow  pre- 
cipitates being  removed  on  a  Biichner  filter,  washed  with  water,  and  de- 
composed with  hydrogen  sulfide,  yielding  3  fractions. 

On  concentrating  Fraction  I  (50  cc.)  and  cooling,  a  substance  separated 
in  yellow  globules.  This  material  was  dissolved  in  a  mixture  of  pyridine 
and  water  (1:3)  but  no  satisfactory  crystallization  resulted;  on  heating 
and  adding  an  equal  volume  of  glacial  acetic  add  the  substance  separated 
in  a  crystalline  condition  having  the  appearance  of  wheat.  It  was  very 
impure,  sintering  bdow  170**,  becoming  soft  at  185®  and  having  completely 
decomposed  to  a  red  foam  at  about  195®.  It  was  insoluble  in  etiier  or 
toluene,  but  dissolved  in  boiling  nitrobenzene,  failing  to  crystallize  satis- 
factorily. It  was  piuified  by  boiling  with  water,  to  which  pyridine  was 
added  drop  by  drop  until  solution  was  effected  and  then  collecting  the 
aystals  (light  yellow  needles)  which  separated  from  the  hot  solution. 
The  melting  point  was  raised  as  follows:  212-220^  224®,  223-5**,  ^^^ 
224-6**,  to  a  red  oil.    Yield  (0.12  g.). 

Subs,  dried  in  vacuum  at  130®  0.1174:  Cd,  0.2322;  HiO,  0.0466. 
Calc.  for  CnHioOjj:  C,  54.3;  H,  4.3.    Found:  C,  53-95;  H,  4.45. 

The  original  aqueous  solution  from  which  the  crude  glucoside  separated 
could  be  concentrated  to  a  syrup  without  fiuHier  crystallization.  It 
contained  a  mixture  of  extremely  soluble  tmaystallizable  glucosides. 
This  S3rrup  was  taken  up  with  5%  sulfuric  add  and  heated  upon  the  steam 

1  A.  G.  Perkin,  /.  Chem,  Soc,  69,  1658  (1896). 

*  Power  and  Salway,  Ibid.,  97,  245  (1910). 
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bath  until  the  separation  of  insoluble  yellow  substance  was  complete. 
This»  when  filtered  off  on  a  gooch  crucible^  weighed  i  .097  g.  It  was  dis- 
colored. It  was  redissolved  in  ammonium  hydroxide  solution  and  re- 
precipitated  with  hydrochloric  add.  The  precipitate  was  dissolved  as 
far  as  possible  in  ether,  and  the  ether  solution  was  extracted  with  water, 
ammonium  carbonate,  and  then  with  potassium  carbonate,  which  took 
out  a  considerable  part  of  the  material  in  a  deep  orange  colored  solution. 
The  last  mentioned  extract  was  acidified  and  the  yeUow  precipitate  fil- 
tered off  on  suction  and  washed  with  water.  It  melted  with  decomposi- 
tion at  286°.  It  was  recrystallized  with  dilute  alcohoP  from  which  it 
separated  in  microscopic  crystals  melting  at  281-286®  (C  58.3,  H  3.75). 
The  remainder  was  acetylated  and  the  colorless  acetyl  derivative  obtained 
proved  to  be  comparatively  soluble,  most  of  it  remaining  in  the  mother 
liquor  as  a  syrup.  The  crystalline  part  (0.05  g.)  softened  at  144®  and 
melted  at  148-149®.  Upon  recrystallization  it  softened  at  146®  and 
melted  at  1 49-151®.  The  yellow  substance  therefore  is  not  querdtin 
but  a  mixture. 

The  yellow  hydrolytic  deavage  products  having  been  filtered  off,  the 
filtrate  after  darifying  with  lead  subacetate  showed  the  presence  of  o.  534 
g.  glucose  by  the  Munson-Walker  process.  The  phenylglucosazone  mdted 
at  203-4®  and  pentose  sugars  were  absent,  it  being  impossible  to  obtain 
even  a  trace  of  phlorogludde  by  the  quantitative  procedure. 

Upon  concentrating  the  filtrate  from  the  lead  sulfide  after  decom- 
posing the  second  lead  sah  two  crystalline  deposits  A  and  B,  consisting 
chiefly  of  ydlow  globules,  were  obtained.  A  (i.i  g.),  was  repeatedly 
recrystallized  from  water  but  the  mdting  point  remained  170-211®. 
B  (i  .0  g.),  when  fractionally  aystallized  from  water,  gave  a  small  crop 
of  needles  of  the  glucoside  mdting  at  221-224®,  but  from  the  mother 
liquors  material  similar  to  A  separated.  By  crystallization  from  water 
and  pyridine  a  small  yidd  of  pure  yellow  glucoside  (0.3  g.)  mdting  at 
222-5®  was  obtained  from  A,  and  B  yielded  the  same  product,  m.  p. 
228-^®. 

The  glucoside  here  obtained  was  hydroly zed  with  unsatisfactory  results : 

0.2733  g.  was  heated  cm  the  steam  bath  with  dilute  alcohol  in  a  covered 
beaker  in  the  presence  of  approximatdy  5%  sulfuric  add,  and  with  the 
occasional  addition  of  alcohol.  The  solution  was  then  concentrated  and 
alcohol  completely  removed,  several  additions  of  water  being  made  to 
keep  the  volume  constant.  After  standing  overnight,  0.1579  g.  yellow 
deavage  product  was  filtered  off  on  a  gooch  crudble  (57.8%).  The  fil- 
trate yidded  pure  d-phenyl-glucosazone  mdting  at  205-6®. 

*  The  mother  liquors  from  this  substance  contained  alteration  products  which 
were  very  soluble  in  water  yielding  red  solutions  that  no  longer  gave  ydlow  solutions 
with  alkali.     Potassium  hydroxide  intensified  the  red  color. 


Digitized  by 


GooQle 


1288  PRISDBRICK  W.  H^YL. 

The  yellow  deavage  product  was  twice  crystallized  from  95%  alcohol 
and  mdted  at  31 1-3 13**,  but  was  not  identical  with  the  product  later  ob- 
tained which  mdted  at  314-315^,  as  a  mixture  of  the  two  mdted  at  about 
288  ^    After  drying  in  vacuo  at  I3o^  it  was  analyzed. 

Subs.,  0.0814:  COi,  0.1773;  HtO,  0.0359. 

Calc.  for  C16H10O7:  C,  59.6;  H,  3.3.    Found:  C,  59.4;  H,  3.6. 

The  substance  agrees  in  all  its  properties  with  querdtin.  When  mixed 
with  querdtin  from  Zygadenus  (m.  p.  305**),  the  mixture  mdted  at  305-7**. 
It  yidded  a  colorless  acetyl  derivative  that  oystaUized  characteristically 
from  alcohol  and  mdted  at  191-3^.  When  mixed  with  acetyl  querdtin 
the  mdting  point  was  not  depressed. 

Although  the  calculated  yidd  of  querdtin  from  the  equation 
CjiHjoOio  +  HjO  =  CisHioO?  +  C«HiiOe, 
should  be  65%  (foimd  57.8),  there  is  no  doubt  but  that  the  substance 
is  a  querdtin  glucoside. 

The  mother  liquors  (p3rridine  +  water)  which  accumulated  during 
the  purification  of  this  querdtin  glucoside  contained  more  than  0.5  g. 
glucosidic  material.  It  was  hydrolyzed  and  the  yellow  deavage  product 
converted  into  the  colorless  acetyl  derivative.  The  crude  product  mdted 
at  165-180®  and  after  several  recrystallizations  at  188-195**.  A  methoxyl 
determination  here  indicated  that  it  consisted  of  a  mixture  of  acetyl- 
isorhanmetin  and  acetylquerdtin,  the  former  predominating. 
Subs.,  0.051 1  (182-192**):  Agl,  0.0170.    Found:  OCHi,  4.4. 

The  filtrate  from  B  upon  concentration  yidded  2 .0  g.  of  an  insoluble 
yellow  product  C  as  it  was  concentrated  to  a  syrup,  hydrolysis  evidently 
being  effected  by  a  small  amount  of  free  add  present.  The  insoluble 
yellow  deavage  product  was  filtered  off  and  the  filtrate  made  add  with 
5%  sulfuric  add  to  complete  the  hydrolysis  and  heated  on  the  steam  bath 
and  again  filtered  from  a  ftuther  slight  quantity  of  badly  contaminated 
deavage  product.  The  add  filtrate  on  thorough  examination  contained 
nothing  but  glucose. 

The  product  C  (2 .  o  g.)  was  boiled  twice  with  smaller  volumes  of  water 
and  then  the  insoluble  residue  was  boiled  with  one  liter  of  water  and 
filtered  hot.  From  the  filtrate  a  small  quantity  (0.07  g.)  of  micro-crystal- 
line material  separated.  Dried  at  120^,  it  softened  at  255^  and  mdted 
to  a  black  oil  at  260°.  It  is  readily  soluble  in  ammonia,  yidding  a  yd- 
lowish  green  color,  which  turned  to  a  burnt  yellow  when  the  ammonia  is 
expdled  (C,  61 .  15;  H,  3.9).  It  is  probably  the  same  material  as  the  in- 
soluble part. 

The  insoluble  part  was  dissolved  in  boiling  95%  alcohol,  and  water  was 
added  to  opalescence  and  then  on  cooling  the  material  separated  in  amor- 
phous balls  mdting  at  293-6^.    It  wdghed  0.6  g.     For  further  purifica- 
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tion  the  material  was  acetylated  with  aoetic  anhydride  in  the  presence  of  a 
drop  of  pyridine.  By  5  oystallizations  from  alcohol  the  melting  point 
of  this  colorless  acetyl  derivative  that  crystallized  in  needles  was  devated 
from  191-2®  to  197-200**. 

Subs.,  ao667:  CCh,  0.1444;  HiO,  0.0247. 
Subs,,  0.0921:  Agl,  0.0466. 

Calc  for  CitH907(COCHi)4:  C,  595;  H,  4.1;  OCHi,  6.4.    Pound:  C,  59.05;  H, 
4.15;  OCH,,  6.7. 

The  pure  acetyl  derivative  was  hydrolyzed  by  boiling  with  5%  sulfuric 
add  in  dilute  alcohol  and  filtering  after  removing  the  alcohol  on  the 
steam  bath.    The  recovered  yellow  substance  separated  from  95%  alco- 
hol in  curved  prims  and  mdted  sharply  at  314-315^  to  a  blade  oil. 
Subs.,  0.079:  COi,  0.1768;  HiO,  0.0288. 
Calc  for  CieHisO?:  C,  60.7;  H,  3.8.    Found:  C,  61.05;  H,  4.1. 

This  substance  appears  to  be  isorhamnetin,  one  of  the  monomethyl 
querdtins,  and  the  purification  through  the  acetyl  derivative  did  not  diange 
the  results  of  the  combustion. 

The  third  lead  precipitate  was  decomposed  with  hydrogen  sulfide  and 
the  filtrate  from  the  lead  sulfide  was  concentrated  to  a  syrup  but  no  crys- 
tals resulted.  The  sjrrup,  when  subjected  to  add  hydr(d)ras,  yidded  only 
calcium  sulfate. 

The  writer  is  greatiy  indebted  to  Mr.  Clayre  Pomeroy  for  the  analytical 
work. 

Kalamazoo,  Mich. 


[CONTIUBUTION  FROM  THB  MBIXON  InSTITUTB  AND  THB  ScHOOL  OF  ChBMISTRY, 

Univbrsity  OF  Pittsburgh.] 

PHTHALIC  ACm  DERIVATIVES;  CONSTITUTION  AND  COLOR, 

XVI.1    PHENOLTETRABROMO-PHTHALEIN  AND 

SOME  OF  ITS  DERIVATIVES. 

By  Davto  S.  Pratt,  F.  B.  Doanb  and  A.  W.  Harvby. 

Received  May  31,  1919. 

The  preparation  of  various  halogenated  phenolphthaleins  has  been 
considered  important  from  two  standpoints,  i.  e.y  to  provide  additional 
indicators  of  this  excellent  type  for  analytical  work  and  to  further  our 
knowledge  of  the  eflfect  on  absorption  spectra  brought  about  by  the  sub- 
stitution of  important  atoms  in  phthalic  add  derivatives.  Since  the  corre- 
sponding chlorine  and  iodine  derivatives  of  phenolphthalein  have  been 
prepared  it  was  interesting  to  study  the  intermediary  bromine  analogues. 

Phenoltetrabromo-phthalein  with  the  halogen  in  the  anhydride  ring  was 
probably  obtained  in  an  impure  condition  by  Rupp/  but  details  are  lacking 

>  This  Journal,  4o>  142s  (1918)- 

>  Arch.  Pharm.,  349,  56  (191  x)- 
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in  his  brief  report.  The  phthalein  and  some  of  its  more  important  de- 
rivatives have  now  been  prepared  in  a  condition  of  purity  sufficient  even 
for  spectroscopic  investigation.  Unfortunately  it  is  not  possible  to  make 
this  part  of  the  contemplated  study  at  the  present  time.  For  this  reason 
the  various  probable  effects  due  to  introducing  4  bromine  atoms  possessing 
an  acidity  between  chlorine  and  iodine  and  with  characteristic  activity 
on  adjacent  points  of  tmsaturation  will  not  be  discussed  tmtil  spectroscopic 
data  are  available. 

The  tetrabromo-phthalic  anhydride  used  was  prepared  by  the  convenient 
method  outlined  in  a  previous  article.^ 

Phenoltetrabromo-phthalein. — 464  g.  of  tetrabromo-phthalic  anhydjride 
was  placed  in  a  2-liter,  round-bottom  flask  provided  with  an  air  condenser 
and  intimately  mixed  with  1390  g.  of  freshly  distilled  phenol.  The  tem- 
perature was  raised  to  about  50®  C.  and  450  g,  of  fuming  sulfuric  add 
(15%  SOs)  added  gradually  as  the  reaction  proceeded.  Heat  was  then 
applied  by  means  of  an  electrically  heated  air  bath  at  160^  for  9  hours, 
during  which  the  color  of  the  mix  changed  nearly  to  black. 

The  hot  reaction  product  was  poured  into  a  large  volume  of  boiling 
water,  washed  several  times  by  decantation  and  finally  steamed  thor- 
oughly for  several  hoin^  or  until  the  odor  of  phenol  had  largely  disap- 
peared. The  material  was  dissolved  in  dil.  sodium  hydroxide  solution, 
precipitated  hot  with  dil.  hydrochloric  add,  filtered,  and  washed  free  from 
chlorides.  The  phthalein  in  the  dried  product  was  extracted  with  alcohol 
in  whidi  unchauaged  anhydride  and  tetrabromo-fluoran  are  insoluble. 
The  residue  obtained  by  distilling  off  the  alcohol  contained  some  tar, 
and  was  therefore  dissolved  in  gladal  acetic  add  and  thoroughly  treated 
with  bone  black.  Faintly  yellow  crystals  were  deposited  on  concentration 
and  cooling,  giving  a  yidd  of  75%  of  the  theoretical  amount.  Too  rapid 
heating  during  condensation  or  prolonged  time  at  high  temperattue  causes 
excessive  tar  formation. 

The  phthalein  was  further  purified  by  repeated  alternate  recrystalliza- 
tion  from  alcohol  and  gladal  acetic  add  until  finally  obtained  in  nearly 
colorless  crystals.  It  is  quite  soluble,  without  color,  in  ordinary  organic 
solvents,  and  very  sensitive  to  alkali,  giving  deep  purplish  red  solutions. 
Anunonia,  however,  dther  dry  or  moist,  failed  to  give  the  corresponding 
salt  when  passed  over  the  dry  phthalein.  Halogen  in  every  case  was  de- 
termined by  the  modified  lime  combustion  method. 

Subs.,  (I)  0.3023;  (11)  0.2912.    Cc.  0.1  iV  AgNOi:  (I)  19.10;  (II)  18.34. 
Calc.  for  CtoHio04Br4:  Br,  50.43.    Found:  (I)  50.50;  (II)  50.34. 

The  structure  of  phenoltetrabromo-phthalein  is  undoubtedly  repre- 
sented correctly  as 

*  This  Journal,  40,  1416  (1918). 
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Br 
Tetrabromo-fluoran. — The  residue  left  after  extracting  the  crude  re- 
action product  with  alcohol  consisted  largely  of  unchanged  anhydride  and 
tetrabromo-fluoran.  The  former  was  removed  by  treating  with  warm 
dil.  sodium  hydroxide  solution.  The  fluoran  remaining  was  washed  and 
purified  by  repeated  recrystallization  with  bone  black  from  glacial  add  in 
which  it  is  sparingly  soluble,  being  finally  obtained  as  well  defined  colorless 
crystals. 

Subs.,  (I)  0.317s;  (11)  0.3356.    Cc.  0.1  iV  AgNO,:  (I)  20.55;  (H)  21.83. 
Calc.  for  CjoHsO»Br4:  Br,  5191.    Found:  (I)  5X-74;  (H)  5198. 

Phenoltetrabromo-phthalein  Diacetate.— The  diacetate  was  prepared 
by  boiling  for  one  hour  a  mixture  of  15  g.  of  the  pure  phthalein,  9  g.  of 
fused  sodium  acetate,  and  45  cc.  of  acetic  anhydride.  The  impure  acetate 
was  dissolved  in  benzene  containing  acetic  anhydride,  boiled  with  bone 
black  for  many  hours,  and  finally  recrystallized  from  benzene  and  alcohol. 
A  yield  of  pure  colorless,  well  formed  crystals  corresponding  to  65%,  was 
obtained. 

Subs.,  (I)  0.2716;  (II)  04026.    Cc.  0.1  i\r  AgNOi:  (I)  15.13;  (H)  22.48. 
Calc.  for  Cj4Hi40iBr4:  Br,  44.53.    Found:  (I)  44.42;  (II)  44.62. 

Phenoltetrabromo-phthalein  Dibenzoate.— The  dibenzoate  was  pre- 
pared by  dissolving  the  pure  phthalein  in  2%  sodium  hydroxide  solution 
and  shaking  with  successive  portions  of  benzoyl  chloride  until  the  red  color 
disappeared.  The  product  was  washed  with  dilute  alkali  and  50%  alcohol, 
and  recrystallized  several  times  from  alcohol.  A  yield  representing  80% 
was  obtained  as  fine,  colorless  needles  readily  soluble  in  benzene,  less  so  in 
alcohol. 

Subs.,  (I)  0.2726;  (II)  0.2244.    Cc  0.1  N  AgNOi:  (I)  12.84;  (H)  io-58. 

Calc  for  C«4HuOiBr4:  Br,  37.97.    Found:  (I)  37-8i;  (II)  3769. 

Phenoltetrabromo-phtfaalein  Dimethyl  Ether. — 15  g.  of  the  pure 
phthalein  was  dissolved  in  5%  sodium  hydroxide  solution  and  shaken  with 
successive  small  portions  of  dimethyl  sulfate.  The  purple  color  gradually 
disappeared  and  the  crude  ether  precipitated  in  a  yellow  amorphous 
condition.  This  was  ptuified  from  alcohol  and  obtained  as  colorless 
crystals  which  tended  to  become  pale  salmon  color  on  drying. 

Subs.,  (I)  0.3217;  (II)  0.3026.    Cc.  0.1  N  AgNOt:  (I)  19.44;  (H)  18.18. 
'*•  "^  Caic:-forCaHf40^4r  Br,  4».:J07    Founds  (I)  48.12;  31)  48.01. 
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Tetrabromophenol-tetrabromophthalein.— A  solution  of  lo  g.  of  bro- 
mine in  25  cc.  of  alcohol  was  added  through  a  reflux  condenser  to  a  boiling 
-solution  containing  10  g.  of  pure  phenoltetrabromo-phthalein  in  75  cc. 
of  alcohol.  Yellow  crystals  separated  at  once,  the  reaction  being  complete 
by  the  time  all  the  bromine  was  added.  A  theoretical  yield  was  obtained. 
The  crude  product  was  piuified  by  recrystallization  from  acetone,  giving 
very  pale  yellow  crystals  very  slightly  soluble  in  alcohol,  easily  in  acetone. 
Aqueous  alkaU  dissolves  the  phthalein  with  a  brilliant  dear  blue  color. 
Spectroscopic  analysis  will  probably  show  that  the  ydlow  coIot  is  due  to 
shifting  the  limit  of  visible  general  absorption  toward  the  longer  wave 
lengths  suflScientiy  to  make  it  evident  to  the  eye.  It  is  exactiy  lliese  pro- 
gressive shiftings  in  the  absorption  bands  that  will  be  investigated  when 
the  essential  apparatus  becomes  available.  There  are  no  facts,  however, 
opposed  to  the  usual  benzenoid  structure  whidi  should  therefore  be  rep- 
resented as 

Br  Br 


"^XO' 


c — o 
Bn 


5i/Y-C  -  O. 
BrL      JBr 

Br 

Subs.,  (I)  0.2575;  (11)  0.2291.     Cc.  o.x  iV  AgNOj:  (I)  21.63;  (H)  1929. 
Calc.  for  C2oH604Brs:  Br,  67.34.     Found:  (I)  67.14;  (II)  67.25. 

Diammonium  Salt. — Exposure  of  a  weighed  quantity  of  the  phthalein 
to  dry  ammonia  caused  the  color  to  become  turquoise  blue  with  a  gain  in 
weight  corresponding  to  two  molecules  of  ammonia.  The  salt  is  not  very 
stable  even  at  ordinary  temperatures,  and  loses  its  ammonia  quantita- 
tively at  100°. 

Subs.,  0.8047:  (I)  gain  in  weight,  0.0283;  (II)  loss  in  weight,  0.0282. 
Calc.  for  CjoH«04Brs.2NH,:  NH.,  346.    Found:  (I)  3.43;  (II)  3.40. 

Tetrabroniophenol-tetrabromophthalein  Diacetate.  —  10  g.  of  ptu^ 
phthalein  was  boiled  for  one  hour  in  35  cc.  of  acetic  anhydride  containing  8 
g.  of  fused  sodium  acetate.  The  hot  solution  was  poured  on  ice  and  the 
crude  acetate  washed  thoroughly  with  water.  It  was  purified  from  ben- 
zene containing  acetic  anhydride.  The  colorless  crystals  so  obtained 
contained  a  mokcule  of  benzene  removable  by  heating  at  175**. 

Subs.,  0.6269.    Loss  in  weight,  0.0472. 

Calc.  for  C2jIioOeBr8.C«H6:  CfHe,  702.     Found:  7.52. 
.   Subs.,  (I)  0.2352;  (II)  0.2515.     Cc.  0.1  i\r  AgNOj:  (I)  18.14;  (H)  19-44. 

Calc.  for  C24Hio06Bri:  Br.  61.86.    Found:  (I)  61.64;  (II)  61.79. 

Tetrabromophenol-tetrabromophthalein    Dibeozoate.  —  The    dibeo* 
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zoate  was  prqiared  in  a  similar  manner  to  that  used  for  phenoltetrabromo- 
phthalein  dibenzoate.  The  colorless  crystals  obtained  after  treating  with 
bone  black  a  benzene  solution  contained  a  molecule  of  solvent  which  was 
Aawfy  driven  off  at  I3o^ 

Sabs.,  0.9861.    Loss  in  weight:  0.0580. 
Cak.  for  CMHi«0|Brs.CJIf:  C«Ht,  6.31.    Found:  5.89. 
Subs.,  (I)  0.2520;  (II)  0.2763.     Cc.  O.I  iV  AgNO»:  (I)  17.25;  (II)  19.08. 
Calc.  for  CMHuOiBrt:  Br,  55.23.    Found:  (I)  54-7o;  (II)  5519. 
PimBDROH,  Pa. 


[CoimaBUTioN  from  thb  Mbixon  Institute  and  thb  School  of  Chemistry, 
UNivERsrrv  op  Pittsburgh.  ] 

PHTHALIC  ACID  DERIVATIVES;  CONSTITUTION  AND  COLOR. 

XVn.i    TETRABROMO-FLUORESCEIN,  TETRABROMO- 

EOSm  AND  SOME  6F  THEIR  DERIVATIVES. 

By  David  S.  Pratt,  G.  F.  Hutchinson  and  A.  W.  Harvey. 

Received  May  31,  1919. 

The  replacement  of  hydrogen  in  the  anhydride  ring  of  fluorescein  by 
4  iodine  atoms  has  been  fotmd  to  alter  the  equilibrium  between  the  ben- 
zenoid  and  quinoid  structure.^  Whereas  fluorescein  itself  is  stable  in  the 
latter,  or  highly  colored,  modification,  the  tetra-iodo  molecule  ordinarily 
assumes  the  former  arrangement.  The  present  paper  deals  with  certain 
intermediate  bromine  derivatives. 

Tetrabromo-fluorescein,  prepared  by  condensing  tetrabromo-phthalic 
anhydride  with  resordn,  shows  an  equilibrium  that  lies  near  the  border 
between  the  two  structural  isomeric  modifications.  The  intramolecular 
forces  which  determine  stability  for  either  form  are  probably  resultants 
from  proximity  effects  inherent  in  tmsaturated  centers  residing  in  the 
phthaUc  residue.  There  is  a  dose  relationship  throughout  the  series  tmder 
investigation  existing  between  these  unsaturated  centers  and  the  stabiUty 
of  the  anhydride  ring  structure.  This  structure  is  encoimtered  only  as 
part  of  a  benzenoid  arrangement.  When  the  4-carbon- 1  -oxygen  ring  opens 
the  molecules  may  rearrange  into  a  quinoid  structure  with  a  color  change 
generally,  although  not  necessarily,  manifest  to  the  eye.  Under  other 
drcumstances  the  ring  may  open  with  the  formation  of  a  carbinol  car- 
boxylic  add  but  without  the  marked  color  change. 

The  stability  of  the  anhydride  ring  and  benzenoid  structure  necessarily 

influences  chemical  reactivity,  as  has  been  noted  by  various  investigators. 

An  example  of  this  may  be  pointed  out  in  the  present  instance  of  salt 

formation.    Tetrabromo-fluorescein  with  dry  ammonia  gas  gives  a  di- 

ammonium  salt  where  tetrabromo-eosin  or  octabromo-fluorescein  gives  a 

tetrammonium  salt.    It  is  fdt  that  a  comparative  study  covering  as  many 

^  Tms  Journal,  4<f  1^89  (1919)* 
*  Ibid.,  4o»  236  (1918). 
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cases  of  these  intramolecular  resultant  effects  as  possible  and  including 
spectrographic  data  will  be  of  value. 

Tetrabromo-fluorescein. — ^464  g.  of  tetrabromo-phthaUc  anhydride  were 
well  mixed  with  216  g.  of  colorless  resordn  and  216  g.  of  powdered,  freshly 
fused  zinc  chloride.  Fusion  was  carried  out  by  gradually  raising  the 
temperature  during  half  an  hour  to  200®  with  frequent  stirring.  The 
color  darkened  as  the  melt  solidified.  Heating  was  continued  for  two  hours 
after  which  the  cold  fusion  was  powdered  and  washed  with  dil.  hydrochloric 
add  until  free  from  zinc.  The  crude  fluorescein  was  then  dissolved  in  a 
minimiun  of  dil.  sodium  hydroxide  solution  and  precipitated  in  tall  cylin- 
ders with  vigorous  air  stirring  by  adding  2%  hydrochloric  add. 

The  yellow  gelatinous  hydrate  resulting  was  washed  free  from  'Chloridje^ 
by  repeated  decantation,  filtered  off  and  dried  in  a  water  oven*  Yield, 
90%.  Purification  was  carried  out  most  successfully  through  the  diacetato 
'as  it  crystallizes  well  and  is  readily  prepared.  Saponification  was  then 
carried  out  by  filtering  a  hot  saturated  acetone  solution  of  pure  diacetate  into 
5%  sodium  hydroxide  solution  and  after  72  hours*  standing,  addifjdng  with 
dUute  add.  The  product,  after  drying  to  constant  weight  in  a  water  oven, 
was  pure  anhydrous  tetrabromo-fluorescein.  All  analyses  were  made  by 
the  modified  lime  combustion  method. 

Subs.,  (I)  0.3239;  (II)  0.2827.     Cc.  o.x  i\r  AgNO,:  (I)  19.87;  (II)  17.30. 
Calc.  for  CtoHs06Br4:  Br,  49.34.     Found:  (I)  49.03;  (II)  48.91. 

The  fluorescein  so  obtained  is  a  brick-red  amorphous  powder.,  It 
changes  rapidly  to  bright  ydlow  when  moistened  with  acetone  or  ethyl 
acetate  witiiout  permanent  alteration  in  wdght,  behaving  in  this  respect 
analogously  to  tetraiodo-fluorescein.^  This  ready  transformation  from 
the  unstable  red  quinoid  to  the  stable  yellow  benzenoid  form  probably 
takes  place  through  partial  solution  of  an  intermediate  loose  addition 
product.  The  yellow  color  of  benzenoid  tetraiodo-fluorescein  was  at- 
tributed to  the  similar  color  of  tetraiodo-phthalic  anhydride  from  which 
it  is  derived,  but  in  this  case  the  parent  anhydride  is  colorless.  Heating 
for  a  short  time  at  high  temperatures  reverses  the  equilibrium  with  forma- 
tion of  the  red  form.    These  changes  are  represented  as 


H< 


'Xf      -OXr 

c  c — o 


BifV-C  =  Q 


Br/\-COOH  B11 

bA      JBr  Brl    yter 

Br  Br 

Red.  YeUow. 
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The  yellow  hydrate  obtained  upon  predpitation  from  alkalme  solution 
was  air  dried  to  constant  weight  at  room  temperature  without  visible 
diange  in  color.  Heating  at  no**  caused  a  loss  in  weight  corresponding 
to  approximately  one  molecule  of  water  of  constitution,  and  a  partial  con- 
ver^on  into  the  red  quinoid  form. 

Subs.,  1 .292 1 .    Loss  in  weight,  0.03  x  8 . 

Calc  for  CsoHtOiBriJEIiO:  HiO,  2.70.    Found:  2.46. 

Alkaline  solutions  of  tetrabromo-fluorescein  are  deeply  colored  and 
highly  fluorescent,  resembling  closely  the  unhalogenated  parent  sub- 
stance. Silk  is  dyed  directly  a  vivid  piuplish  red  similar  to  that  produced 
by  fluorescein.  Visual  examination,  therefore,  indicates  that  the  vibra- 
tional alterations  brought  about  by  the  introduction  of  bromine  probably 
lie  chiefly,  if  not  entirely,  in  the  ultraviolet  region  of  the  spectrum. 

Tetrabromo-fluorescein  Carbinol  Carboxylic  Acid. — ^When  tetrabromo- 
fluorescein  hydrate  is  treated  with  absolute  alcohol  the  color  changes 
rafndly  to  a  very  mudi  lighter  yellow  corresponding  to  the  arrangement  of 
tiie  molecule  represented  by 


Br  Br 

Hydrous  tetrabromo-  Tetrabromo-fluorescein 

fluorescein.  carbinol  carboxylic  add. 

The  resulting  carboxylic  add  deposits  from  an  alcohol  solution  in  a 
nearly  colorless,  amorphous  form.  Heating  at  1 10®  causes  a  loss  in  weight 
corresponding  to  a  molecule  of  water  and  a  reversion  to  the  yellow  ben- 
zenoid  fluorescein. 

Subs.,  0.7375.    Loss  in  weight,  0.0173. 

Calc.  for  CioHioO|Br4.HfO:  H|0,  2.70.    Found:  2.33. 

Diammonium  Salt. — ^The  salt  was  formed  by  exposing  a  weighed  sample 
of  pure  anhydrous  fluorescein  for  i8  hours  to  a  current  of  dry  ammonia. 
When  constant  weight  was  attained,  the  color  was  bright  red.  Heating 
at  100^  reconverts  the  salt  into  the  original  fluorescein. 

Subs.,  0.2520:  (I)  gain  in  weight,  0.0123;  (II)  loss  in  weight  at  Ioo^  0.0119. 

Cak.  for  CoHtO»Br4,2NHi:  NHt,  499-    Found:  (I)  4.88;  (II)  4.72. 

Tetrabromo-fluorescein  Diacetate. — ^370  g.  of  crude  tetrabromo-fluores- 
oein  was  added  to  800  cc.  of  acetic  anhydride  containing  35  g.  of  fused 
sodium  acetate.    The  suspension  was  heated  in  a  water  bath  for  30  min- 
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utes  and  finally  boiled  gently  for  20  minutes.  The  material  in  suspension 
gradually  lightened  tmtil  it  became  nearly  colorless.  After  standing  two 
days,  the  mixture  was  poured  into  water,  filtered,  washed  and  dried. 
The  crude  diacetate  was  dissolved  in  acetone  and  boiled  f (m*  several  days 
with  successive  small  portions  of  bone  black.  Concentration  of  the  light 
amber  solution  gave  colorless  crystals. 

Subs.,  (I)  0.3964;  (II)  0.3156.     Cc.  0.1  i\r  AgNOa:  (I)  21.56;  (II)  17.10. 
Cak.  for  C«4Hu07Br4:  Br,  43.68.    Found:  (I)  43.47;  (H)  4330. 

The  aystalline  diacetate  is  attacked  rather  slowly  by  aqueous  alkali. 
The  method  of  saponification  indicated  above  is  preferable  as  the  acetone 
solution  gives  flocculent  material  readily  acted  tqx)n. 

Tetrabromo-eosin. — ^Anhydrous  tetrabromo-fluorescein  reacts  ea»ly 
with  bromine  to  give  tetrabromo-eosin  or  octabromo-flucx'escein.  The 
replacement  of  4  additional  hydrogen  atoms  was  carried  out  by  suspending 
200  g.  of  pure  tetrabromo-fluorescein  in  400  cc.  of  glacial  acetic  add  ob- 
taining 80  cc  of  bromine.  The  mixture  was  boiled  gently  for  an  hour, 
during  which  the  color  lightened  to  a  faint  pink.  The  crystalline  material 
was  washed  with  alcohol  and  further  purified  from  acetone.  A  3deld  rep- 
resenting 80%  of  pure  product  was  obtained. 

Subs.,  (I)  0.2834;  (II)  0.2124.    Cc.  0.1  iV  AgNOi:  (I)  23.48;  (II)  17.65. 
Calc.  for  CjoHiOiBrt:  Br,  66.36.    Found:  (I)  66.21;  (II)  66.43. 

Tetrabromo-eosin  shows  only  a  very  slight  tendency  to  rearrange  into 
the  quinoid  or  colored  form  except  in  the  presence  of  alkali.  Its  structure 
should,  therefore,  be  represented  as 

Br      O      Br 


•sooa- 


-o 


Br 
It  is  extremely  sensitive  toward  alkali,  and  is  therefore  generally  obtained 
faintly  tinged  with  pink.  This  color  is  intensified  upon  heating  to  150^ 
but  all  efforts  to  shift  the  equilibrium  further  towards  the  red  form  failed. 
Tetrabromo-eosin  is  practically  insoluble  in  alcohol,  slightly  so  in  acetone. 
It  dissolves  readily  in  aqueous  alkali  with  a  deep  red  color  and  slight 
fluorescence.    Such  a  solution  dyes  ^Ik  an  attractive  pink. 

The  addition  of  add  to  a  dilute  alkaline  solution  precipitated  a  voltmii- 
nous  pink  hydrate  whidi  was  carefully  washed  and  air  dried  to  constant 
weight  without  change  in  color.  Further  heating  at  iio^  drove  off  ap- 
proximately one  molecule  of  water  oi  constitution. 
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Subs.,  1^013.    Loss  in  weight,  0.0187. 

Calc  for  CsoH40iBr«.HsO:  HsO,  1.83.    Found:  1.44. 

Tetrammonhim  Salt. — Dry  ammonia  gas  was  passed  over  a  weighed 
quantity  of  tetrabromo-eosin  mitil  constant  weight  was  obtained.  The 
color  changed  to  purple  inmiediatdyi  followed  by  the  formation  of  a  very 
brilliant  deep  bronze.  The  addition  corresponded  to  4  molecules  of  am- 
monia whereas  tetrabromo-fluorescein  did  not  react  further  than  the 
diammonium  salt.    The  ammonia  is  driven  off  readily  by  heating. 

Subs.,  a68o2.     (I)  gain  in  weight,  0.0473;  (II)  loss  in  weight  at  120®,  0.0468. 

Cak.  for  CfoH40*Br8.4NHi;  NH|,  6.60.    Found:  (I)  6.50;  (II)  6.44. 

The  addition  of  4  molecules  of  ammonia  is  probably  best  accotmted 
iar  by  a  rearrangement  into  the  quinoid  structure  and  subsequent  direct 
addition  of  2  NHs  to  the  carboxyl  group.  This  would  give  the  salt  the 
structure  represented  by 

Br      O      Br 


H4N< 


/\/' 


Br 
Tetrabromo-eosin  Biacetate. — 20  g.  of  pure  tetrabromo-eosin  was  sus- 
pended in  75  cc.  of  acetic  anhydride  containing  20  g.  of  fused  sodium 
acetate.  Some  of  the  bright  red  sodium  salt  formed  at  first  but  upon 
boiling  gently  for  30  minutes  this  largely  disappeared.  The  lumps  were 
then  crushed  and  boiling  continued  for  15  minutes  to  insure  complete 
reaction.  A  theoretical  yield  of  crude  product  was  obtained.  The  ma- 
terial was  recrystallized  from  benzene  tmtil  obtained  pure  as  colorless 
crystals.  These  contained  a  molecule  of  solvent  of  crystallization  as 
shown  by  the  loss  in  weight  or  heating  at  130^. 

Subs.,  1.5622.    Loss  in  weight,  0.0885. 

Calc.  for  Cfl4H«C)7Brg.C«H«:  C«H«,  6.93.    Found:  5.66. 

Subs.,  (I)  a252o;  (11)  0.2500.    Cc.  o.i  i^  AgNO»:  (I)  19.17;  (II)  18.16. 

Cak.  for  CMHsOrBrt:  Br,  61.06.    Found:  (I)  60.79;  (H)  61.33. 
Pif'f— UMOH,  Pa. 
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[Contribution  from  the  PHYTocHBMiCAt  LiiBORATORT,  Bureau  of  Chebostrt, 
U.  S.  Department  of  Agricui^ture.] 

AN  IMPROVED  METHOD  FOR  THE  QTJANTITATIVE  DETER- 
MINATION OF  CAFFEINE  IN  VEGETABLE  MATERIAL. 

By  Frederick  B.  Power  and  Victor  K.  Chesnut. 

Received  June  2,  1919. 

The  methods  that  have  heretofore  been  employed  for  the  quantitative 
determination  of  caffeine  in  vegetable  products,  especially  coffee  and  tea, 
are  exceedingly  numerous  and  varied  in  character.*  Several  of  the  older 
methods  have  previously  been  shown  to  give  inaccurate  results,  which 
may  be  attributed  to  a  number  of  causes.  Among  these  there  may  be 
mentioned,  in  the  first  instance,  the  incomplete  extraction  of  the  caffeine 
from  the  crude  material  or  its  partial  decomposition  by  the  u^  of  lime 
in  the  process  of  extraction,  while  a  loss  of  caffeine  may  also  be  incurred 
by  the  evaporation  of  large  amotmts  of  aqueous  extract  and  the  employ- 
ment of  such  agents  for  its  purification  as  lead  acetate  or  animal  charcoal. 
The  methods  which  depend  upon  the  use  of  an  aliquot  portion  of  a  chloro- 
form extract  of  the  crude  material  would  also  appear  to  be  subject  to  con- 
siderable error  through  a  loss  of  solvent  by  volatilization  in  the  operations 
of  filtering  and  weighing  or  measuring  the  liquid,  with  a  consequent  alter- 
ation of  the  calculated  relations  between  the  latter  and  the  amount  of 
material  whidh  it  is  supposed  to  represent. 

As  an  investigation  undertaken  by  the  authors,  which  is  described  in  a 
separate  communication,^  required  the  determination  of  caffeine  in  various 
kinds  of  v^etable  material,  the  methods  which  have  heretofore  been 
suggested  were  subjected  to  a  critical  examination*  .  Some  of  the  methods 
were  thus  f otmd  to  be  inherentiy  inaccurate,  while  others  are  more  or  less 
complicated  in  their  manipulative  details.  It  was  therefore  sought  to 
establish  a  method  which  would  be  both  simple  and  accurate^  and  which 
also  could  be  employed,  without  any  considerable  modification,  for  de- 
termining the  presence  or  amount  of  caffeine  in  material  of  different 
physical  character. 

Although  the  method  to  be  described  embodies  some  of  the  features  of 
other  methods,  the  principles  and  details  of  procedure,  and  consequentiy 
the  results  obtained,  are  so  different  from  most  of  them  as  to  render  it 
practically  new.  Nevertheless,  we  have  purposdy  designated  it  as  an 
improved  method,  rather  than  as  a  new  one.  The  only  recorded  method 
with  which  it  may  to  some  extent  be  compared  is  that  ascribed  to  Paul  and 
>  Compare  Beilstein's  Handbuch  d.  org,  Chem.,  Ill  Auflage,  Bd.  II,  p.  957.  Also 
Erganzungsband,  III,  p.  704.  Czapek,  Biochemie  der  Pflanzen,  1905,  Bd.  II,  p.  244. 
An  especially  complete  and  critical  review  of  methods  of  assay,  in  chronological  order, 
is  given  by  Lendrich  and  Nottbohm,  Z.  Nahr,  Genussm.,  17,  241-651  (1909).  See  also 
Fendler  and  Stuber,  Ibid.,  28,  9-20  (1914). 
*  This  Journai.,  41,  1307  (1919). 
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C^wnl^  for  detenmning  caffeine  in  tea,  which,  as  given  in  AUen's  Com- 
merdal  Organic  Analysis ^^  is  essentially  as  follows: 

"Five  grams  of  finely  powdered  tea  are  well  mixed  in  a  mortar  with  2 
grams  of  ignited  magnesia,'  the  mixture  thoroughly  moistened  with  hot 
water,  again  triturated,  and  then  dried  at  100^.  It  is  next  extracted  with 
boiling  alcohol,  and  the  resultant  liquid  evaporated  nearly  to  dryness. 
Hie  residue  is  boiled  with  50  cc.  of  water,  and  treated  with  a  few  drops 
of  dil.  sulfuric  add.  When  cold,  the  liquid  is  filtered  and  repeatedly 
shaken  with  chlorofcrm  tmtil  exhausted.  The  united  chlorcrform  solution 
is  then  agitated  with  a  very  dilute  solution  of  sodium  hydroxide,  which 
removes  a  little  coloring  matter,  so  that  on  subsequently  distilling  off  the 
chloroform  in  a  weighed  flask  the  caffeine  is  obtained  perfectly  pure  and 
colorless,  or  at  most  with  a  faint  green  tinge." 

A  trial  of  the  above-described  method  for  the  assay  of  Mat^  or  Paraguay 
tea  did  not  give  very  satisfactory  residts. 

A  consideration  of  the  entire  subject  rendered  it  evident  that  the  first 
object  to  be  attained  was  the  complete  removal  of  the  caffeine  from  the 
crude  material,  and  for  this  purpose  the  direct  extraction  of  the  latter  with 
hot  alcohol  appeared  to  be  the  best  mode  of  procedure.  The  elimination 
from  the  extract  of  such  plant  constituents  as  are  only  soluble  in  water 
would  thus  primarily  be  effected,  and  whatever  may  be  the  form  in  which 
the  caffeine  is  contained  in  the  vegetable  material,  it  was  ascertained  that 
it  could  be  completely  removed  by  alcohol.  It  has  been  assumed  by  some 
investigators  that  in  certain  drugs  the  caffeine  is  partly  in  the  free  state 
and  partly  in  combination,  either  with  tannic  add  or,  in  the  case  of  coffee, 
as  caffeine-potassitun  chlorogenate,  to  which  the  formula  CnHMOioKa.- 
(C8HioN40a)i  +  2HsO  has  been  ascribed.*  The  existence  of  the  latter 
compound  does  not  appear  as  yet  to  have  been  completely  established,* 
and  the  recorded  analyses  are  not  in  very  dose  agreement  with  the  accepted 
formula.  The  use  of  lime,  magnesia,  ammonia,  or  other  alkali  in  the  va- 
rious methods  of  assay  is  evidently  with  the  primary  object  of  liberating 
the  caffeine  from  its  combinations  in  the  drug,  but  apart  from  this  purpose 
a  weak  alkali,  such  as  magnesia,  may  also  serve  for  removing  the  tannin 
or  other  addic  substances  from  solution,  as  in  the  method  of  procedure 
adopted  by  us.  The  use  of  lime  is  considered  objectionable  on  account 
of  the  observation  that,  under  certain  conditions,  it  may  cause  some 

1  4th  edition,  VoL  6,  p.  611. 

*  In  the  original  paper  by  Paul  and  Cownley,  Pharm,  /.,  [3]  18,  417  (1887),  to 
which  reference  is  made  in  the  above-mentioned  work  by  Allen,  the  authors  direct  for 
5  g.  of  tea  the  use  of  i  g.  of  "hydrate  of  lime,"  and  no  mention  is  there  made  of 
magnesia. 

«  Gortcr,  Ann.,  358*  327-348  and  359f  217-244  (1908). 

<  Compare  Lendrich  and  Nottbohm,    Loc,  cU.,  p.  264. 


Digitized  by 


GooQle 


I300  FREDERICK  B.  POWER  AND  VICTOR  K.   CHESNIIT. 

decomposition  of  the  caffeine  with  the  fcmnation  of  ammoDiB,  and  methyl- 
amine,  but  it  has  been  shown  that  this  is  not  the  case  with  magnesia.^ 

Method  of  Assay. — ^After  a  large  number  of  experiments  with  different 
kinds  of  material  in  order  to  overcome  the  various  minor  di£Sculties  that 
were  experienced,  and  also  to  insure  the  accuracy  of  the  results,  the  fdlow- 
ing  general  method  of  procedure  was  finally  adopted: 

Ten  g.  of  the  finely  ground  material,  previously  moistened  with  a  little 
alcohol,  is  extracted  for  about  8  hours  in  a  Soxhlet  apparatus  with  hot 
alcohol.  The  alcoholic  extract  is  then  added  to  a  suspension  of  lo  g.  of 
heavy  magnesium  oxide  in  loo  cc.  of  water,  contained  in  a  porcelain  dish, 
the  flask  being  rinsed  with  a  little  hot  water,  and  this  liquid  added  to  the 
mixture.  The  mixtiure  is  allowed  to  evaporate  slowly  on  a  steam-bath  or 
water-bath,  with  frequent  stirring,  until  all  the  alcohol  is  removed  and  a 
nearly  dry,  powdery  mass  is  obtained.  This  is  mixed  with  sufficient  hot 
water  to  enable  it  to  be  brought  on  a  filter,  which  preferably  should  be 
smooth,  and,  after  th(»-oughly  cleaning  the  dish  by  means  of  a  glass  rod, 
to  which  a  piece  of  rubber  tubing  is  attached,  the  contents  of  the  filter 
are  washed  with  successive  portions  of  hot  water  imtil  about  250  cc.  of 
filtrate  is  obtained.  To  the  filtrate,  contained  in  a  flask  of  one-liter  capac- 
ity, is  added  10  cc.  of  a  10%  solution  of  sulfuric  add,  which  causes  the 
liquid  to  become  much  Ughter  in  color,  and  with  some  kinds  of  material, 
such  as  Ilex  leaves,  a  considerable  precipitate  is  produced.  In  some  cases, 
as  with  tea  and  guarana,  it  was  found  necessary  to  use  20  cc.  of  the  above- 
mentioned  add  in  order  to  prevent  the  formation  of  an  emulsion  on  sub- 
sequently extracting  with  chloroform.  After  the  addition  of  the  add,  a 
small  ftumd  is  placed  in  the  neck  of  the  flask,  and  the  liquid,  which  is  at 
first  gentl%  heated  until  any  frothing  ceases,  is  kept  in  a  state  of  active 
ebullition  for  half  an  hour.  This  treatment  is  for  the  piupose  of  hydrol- 
yzing  any  saponin  that  may  be  present.  After  being  allowed  to  cool,  the 
liquid  is  passed  through  a  double  moistened  filter  into  a  separatory  funnd, 
the  flask  and  filter  being  washed  with  small  portions  of  about  0.5%  sul- 
furic add.  The  dear  add  filtrate  is  then  shaken  with  6  successive  portions 
of  chloroform  of  25  cc.  each,  which  usually  separates  sharply  and  quickly, 
but,  if  not,  can  be  made  to  do  so  by  gently  rotating  the  separatory  funnd, 
or,  if  necessary,  by  the  use  of  somewhat  larger  portions  of  diloroform. 
The  united  chloroform  extracts  are  brought  into  another  dry  separatory 
funnel  and  shaken  with  5  cc.  of  a  1%  solution  of  potassium  hydroxide, 
which  serves  to  remove  coloring  matter.  After  complete  subsidence  of  the 
chloroform  solution  it  is  passed  through  a  small,  dry  filter  into  an  Erlen- 
meyer  flask,  the  alkaline  liquid  remaining  in  the  separatory  funnd  being 
subsequently  washed  with  two  successive  portions  of  chloroform  of  10  cc. 
*  Tassilly,  Bull,  soc.  chim,,  [3]  17,  596  (1897).  Compare  also  Maly  and  Andreasch, 
MoruUsh.,  4,  369-386  (1883). 
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each.  These  washings  of  the  alkali  are  passed  through  the  previously 
mentioned  filter,  and,  after  washing  the  latter  with  a  little  chloroform, 
they  are  added  to  the  first  chloroform  solution.  The  chloroform  is  finally 
removed  by  distillation  from  a  water-bath,  the  residual  caffeine  brought 
by  means  of  a  little  chloroform  into  a  tared  beaker,  and,  after  the  solvent 
has  been  allowed  to  evaporate  spontaneously,  the  caffeine  is  dried  for  half 
an  hour  in  a  water-oven  and  weighed.  On  heating  for  another  half  hour 
there  is  usually  a  further  slight  diminution  of  wei^t,  and  this  second 
weighing  may  be  considered  to  represent  the  correct  amount  of  caffeine, 
which,  when  mtdtipHed  by  ten,  denotes  the  percentage.  As  so  obtained 
the  caffeine  is  nearly  colorless,  and  possesses  a  quite  satisfact(ny  degree  of 
purity. 

Control  Experiments. — In  order  to  ascertain  that  no  caffeine  was  lost 
in  any  of  the  described  operations  a  number  of  control  experiments  were 
made. 

I. — ^Kfty  g.  of  finely  ground  coffee  was  thoroughly  extracted  in  a  Soxhlct 
apparatus  with  warm  alcohol,  after  which  the  material  was  dried  on  a 
steam-bath,  moistened  with  25  cc.  of  water,  and  allowed  to  stand  for  an 
hour.  It  was  then  extracted  for  6  hours  in  a  Soxhlet  apparatus  with  warm 
chloroform,  and  the  chloroform  extract  further  treated  according  to  the 
method  of  Lendrich  and  Nottbohm,^  but  no  trace  ot  caffeine  was  obtained. 
It  was  thus  evident  that  the  caffeine  had  previously  been  completely 
removed  by  extraction  with  alcohol. 

To  50  g.  of  mat^,  which  in  two  assays  by  the  above-described  method 
had  been  found  to  yield  1.33  and  1.34%,  respectively,  of  caffeine,  was 
added  an  alcoholic  solution  of  0.5  g.  of  anhydrous  caffeine,  and  the  whole 
completely  extracted  with  hot  alcohol  in  a  Soxhlet  apparatus.  This  ex- 
tract was  added  to  a  suspension  of  25  g.  of  heavy  magnesium  oxide  in  500 
cc.  of  water,  as  in  the  case  of  all  assays  when  50  g.  of  material  was  used. 
After  evaporating  the  mixture  to  dr3mess,  the  residue  was  treated  with 
water,  brought  on  a  filter,  and  washed  repeatedly  with  hot  water  tmtil  about 
one  liter  of  filtrate  was  obtained.  A  portion  of  the  aqueous  filtered  Uquid,.  * 
representing  10  g.  of  the  original  material,  was  heated  with  dil.  sulfuric 
add,  again  filtered,  and  extracted  with  chloroform,  when  0.2353  g.  of 
caffeine  was  obtained.  By  deducting  the  amount  of  added  caffeine^ 
corresponding  to  o.i  g.,  the  3deld  of  the  latter  from  the  mat£  was  0.1353  g. 
or  1.35%*  This  result  afforded  a  further  indication  that  the  caffeine 
originally  contained  in  the  drug  had  been  completely  removed,  and  that 
no  loss  had  occurred  in  the  process  of  assay. 

II. — ^As  the  second  step  in  the  process  consisted  in  evaporating  the  al- 
coholic extract  of  the  drug  with  a  suspension  of  magnesia,  it  was  deemed 
important  to  d>tain  the  assurance  that  there  was  no  loss  of  caffeine  b^ 
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adsorption  or  otherwise  during  this  treatment.  It  may  be  considered, 
however,  that  in  most  cases  the  magnesia  would  be  to  a  large  extent  with- 
drawn from  action  on  the  caffeine  through  its  combination  with  the 
tannin  and  other  acidic  substances  of  the  drug. 

To  5  g.  of  heavy  magnesium  oxide,  mixed  with  loo  cc  of  water,  was 
added  0.2084  g.  of  caffeine,  the  mixture  evaporated  to  dryness,  and  sub- 
sequently treated  as  in  the  described  method  of  assay.  The  amount  of 
pure  caffeine  recovered  by  extraction  with  chloroform  was  0.2045  g.  In 
another  experiment  0.21 18  g.  of  caffeine  was  added  to  a  suspension  of  10  g. 
of  magnesia  in  100  cc.  of  water,  and  the  mixture  treated  as  before.  The 
amount  of  caffeine  recovered  was  0.21 17  g.  It  will  thus  be  seen  that  under 
the  prescribed  conditions  the  use  of  magnesia  involves  no  loss  of  caffeine. 

It  was  observed  in  the  course  of  the  investigation  that  somewhat  lower 
3delds  of  caffeine  were  obtained  by  the  use  of  light  magnesia  than  with 
the  heavy  form,  which  is  evidently  due  to  the  more  gelatinous  character  of 
the  mixture  formed  with  the  light  magnesia,  and  the  greater  difficulty  of 
removing  the  caffeine  completely  from  it  by  washing.  It  was  also  found 
that  the  heavy  magnesium  oxide  is  ot  variable  character,  and  some  sped- 
mens  desigoated  as  "chemically  pure"  contained  considerable  quantities 
of  sodium  carbonate.  In  one  sample  the  amount  of  sodium  carbonate, 
calculated  as  anhydrous  salt,  was  •13-9%,  and  mudi  sulfate  and  chloride 
was  also  present.  Other  samples  contained  7.0  and  8.2%,  respectively, 
of  the  alkali  carbonate. 

In  order  to  ascertain  whether  sodium  carbonate  in  the  proportion  con- 
tained in  the  most  strongly  alkaline  sample  of  magnesia  caused  any  de- 
composition of  the  caffeine  in  the  process  of  assay,  the  following  experiment 
was  conducted:  Such  an  amount  of  anhydrous  sodium  carbonate  as 
would  be  contained  in  10  g.  of  the  magnesia  (1.39  g.)  was  dissolved  in  100 
cc.  of  water,  and  0.2003  g.  of  caffeine  added.  The  solution  was  then 
evaporated  to  dryness,  the  residue  dissolved  in  water,  and  the  filtered 
liquid,  amounting  to  200  cc.,  extracted  with  6  successive  portions  of  chloro- 
*form  of  25  cc.  each.  The  amotmt  of  caffeine  recovered,  dried  at  100^, 
was  o.  1 894  g.  Although  the  loss  in  this  instance  was  not  very  considerable, 
it  is  nevertheless  deemed  desirable  that  for  the  determination  of  caffeine 
by  the  proposed  method  the  magnesium  oxide  should  contain  no  appre- 
ciable amount  of  sodium  carbonate,  and  it  is  also  particularly  important 
that  the  heavy  form  of  magnesia  be  employed. 

ni. — As  one  of  the  essential  operations  in  the  proposed  method  of 
assay  consists  in  the  addition  of  dil.  sulfuric  acid  to  the  aqueous  liquid  ob- 
tained by  extracting  the  dry  magnesia  mixture  with  water,  and  maintaining 
the  add  liquid  in  active  ebullition  for  half  an  hour,  it  was  considered  im- 
portant to  ascertain  that  no  loss  of  caffeine  was  thus  incurred. 

To  a  solution  of  0.2136  g.  of  caffeine  in  200  cc.  of  water  20  cc.  of  10% 
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sulfuric  add  were  added,  and  the  liquid  kept  at  the  bailing  temperature 
for  half  an  hour.  It  was  then  allowed  to  cool  and  extracted  with  6  suc- 
cessive portions  of  chloroform  of  25  cc.  each.  The  amount  of  caffeine  ob- 
tained was  0.21 19  g.  It  was  thus  evident  that  no  loss  of  caffeine  had  been 
caused  by  this  treatment. 

rv. — ^An  experiment  was  finally  conducted  for  the  purpose  of  determin- 
ing that  no  loss  of  caffeine  resulted  by  shaking  its  chloroform  solution  with  a 
dil.  alkali. 

0.2000  g.  of  anhydrous  caffeine  was  dissolved  in  chldroform,  and  the 
solution  shaken  with  5  cc.  of  a  1%  solution  of  potassium  hydroxide.  After 
separating  the  chloroform  the  alkaline  liquid  was  washed  with  two  small 
successive  portions  of  chloroform,  the  imited  chloroform  solutions  passed 
through  a  small,  dry  filter,  the  solvent  removed,  and  the  residual  caffeine 
dried  at  100^.  The  amount  of  caffeine  recovered  was  0.1982  g.,  which 
indicates  that  in  the  process  of  assay  there  is  no  loss  of  caffeine  by  the  use 
of  alkali  for  its  purification. 

The  degree  of  purity  of  the  caffeine  obtained  by  the  proposed  method  of 
assay  was  ascertained  by  nitrogen  determinations,  using  the  Kjeldahl 
method.  As  a  control  experiment  a  specimen  of  commercial  caffeine, 
designated  as  U.  S.  P.,  was  examined. 

Subs.,  0.1500  g.  (anhydrous)  gave  ammonia  equivalent  to  30.8  cc.  of  o.i  N  HCl. 
Pound:  0.0431  N  or  0.1493  g.  caffeine.    Purity  99.5%. 

The  general  applicability  of  the  proposed  method  for  the  quantitative 
determination  of  caffeine  has  been  ascertained  by  the  examination  of  a 
number  of  vegetable  products  which  differed  greatly  in  their  physical 
characters  and  composition.  Although  it  is  not  desirable  as  a  rule  to 
employ  more  than  10  g.  of  material  for  the  purpose  of  assay,  in  some  in- 
stances 50  g.  or  even  larger  amounts  were  used  in  order  to  confirm  the 
accuracy  of  the  results.  With  such  material  as  the  so-called  "caffeine- 
free  coffee,'*  which  usually  contains  a  very  small  proportion  of  caffeine, 
it  is  important  that  at  least  20  g.  should  be  used,  and  50  g.  would  be 
preferable.  The  value  of  the  method  is  believed  to  have  been  shown  by 
the  dose  concordance  of  the  results  obtained  in  several  assays,  and  even 
with  the  larger  amounts  of  material  the  figures  are  in  remarkably  dose 
agreement. 

The  material  examined  in  the  course  of  this  investigation,  and  the 
observations  pertaining  thereto,  may  be  described  as  follows: 

X.  Green  Tea, — ^A  sample  of  fair  quality  jrielded  in  two  10  g.  assays  1.98  and  2.01%, 
respectively,  of  caffeine. 

2.  Black  Tea  (Oolong). — ^A  sample  of  ordinary  quality  jdelded  in  two  10  g.  assays 
243  and  244%,  respectively,  of  caffeine.  The  caffeine  obtained  from  tea  was  quite 
white,  and  evidently  of  a  high  degree  of  purity. 

3.  MaU  or  Paraguay  Tea. — (Prom  species  of  Hex,)  Two  10  g.  assays  yielded, 
respectively,  144  and  1.46%,  and  in  a  50  g.  assay  1.38%  was  obtained. 
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4.  Coffee,  Roasted  Java, — ^The  yield  in  a  10  g.  assay  was  1.22%,  and  in  two  50  g. 
assasrs  1.24  and  1.25%. 

5.  Coffee,  Roasted  Rio, — ^A  10  g.  assay  yielded  1.12%  and  a  50  g.  assay  1.07%. 
From  200  g.  of  the  same  coflfee  1.10%  was  obtained. 

6.  Coffee,  Roasted  Santos, — ^A  20  g.  assay  yielded  0.96%. 

7.  Coffee,  Natural  Santos, — ^A  sample  of  this  coffee  was  available  which  consisted 
of  a  mixture  of  (a)  green  and  (b)  dark  colored  beans.  As  the  latter  are  rejected  in  the 
process  of  sorting,  it  was  deemed  of  interest  to  ascertain  the  difference  in  rafffinr  con- 
tent of  the  two  kinds  of  beans. 

(a)  Green  Beaf^s. — ^A  20  g.  assay  3delded  0.97%  of  perfectly  white  caffeine. 

(b)  Dark  Colored  Beans. — ^A  20  g.  assay  3delded  0.71%  of  nearly  white  caffeine. 
Although  the  dark  ccdored  beans  contain  an  appreciably  smaller  proportioii  of 

caffeine  than  the  selected  ones,  they  would  still  appear  to  possess  considerable  value 
for  the  production  of  this  substance. 

8.  "Caffeine-free  Coffee," — ^A  sample  of  this  preparation,  in  a  20  g.  assay,  yielded 
0.08%  of  caffeine,  somewhat  dark  in  color. 

Through  the  courtesy  of  Dr.  Walter  H.  Evans,  Chief  of  Insular  Experi- 
ment Stations,  U.  S.  Department  of  Agriculture,  and  Mr.  T.  B.  McClel- 
land, horticulturist  of  the  Porto  Rico  Experiment  Station  at  Mayaguez, 
we  have  been  able  to  obtain  a  quantity  of  coffee  leaves  and  the  pulp  of 
the  coffee  berry.  Mr.  McClelland  has  kindly  communicated  the  follow- 
ing information  concerning  them: 

"As  the  coffee  plants  are  not  given  much  pruning,  the  amotmt  of  leaves 
as  a  waste  product  would  be  negligible  if  large  quantities  were  desired. 
A  small  amount  of  leaves  could  be  obtained  from  November  to  January,  as 
such  pruning  as  is  done  is  given  immediately  after  the  picking  of  the  crop." 

"Coffee  pulp,  immediately  after  breaking,  represents  approximately 
V«  of  the  total  weight  of  the  coffee  berries  as  picked.  About  5  pounds  of 
coffee  berries  are  required  to  furnish  one  pound  of  market  coffee.  As  the 
Porto  Rican  crop  varies  roughly  from  thirty  million  to  fifty  million  pounds, 
the  amount  of  fresh  pulp  would  run  from  fifty  to  eighty  million  potmds. 
The  water  content  of  this  would  be  very  high,  and  at  present  it  is  used 
only  for  manuring  purposes.  It  would  be  available  from  October  to 
February." 

9.  (a)  Coffee  Leaves. — Several  determinations  of  the  amount  of  caffeine  in  air- 
dried  leaves  gave  the  following  results :  Two  10  g.  assays  jrielded,  respectively,  0.85 
and  0.86%,  a  50  g.  assay  gave  0.85%,  and  from  100  g.  of  the  leaves  0.82%  was  ob- 
tained. The  stems  of  the  plant,  separated  from  the  leaves,  were  likewise  examined, 
but  in  a  50  g.  assay  yielded  only  0.087%.  On  extracting  a  larger  portion  (about  2 
kg.)  of  the  stems  with  hot  alcohol  a  considerable  quantity  of  a  handsome  crystalline 
substance  was  obtained.  This  substance,  after  repeated  crystallization  from  hot 
alcohol,  separated  in  snow-white,  felted  needles,  much  resembling  caffeine  in  appear- 
ance, but  it  gave  no  reaction  for  the  latter  compound  by  the  extremely  delicate  murexide 
test,  and  differed  otherwise  in  its  properties.  Its  more  complete  examination  will  be 
undertaken  for  the  purpose  of  determining  its  composition. 

9.  (b)  Coffee  Pulp. — This  material,  when  thoroughly  dried,  yielded  in  a  10  g. 
assay  0.88%  and  in  a  50  g.  assay  0.90%  of  perfectly  white  caffeine.    A  preliminary 
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eramhiatian  of  the  other  constituents  of  coffee  pulp  has  shown  that  they  possess  chemical 
interest,  and  it  is  intended  to  pursue  their  investigation. 

It  may  inddentally  be  noted  that  in  the  National  Standard  Dispensatory, 
third  edition,  1916,  p.  356,  the  statement  occurs  in  connection  with  ooffee 
substitutes  that  "the  pulp  of  the  berry  (sarcocarp)  is  practically  devoid  of 
caffeine."  This  is  not  in  accordance  with  our  observations,  inasmuch  as 
we  have  found  the  pulp  to  contain  such  an  amount  of  caffeine  as  to  render 
its  utilization  for  the  production  of  this  substance  worthy  of  consideration, 
especially  in  view  of  the  enormous  amoimts  of  material  available. 

10.  Guarana. — In  order  to  obtain  s^  much  evidence  as  possible  coocemiag  the 
general  applicability  of  the  proposed  method  of  assay,  it  was  deemed  desirable  to 
determine  the  amount  of  caffeine  in  guarana,  and  for  this  purpose  10  g.  of  material  was 
emplo3red.  As  .previously  noted,  it  was  found  to  be  important,  as  in  the  case  of  tea, 
to  heat  the  aqueous  filtrate  from  the  magnesia  mixture  with  20  ec.  of  10%  sulftuic 
add,  in  order  to  effect  the  hydrolysis  of  the  saponin  substances  b^ore  extracting  with 
chloroform.  In  the  latter  operation  on  accotmt  of  the  high  percentage  of  caffeine, 
10  portions  of  chloroform  of  25  cc.  each  were  employed.  The  yield  of  perfectly  white 
caffeine  was  4.20%. 

For  the  purpose  of  comparison  a  determination  of  caffeine  in  the  same 
material  was  made  by  the  IT.  S.  Pharmacopoeia  method  of  assay,  when 
4.27%  of  caffeine  was  obtained.  The  results  by  the  two  methods  are 
therefore  seen  to  be  in  very  dose  agreement,  but  the  newly  proposed 
method  is  believed  to  possess  some  advantages  over  that  oflfidally  adopted. 
One  of  these  advantages  omsists  in  avoiding  the  use  of  a  definite  voltmie 
of  a  filtered  chloroform  solution,  which  is  asstuned  to  represent  a  certain 
pxyportion  of  the  drug,  since  an  appredable  error  may  be  caused  through 
vcdatilization  of  the  solvent.  There  is,  furthermore,  a  more  economical 
iKe  of  diloroform,  for  by  the  proposed  method  this  solvent  is  recovered, 
whereas  the  Pharmacopoda  directs  it  to  be  evaporated,  and  it  is  conse- 
quently lost. 

The  results  obtained  by  the  exanunation  of  the  above-described  material 
are  summarized  in  the  following  table,  in  which  are  recorded  the  3ridds  of 
caffeine  by  direct  gravimetric  determinations  and  also  by  the  determination 
of  nitrogen  in  the  products. 

The  kaves  of  several  plants  have  at  various  times  and  in  different 
countries  been  used  as  a  substitute  for  tea.  An  opportunity  was  afforded 
us  of  examining  some  of  these  tea  substitutes  in  order  to  ascertain  whether 
they  contain  caffeine. 

Ehretia  macrophylla,  Wall.  (Fam.  Borraginaceae). — ^A  small  quantity 
of  the  leafy  twigs  of  this  tropical  plant  was  available  through  the  kindness 
of  Mr.  Geo.  F.  Mitchell,  Supervising  Tea  Examiner  of  the  Treasury 
Department,  who  had  received  it  from  Adn.  Hernandez,  Director  of 
Agriculture  in  the  Btu-eau  of  Agriculture  of  the  PhiUppines.  This  plant 
is  known  in  the  Philippines  as  "Forest  Tea,"  or  by  the  vernacular  name  of 
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Chaa-bundoc.  It  is  stated  by  Mr.  Mtchell  that  the  beverage  prepared 
from  it,  while  not  objectionable,  has  no  pronounced  or  characteristic 
flavor  that  would  commend  it  to  Americans.  No  trace  of  caffeine  could 
be  detected  in  it,  and  neither  the  leaves  nor  the  stems  of  the  plant  re- 
sponded to  the  general  tests  for  an  alkaloid. 

Percentage  yield  of  caffeine,         Percentage  yield  of  caffeine, 
grayimetric.  calculated  from  nitrogen. 

Name  of  material.  10  g.  assay.  50  g.  assay.  10  g.  assay.          50  g.  assay. 

1.  Green  Tea i.98;2.oi  1.95 

2.  Black  Tea  (Oolong) 2.43;  2.44  ..     2.39 

3.  Mat6  (Paraguay  Tea) 1.44;  1.46  1.38  i-33;i-35            i 

4.  Coflfee,  Roasted  Java 1.22  1.24;!. 25  1.15  1.16 

5.  Coffee,  Roasted  Rio 1.12  1.07      •  1.05  i 

6.  Coffee,  Roasted  Santos. . .          0.96  0.93 

7.  Coffee,  Natural  Santos: 

(a)  Green  beans 0.97  0.94 

(b)  Dark  colored  beans. .  0.71  ..                  0.69 

8.  "Caffeine-free  Coffee" —  0.08  0.06 

9.  Coffee  Leaves  and  Pulp: 

(a)  Leaves 0.85  0.85  0.77  o. 

(b)  Pulp 0.88  0.90  0.80  o. 

10.  Guarana 4.20 

NoTS. — ^A  200  g.  portion  of  Rio  Coffee  3rielded  1.10%  of  caffeine  and  a  100  g.  por- 
tion of  coffee  leaves  yielded  0.82%. 

Ceanothus  Americanus,  Linnd  (Fam.  Rkamnaceae). — ^The  leaves  of  this 
plant,  commonly  known  as  **New  Jersey  Tea,"  are  said  to  have  been  used 
as  a  substitute  for  tea  during  the  American  Revolution.  A  small  quantity 
of  the  leaves  was  collected  by  Dr.  R.  M.  Harper  on  October  i  in  woods 
near  Washington.  No  caffeine  could  be  found  in  the  leaves,  which, 
however,  gave  decided  general  reactions  for  the  presence  of  an  alkaloid. 

Psychotria  undaia,  Jacq.  (Fam.  Rubiaceae). — Through  the  courtesy  of 
Mr.  Charles  T.  Simpson,  of  Little  River,  Pla.,  a  small  quantity  of  the 
leaves  and  fruit  of  this  plant  was  collected  for  us.  Inasmuch  as  it  be- 
longs to  the  same  botanical  family  as  that  of  the  coffee  plant,  and  is 
locally  known  as  *'wild  coffee,"  it  seemed  desirable  to  consider  the  possible 
presence  of  caffeine,  but  none  of  this  substance  could  be  found  in  either 
the  leaves  or  the  fruit. 

Washinoton,  D.  C. 
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[Contribution  from  ths  PHYTocHBBacAL  LiiBORATORT,  Bureau  of  Chsbostry, 
U.  S.  Department  of  Agricui^ture.] 

ILEX  VOMITORIA  AS  A  NATIVE  SOURCE  OF  CAFFEINE, 

By  Frederick  B.  Power  and  Victor  K.  Chesnut. 

Received  June  2,  1919. 

Ill  conneetion  with  the  war  activities  of  the  National  Research  Council 
aquestion  was  submitted  to  the  Chemistry  Committee,  of  which  at  the  time 
lieut.  Col.  Bogert  was  chairman,  respecting  "the  possibility  of  increasing 
the  present  production  of  caffeine,  and  the  utilization  of  other  sources  than 
tea."  This  problem  was  referred  to  one  of  the  present  authors,  as  chairman 
of  the  sub-committee  on  Pharmaceutical  Chemistry,  for  investigation. 

The  occurrence  ci  caffeine  in  several  distinct  families  of  plants  is  quite 
remarkable,  and  it  is  also  an  interesting  fact  that  it  is  chiefly  the  plants 
containing  caffeine  which  have  been  employed  in  different  countries  for 
beverage  purposes.  In  this  connection  it  may  furthermore  be  noted  that 
the  occurrence  of  caffeine  appears  to  be  restricted  to  certain  species  of  a 
genus,  for  it  has  been  stated  that  a  number  of  species  of  Coffea  do  not 
contain  it,  and  the  same  conditions  have  previously  been  observed,  and 
now  confirmed  by  us,  with  regard  to  plants  belonging  to  the  genus  Ilex. 

The  chief  source  of  caffeine,  as  is  well  known,  is  tea,  and  for  its  commer- 
cial production  the  inferior  qualities,  damaged  material,  and  the  dust 
obtained  by  sifting  the  leaves  are  generally  employed.  Although  the  so- 
called  Maii,  Verba  Mati,  or  Paraguay  Tea,  which  is  said  to  be  yielded  by 
several  South  American  species  of  Ilex,  but  is  generally  referred  to  Ilex 
paraguariensiSt  St.  Hilaire,  contains  a  notable  proportion  of  caffeine, 
it  appears  not  to  be  utilized  for  the  preparation  of  this  substance.  Never- 
theless, according  to  a  report  from  William  C.  Downs,  ^  commercial  attach^ 
at  Rio  de  Janeiro,  the  amounts  of  Verba  MaU  exported  from  Brazil  during 
the  first  6  months  of  the  years  1916  and  1917,  presumably  for  beverage 
purposes,  were,  respectively,  40,441  and  24,483  metric  tons. 

The  occurrence  of  caffeine  in  the  above-mentioned  species  of  Ilex  sug- 
gested a  more  complete  examination  of  the  North  American  species  than 
had  heretofore  been  made.'  In  an  article  published  by  Henry  M.  Smith,* 
under  the  title  of  "Yaupon,"  the  author  states  that  this  is  "the  name  given 
by  the  Indians  to  the  leaves  of  Ilex  cassine,  a  plant  indigenous  to  the 
southern  states,  but  found  only  along  the  coast  from  Florida  to  North 
Carolina.^    Mixed  with  the  leaves  of  other  species  of  the  same  plant, 

*  The  Official  BulleUn,  Washington,  D.  C,  September  21,  1917,  p.  5. 
«  Comp^e  Wchmcr,  Die  Pflantensioffe,  igii,  pp.  45^457- 

»  Sci.  Am.,  March  30,  1872  and  Am,  /.  Pharm.,  44,  216  (1872). 

*  According  to  recent  information  from  Dr.  R.  M.  Harper,  the  Hex  tomitoria  is 
still  known  locally  by  different  common  names.  It  is  commonly  called  "snipon"  in 
Virginia  and  northeastem  North  C^olina  and  also  tn  Florida  and  Texas,  "yopon''  in 
southern  North  Carolia^-  «lid  ''oassena"  in  South  Carolina. 
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Ilex  vomitoria  and  Ilex  dahoon,  it  fonned  'Cassena,'  the  basis  of  their 
famous  'black  drink/  which  was  used  by  the  red  men  as  a  medicine^ 
and  as  a  state  drink  at  some  of  their  religious  festivals."  The  author  has 
also  noted  that  "Yaupon  is  largely  used  in  the  south  as  a  substitute  for 
tea,  coffee,  and  other  stimulants;  and  it  is  reputed  to  be  very  beneficial 
to  inebriates  who  wish  to  cure  themselves  of  the  love  of  liquor."  The 
constituents  of  "Yaupon,"  as  recorded  by  Smith,  such  as  volatile  oil, 
resin,  chlorophyll,  gum,  etc.,  render  it  evident  that  he  employed  for  his 
investigation  the  unaltered  leaves  of  the  plant,  and  not  the  pardied  mix- 
ture of  leaves  and  twigs  to  which  the  name  ''Yaupon"  is  also  applied. 
Smith*  appears  to  have  been  the  first  to  have  noted  the  presence  of  caffeine 
in  a  Nortii  American  species  of  Ilex,  and  gives  the  amount  foimd  as  o.  122%, 
which  was  observed  to  agree  very  closely  with  the  proportion  of  0.13% 
fotmd  by  Stenhouse  in  Paraguay  tea.  These  very  low  percentages  are 
doubtiess  to  be  attributed  to  imperfect  methods  of  assay,  since  both  kinds 
of  material  are  now  known  to  contain  very  much  larger  amounts  of  caffeine. 

An  important  contribution  to  the  subject  under  consideration  is  a  pub- 
lication by  Dr.  EI  M.  Hale,*  entitied:  **Ilex  cassine,*  the  aboriginal 
North  American  tea;  its  history,  distribution,  and  use  among  the  native 
North  American  Indians."  After  referring  to  the  use  of  the  shrub  by  our 
native  Indians  and  by  the  white  people  who  once  adopted  it  as  a  beverage, 
Dr.  Hale  remarks  that  ''tiie  reason  for  its  disuse  is  hard  to  discover,  for, 
in  common  with  the  tea  and  mat£,  it  contains  caffeine  or  a  similar  alkaloid. 
The  object  of  this  paper  is  to  examine  its  history,  to  suggest  its  restoration 
to  a  place  among  the  stimulant  beverages,  and  to  inquire  into  its  possible 
economic  value." 

In  a  paper  of  much  interest  entitled,  ''Narcotic  plants  and  stimulants 
of  the  ancient  Americans,"  by  W.  E.  Safford,^  of  the  Bureau  of  Plant  In- 
dustry, U.  S.  Department  of  Agriculture,  the  "black  drink"  of  Florida  and 
the  Carolinas  has  been  considered.  This  is  accompanied  by  an  excellent 
illustration  of  Ilex  vomitoria  and  a  reproduction  of  an  old  print,  dated 
1564,  showing  the  black  drink  ceremony  as  performed  in  northern  Florida. 

In  the  above-mentioned  publication  by  Hale  reference  is  made  to  some 
analyses  by  F.  P.  Venable  of  leaves  designated  as  Ilex  cassine,  which  had 
been  recorded  at  an  earlier  date.'  It  was  stated  by  Venable  that  leaves 
procured  from  Newbem,  N.  C,  during  the  winter  of  1883  yielded  0.32% 

*  Loc.  cit. 

*  U.  S.  Dept.  Agr.,  Div.  of  Bot.,  Bull.  14,  1891. 

*  Much  confusion  appears  to  exist  with  regard  to  the  botanical  names  of  certain 
species  of  Ilex.  The  Ilex  cassine  of  Walter  (but  not  of  Ltnn6)  is  the  Ilex  vomitoria, 
Aiton,  and,  as  we  have  shown,  it  is  only  the  species  to  which  the  latter  name  is  now 
assigned  which  contains  caffeine. 

<  Annual  Report  of  the  Smithsonian  Institution,  19x6,  p.  416. 

>  Elisha  Mitchell,  Set.  Soc.,  84t  H*  85  (1S83);  Xhi3  Jouxnau  7»  100  (1885). 
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of  caffeine,  and  that  in  the  following  May  leaves  obtained  from  the  neigh- 
borhood of  Wilmington,  N.  C,  were  fotmd  to  contain  0.27%  of  caffeine. 

Experimental. 
Through  the  kind  co5peration  of  Mr.  Frederick  V.  CoviUe,  botanist  of 
the  U.  S.  Department  of  Agriculture,  Btu-eau  of  Plant  Industry,  we  have 
been  able  to  obtain  a  considerable  ntunber  of  representative  samples  of 
Ilex  vomitoria  for  the  ptu^pose  of  chemical  examination.  This  material 
was  personally  collected  during  the  summer  of  19 18  by  Dr.  Roland  M. 
Harper,  who,  through  his  previous  botanical  explc^-ations  in  the  south- 
eastern states,  was  thoroughly  familiar  with  the  plant  and  the  localities 
where  it  is  most  abundant.  In  the  present  instance  the  leaves  were  col- 
lected at  various  places  in  the  coastal  region,  extending  from  Virginia  to 
Texas,  and  from  plants  growing  under  different  conditions  of  soil  and 
dimate.  In  all  cases  the  leaves,  stripped  from  the  branches,  were  sent  to 
us  immediately  after  gathering,  and  were  then  dried  in  the  air,  without 
artificial  heat.  The  following  entuneration  of  the  different  samples  of 
leaves  will  indicate  the  localities  fxom  which  they  were  obtained,  and  ref- 
erence will  be  made  to  these  numbers  in  stating  their  caffeine  content. 

I.  Cedar  Island,  in  Back  Bay,  Princess  Anne  Co.,  Va.;  (a)  from  plants  growing 
wild;  {b)  from  cultivated  plants  in  garden  at  Munden,  Va.  2.  Smith's  Island,  at  mouth 
of  Cape  Fear  River,  N.  C.  3.  About  3  miles  north  of  Georgetown,  S.  C.  4.  Tybee 
Island,  Ga.  5.  Coquina  hammock,  Anastasia  Island,  Pla.  6.  Sandy  hammock,  in. 
central  part  of  Wakulla  Co.,  Pla.  7.  St.  George's  Island,  Franklin  Co.,  Pla.  8.  Ham- 
mocks near  Kountze,  Hardin  Co.,  Tex;  (a)  young  leaves;  (6)  older  leaves.  9.  Rocky 
banks  of  Bee  Creek,  Travis  Co.,  Tex.  10.  Bottoms  of  Brazos  River,  Brazoria  Co., 
Tex. 

In  all  of  the  above-mentioned  samples  the  amount  of  caffeine  was  quan- 
titatively determined  according  to  the  method  which  has  been  fully  de- 
scribed by  us  in  the  preceding  paper.  It  may  be  noted,  however,  that  in 
the  present  investigation,  for  the  purpose  of  control,  quantitative  de- 
terminations of  the  caffeine  were  also  made  with  50  g.  of  each  of  the 
samples,  although  ordinarily  the  use  of  mc^-e  than  10  g.  of  material  is 
neither  necessary  nor  advisable.  The  same  method  of  procedure  as  that 
already  described^  was  followed,  with  the  exception  that  for  50  g.  of  the 
leaves  25  g.  of  magnesium  oxide  was  employed,  and  about  one  liter  of 
aqueous  filtrate  was  obtained.  This  was  heated  with  50  cc.  of  a  10% 
soluticm  of  sulfuric  add,  and,  after  filtration,  the  liquid  was  extracted  with 
20  successive  portions  of  chlc^-oform  of  25  cc.  each,  the  imited  chloroform 
extracts  being  finally  shaken  with  25  cc.  of  a  1%  solution  of  potassium 
hydroxide.  The  results  of  the  two  series  of  determinations  will  be  seen 
to  be  in  dose  agreement,  thus  indicating  the  accuracy  of  the  method. 
This,  moreover,  has  been  confirmed  by  numerous  assays  of  other  vegetable 

» Loc,  cU,^  p.  1300. 
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material  of  different   character,   which   are   recorded   in  the  preceding 
publication. 

Amounts  of  Caffeine  Pound  in  Different  Samples  of  Leaves. 

Percentage  of  caffeine. 

Number  of  ^ *  ■  ^ 

•ample.  10  g.  assay.  50  g.  assay. 

i(a) i.29;i.3o  1.25 

1(6) 1.25  1. 21 

2 0.57  0.54 

3 0.95  0.92 

4 0.39  0.38 

5 o.99;o.99  0.95 

6 0.80  0.78 

7 0.40  0.40 

8(a) 0.95  0.89 

8(6) 0.32;  0.36;  0.36  0.35 

9 1.63;  1.67  1.65 

10 0.84;  0.88  0.79 

In  addition  to  the  above-mentioned  collection  of  leaves  of  Ilex  wmitoria 
we  were  able  to  examine  two  samples  of  leaves  from  cultivated  plants. 
These  were  procured  through  the  kind  cooperation  of  Dr.  David  Fairchild, 
of  the  Bxu-eau  of  Plant  Industry,  and  they  were  both  definitely  identified 
by  Mr.  W.  E.  Safford  as  the  leaves  of  Ilex  vomitoria,  Alton.  One  of  these 
samples,  received  early  in  September,  was  obtained  from  Glen  St.  Mary, 
Fla.  Two  10  g.  assays  yielded  1.38  and  1.42%,  respectively,  of  caJSeine, 
and  in  a  50  g.  assay  1.40%  of  caffeine  was  obtained.  The  other  sample 
of  cultivated  leaves  was  received  from  a  nursery  at  Augusta,  Ga.,  and 
had  been  collected  in  the  month  of  October.  It  was  stuT)rising  to  find  that 
these  leaves  were  almost  completely  devoid  of  caffeine.  By  the  described 
method  of  assay  10  g.  of  the  leaves  yielded  0.17%  of  a  product  which  was 
only  partly  crystalline.  When  this  was  treated  with  water,  and  the 
aqueous  liquid  evaporated,  a  color  reaction  was  obtained  by  the  murexide 
test  which  was  comparable  with  that  produced  by  o.i  mg.  of  caffeine. 
In  view  of  this  anomalous  result  a  sample  of  leaves  was  collected  in  the 
month  of  April  from  the  same  shrub  and  again  examined.  A  10  g.  assay 
of  the  leaves  yielded  but  0.16%  of  a  partly  crystalline  product,  which,  by 
comparative  color  tests,  could  not  have  contained  more  than  about  0.5 
mg.  of  ptu-e  caffeine.  Although  the  amount  of  caSeine  in  the  designated 
sample  of  cultivated  leaves  was  so  extremely  small  that  it  might  easily 
have  been  overlooked,  the  fact  of  its  presence  afforded  a  satisfactory  con- 
firmation of  the  botanical  indentification  of  the  leaves  as  those  of  Ilex 
vomitoria. 

It  was  deemed  desirable,  by  nitrogen  determinations,  to  ascertain  the 
degree  of  purity  of  the  caffeine  obtained  from  the  leaves  of  Ilex  vomitoria 
although  such  determinations  by  the  Kjeldahl  method  had  previously 
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Ilex  vomitoria,  a  shrub  of  the  Southeastern  United  States,  with  specimens  of  caffeine 
obtained  from  its  leaves.     Natural  size. 
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been  made  with  the  products  of  assay  from  a  considerable  variety  of  ma- 
terial, and  with  fairly  uniform  results. 

(a)  Caffeine  from  a  50  g.  assay  of  leaves  from  wild  plants,  collected  near  George- 
town, S.  C.  (No.  3). 

Subs.,  0.1  g.  gave  ammonia  equivalent  to  19.1  cc  o.z  N  HCl,  corresponding  to 
ox)268  N  or  0.0928  caffeint.    Yield  of  caffeine:  by  weight,  0.92%;  calc.  from  N,  0.85%. 

(b)  Caffeine  from  a  50  g.  assay  of  leaves  from  cultivated  plants,  obtained  from 
Glen  St  Mary,  Fla. 

Subs.,  o.i  g.  gave  ammonia  equivalent  to  19.4  cc.  o.i  N  HCl,  corresponding  to 
0.0272  N  or  0.0942  caffeine.    Yield  of  caffeine:  by  wdght,  1.40%;  calc.  from  N,  1.32%. 

It  has  already  been  noted  that  for  the  preparation  of  the  so-called 
"black  drink,"  as  in  later  times  for  making  "yaupon  tea/'  the  leaves  of 
Ilex  vomitoria  were  first  parched  before  being  infused  or  boiled  with  water. 
In  order  to  ascertain  Whether  the  caffeine  was  destroyed  by  this  treatment, 
a  quantity  of  such  material  was  prepared  for  us  in  the  accustomed  manner 
by  a  native  of  Virginia  under  the  personal  observation  of  Dr.  R.  M. 
Harper.  The  plants  used  for  this  purpose  were  those  grown  in  a  garden 
at  Munden,  Va.,  the  leaves  of  which  had  previously  been  assayed  for  caf- 
feme,  and  are  designated  in  the  tabular  list  as  i  (6).  As  tibe  material 
consisted  of  a  parched  mixture  of  broken  leaves  and  stems,  which  had  a 
very  unpleasant  smoky  odor,  it  was  necessary  to  grind  the  whole  of  it  in 
orcter  to  obtain  a  uniform  sample  for  the  determination  of  the  caffeine. 
Fifty  g.  of  the  resulting  black  powder  was  treated  according  to  the  de- 
scribed method  of  assay,  when  the  ]aeld  of  slightly  yellowish  caffeine 
was  0.5217  g.  or  1.04%.  Inasmuch  as  the  material  examined  contained 
a  considerable  proportion  of  the  woody  stems  of  the  plant,  together  with 
the  leaves,  botii  of  which  were  in  a  more  or  less  charred  condition,  the 
amount  of  caffeine  fotmd  was  quite  unexpected.  In  comparing  the  caf- 
feine content  of  this  material  with  that  of  the  corresponding  sample  of 
leaves  (1.21%),  it  should,  however,  be  considered  that  it  had  been  very 
much  more  highly  dried. 

The  result  obtained  by  the  examination  of  the  so-called  "yaupon" 
renders  it  evident  that  the  high  temperature  to  which  the  material  had 
been  exposed  had  not  caused  the  destruction  of  the  caffeine,  and  that 
a  beverage  prepared  from  it  would  possess  decided  stimulating  properties. 

In  the  course  of  the  present  work  it  was  deemed  important  to  examine 
the  leaves  of  all  the  available  American  species  of  Ilex  for  the  presence  of 
caffeine,  although  previous  investigators  had  shown  this  to  be  absent  in  sev- 
eral species,  including  the  European  holly.  Ilex  aquifolium,  Linn^.^  Sam- 
ples of  leaves  of  the  following  species  of  Ilex  were  therefore  obtained,  and 
our  thanks  are  due  to  Mr.  W.  £.  Safford,  of  the  Bureau  of  Plant  Industry, 
for  their  careful  botanical  identification. 

Ilex  cassine,  Linn^,  from  Little  River,  Fla. 
>  Compare  Wehmer,  Die  Pflansensioffe,  19x1,  p.  456. 
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Ilex  glabra,  Gray,  from  vicinity  of  Orlando,  Fla. 

Ilex  laevigata,  Gray,  from  East  Hyattsville  Swamp,  Md. 

Ilex  myrtifolia,  Walter,  from  plants  cultivated  at  Glen  St.  Mary,  Fla. 

Ilex  opaca,  Aiton,  from  different  localities  near  Orlando,  Fla.,  and  also 
from  vicinity  of  Hyattsville,  Md. 

In  none  of  the  above-mentioned  species  of  Ilex  cotdd  any  trace  of  caffeine 
be  detected. 

Sunmiaiy. 

The  results  of  this  investigation  have  demonstrated  that  an  abundant 
source  of  caffeine  is  available  in  one  of  our  native  plants,  namely,  Ilex 
vomUoria,  Aiton.  Although  considerable  differences  in  the  caffeine  con- 
tent of  the  leaves  of  the  plant  have  been  found  to  exist,  these  are  doubt- 
less attributaUe  to  varying  conditions  of  soil  and  climate.  It  would  there- 
fore appear  that  by  the  cultivation  of  the  shrub  under  the  most  favorable 
conditions  the  supply  of  material  for  the  production  of  caffeine  could  be 
increased  to  any  desired  extent. 

So*  far  as  has  at  present  been  ascertained  no  other  North  American 
species  of  Ilex  than  that  above  mentioned  contains  caffeine,  and  this  sub- 
stance is  also  not  contained  in  the  leaves  of  the  Bturopean  hdily.  Ilex 
aquifoUtmij  Linn^. 

In  conclusion  the  authors  desire  to  express  tl^ir  indebtedness  to  Mr. 
Frederick  V.  Coville,  of  the  Bureau  of  Plant  Industry,  for  his  generous  oo- 
(q>eration  in  securing  most  of  the  material  for  this  investigation,  and  our 
thanks  are  also  due  to  Dr.  Rdand  M.  Harper,  who  had  so  carefully  col- 
lected the  required  samples  of  leaves  otilex  vomitoria  over  a  wide  range  of 
territory. 

WAaHDfOTQlf,   D.   C. 


NOTE. 

Correction. — In  the  articles  on  Halogenation  XVII  and  XVIII  appearing 
in  the  February,  191 9  Journai^,  the  following  corrections  should  be 
made: 

P.  287,  line  7  of  article:  for  nitrite  read  nitrile. 

P.  288,  line  1 7,  read  as  follows :  By  the  action  of  bromine  on  magnesium 
ethyl  iodide,  ethyl  bromide  is  obtained. 

P.  292:  Title  of  article  should  read  "Direct  lodination." 

R.  If.  Datta. 

78  Majucktoi^a  St., 
Cai^cutta,  Iwdza. 
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Chamistiy  ki  Old  Pbyaielphia.  zst  Edition.  By  Bix2AK  F.  Sioth,  University  of 
Bennsyiyank.  J.  B.  I^pinoott  Company,  Philadelphia,  1919.  zo6  pp.  6 
figures.    24.5  X  16.5  cm. 

The  Tobxmt  is  a  brief  but  very  interesting  and  valuable  account  of 
the  many-sided  activities,  chemical,  literary,  and  political,  of  the  follow- 
mg  men:  deNormandie,  Benjamin  Rush,  Priestley,  James  Woodhouse, 
Thomas  P.  Smith,  Ajidrew  and  Henry  Seybert,  John  Redmond  Coxe, 
Thomas  Cooper,  W,  H.  Keating,  Gerard  Troost,  and  Joseph  Cloud. 
On  account  ci  it,  American  diemists  owe  an  additional  debt  to  Dr.  Smith 
for  the  light  he  has  thrown  on  the  devdopment  of  chemistry  in  this  coun- 
try. The  subject  is  so  interesting  that  one  regrets  that  the  book  could 
not  have  been  expanded  and  the  contributions  of  the  various  men  some- 
what more  critically  evaluated.  We  would  wish  to  know  nK)re  of  what 
Rush  himsdf  did,  personally  or  through  his  students,  to  carry  on  the  in- 
spiration  of  Joseph  Black. 

The  work  of  Priestley  in  this  country  is  but  briefly  noted,  and  must 
wait  for  a  separate  volmne  such  as  have  detailed  for  us  the  work  of  Hare 
Bad  Woo<fiiouse.  Special  attention  has  been  paid  to  the  Seyberts,  father 
and  son,  for  their  ptoneer  work  in  mineralogy;  to  Coxe,  who  was  a  philo- 
sophical rather  than  a  practical  chemist;  ami  to  Cooper,  one  of  the  most 
interestfaig  figures  of  the  period.  In  1790  Priestley  wrote  a  vigorous 
letter  to  Joseph  Banks,  the  President  of  the  Royal  Society,  protesting 
against  the  failure  to  dect  Cooper  to  membership  in  the  Society  on  ac- 
comit  of  the  radical  poUtical  views  espoused  by  Cooper.  He  evidently 
brought  his  vigorous  political  interest  with  him  to  this  country  to  which 
he  came  in  1793  to  see  "whether  it  was  a  place  fit  to  live  in.'' 

It  would  seem  as  if  too  mudi  stress  has  been  laid  on  deNormandie's 
analysis  of  the  Bristow  Mineral  Waters  and  his  application  of  quantita- 
tive nretfaods.  While  the  use  of  a  balance  was  new  in  America,  in  Europe 
it  was  not  an  unusual  procedure  in  water  analysis  at  that  time.  The 
credit  due  to  Lavoisier  in  this  connection  is  not  that  he  was  the  first  to 
use  the  balance,  but  that  he  was  the  first  to  apply  it  to  the  general  quanti- 
tative study  of  chemical  reactions  from  the  standpoint  of  the  conserva- 
tion of  matter;  although  even  in  this  he  had  been  preceded  by  Black, 
whoee  studies,  however,  while  classic,  were  brief. 

Dr.  Smith  has  dted  a  partial  list  of  chemical  texts  which  were  re-pub- 
lished  and  oft-times  re-edited  in  America.  Most  of  these  were  of  English 
origin.  There  might  be  added  to  the  list  of  French  works  Lavoisier's 
Chemistry  (1806),  and  Berthollet's  "Researches  on  the  Laws  of  Chemical 
Aflhiity,"  Baltimore,  1809.  The  author  of  "Conversations  on  Chemistry" 
referred  to  is  Jane  (Haldemand)  Marcet.  The  volume  appeared  in  Eng- 
land in  1806,  and  probably  the  first  American  edition  was  issued  from 
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Sidney's  press  for  Increase  Codce  &  Company  (New  Haven,  1809).  This 
had  as  a  frontispiece  a  picture  of  the  pneumatic  cistern  at  Yale  Univer- 
sity.* John  Griscom,  the  Quaker  chemist,  was  in  Geneva,  Switzerland,  in 
1818,  and  has  the  following  paragraph  in  his  journal:  "We  afterward 
called  on  Dr.  Marcet  and  were  introduced  to  his  wife,  known  as  the  very 
sensible  and  judicious  author  of  the  "Conversations  on  Chemistry/'  and 
more  recently  a  work  on  "Political  Economy." 

Would  it  not  have  been  of  service,  if  it  had  been  pousted  out  scunevdaalt 
more  clearly  in  this  and  Dr.  Smith's  other  most  valttable  volumes,  that 
American  Chemistry  was  not  an  isolated,  independent  devek)pment^  bat 
was  simply  a  phase  of  the  rapid  growth  that  characterized  sdtace  at  that 
time  in  England  and  France.  Many  of  the  Americans  had  received 
much  of  their  training  in  Paris,  London  and  Edinburgh,  and  the  discov- 
eries and  reports  on  pure  and  applied  chemistry,  for  instance,  of  Dafttdn, 
Davy,  Gay-Lussac,  Thenard,  Nicholson,  Accum  and  TJta  were  as  iamiUar 
on  this  side  of  the  Atlantic  as  on  the  other.  There  was  constant  exchai^^ 
of  knowledge  and  ideas  across  the  ocean.  It  is  no  disparagemeat  to  the 
work  in  America  to  realize  the  close  sdentifie  association  with  the  motiier 
coimtry.  We  must  admit,  too,  that  rdativdy  few  new  things  srett  dis- 
covered in  America  with  the  exception  of  Woodhouse's  oxyhydrogen 
blowpipe,  and  some  of  Hare's  contributions.  There  was  shown,  howefrer, 
by  the  American  chemists  an  eager  desire  to  comprehend  and  substantiate 
the  new  theories  of  chemistry,  together  with  a  constant  effort  to  rq>eat 
the  practical  experiments  about  which  they  had  read,  to  spread  the  knowl- 
edge of  chemistry  abroad  among  the  people,  and  to  utilize  it  wheiievei' 
possible  for  the  further  development  of  tedmicfd  arts.  These  aim8> 
although  worthy  of  high  praise,  were  not  epoch-making.  * 

This  volume  can  be  heartily  commended  to  American  cheinfists,  sihoe 
there  are  few  more  interesting  topics  than  the  story  of  how  the  "Cheifilcal 
Revolution"  influenced  the  new  republic.  F.  Bw  Dains. 

Essentials  of  Modem  Chemistry,    By  Chari«bs  E.  Dvuh.    Henry  Holt  &  Co^  New 
York  City,  1 91 8.    ix  +  458  pp.     12.5  x19  cm.    $1.40. 

This  is  another  text-book  intended  for  secondary  schools.  In  the  pre- 
face the  author  says  that  his  aim  has  been  to  make  the  book  practical 
and  to  show  the  relation  of  chemistry  to  daily  life  without  neglecting  the 
fundamental  principles  upon  which  the  science  is  based.  He  has  ap- 
parently forgotten  that  another  important  ideal  to  be  ever  kept  in^  mind 
is  to  teach  the  sdentiflc  method  of  thought  while  considering,  the  ^  facts 

^  An  edition  called  ''The  Second  American"  appeared  in  Philadelphia  tl^e, same 
year  containing,  in  place  of  the  description  of  the  pneumatic  cistern  of  Yale  College 
and  a  note  about  Davy's  discovery  of  the  alkalies,  an  "Appendix  consisting  of  a  de- 
scription, with  a  plate  and  the  manner  of  using  of  the  n^w  hydro-pneumatic 'blowpipe 
invented  by  Mr.  Joseph  Cloud,  of  the  mint  of  the  United  States."  ' 
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and  principles  of  chemistry.  The  author  also  calls  attention  to  the  fact 
that  the  4  chapters  pCLI-XV)  dealing  with  the  atomic  theory,  equiva- 
lent and  molecular  weights*  valence,  and  equations  have  been  grouped. 
To-day  there  are  many  chemistry  teachers  in  schools  and  colleges  who 
believe  that  the  consideration  of  each  chemical  theory  should  be  intro- 
duced only  where  it  is  really  needed  to  explain  certain  phenomena.  Cer- 
tainly we  would  prefer  not  to  concentrate  our  study  of  these  most  di£S- 
cuh  topics  in  4  successive  chapters.  But  the  author  is  undoubtedly  on 
the  right  track  when  he  discusses  the  principles  of  metallurgy  by  means 
of  a  few  .typical  metals,  such  as  iron  and  aluminum,  instead  of  by  a  de- 
tailed description  of  a  great  variety  of  metals. 

Wm  this  Ixx^  stimulate  the  average  boy  or  girl  to  study  chemistry? 
This  is  at  least  doubtful  because,  in  the  first  place,  it  is  not  written  in  an 
attractive  style.  Its  bare  concise  statements  of  chemical  facts  read  much 
like  the  syllabus  of  a  course  in  general  chemistry.  It  would  require  an 
excqrtionally  live  and  enthusiastic  teacher  to  make  such  a  book  go.  Then, 
too,  its  mechanical  construction  is  far  below  the  standard  set  by  our  best 
modem  school  books.  Surely  there  is  little  excuse  for  muddy  half-tones, 
ragged  line  cuts,  and  broken  type. 

On  the  whole,  there  does  not  appear  to  be  much  of  special  interest  in 
the  book,  although  an  experienced  teacher  will  find  here  and  there  some 
clever  methods  of  presenting  certain  difiBcult  topics,  such  as  mixtture  and 
compound,  catalytic  agents,  combustion  and  fire  extinguishers,  fractional 
crystallization,  ionizing  agents,  and  the  replacement  series. 

N.  Henry  Black. 

RazBusT  Latdt  Schooi«, 
Boston,  Mass. 

The  Chemical  Analysis  of  Iron.    Eighth  edition.    By  Andrew  J.  Blair.    J.  B. 
Lappincott  Co.,  Philadelphia,  1918.    318  pp.     102  figures.    22.5  X  16  cm.    $5. 

In  general  appearance  the  latest  edition  of  "The  Chemical  Analysis 
of  Iron"  is  decidedly  attractive.  Its  binding  is  good  and  its  paper  and 
typographical  work  excellent.  The  drawings  for  illustration,  while  not 
elaborate,  are  dear  and  usually  show  what  needs  to  be  known  about  a 
laboratory  machine,  or  other  laboratory  apparatus.  Without  doubt  the 
above  factors  have  all  contributed  materially  to  the  book's  popularity 
and  somewhat  to  its  usefulness. 

But  these  are  not  the  main  reasons  why  Blair's  "Chemical  Analysis  of 
Iron"  has  so  strongly  appealed  to  chemists,  and  especial  y  to  the  young 
chemists.  To  these  inexperienced  men,  the  book  is  especially  valuable, 
offering  as  it  does  many  practical  suggestions  on  a  great  variety  of  sub- 
jects, such  as  laboratory  design,  apparatus  and  chemicals.  Moreover, 
the  directions  for  the  analytical  work  are  generally  given  in  detail  and  are 
frequently  supplemented  by  reasons  for  the  different  operations.    Again, 
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conditions  leading  to  inaccuracies  are  discussed.  This  analjrtical  detail 
and  these  discussions  while  valuable  to  the  beginner  are  not  so  valuable 
to  the  experienced  chemist.  It  is  on  this  account  probably  that  some  chem- 
ists in  large  steel  laboratories  have  dubbed  analytical  directions  in  this 
book  ''time  killers."  Sometimes  many  methods  are  given  for  the  de- 
tennination  of  the  same  substance.  Since  an  inexperienced  chemist 
cannot  always  choose  wisely  it  might  have  been  better  in  the  last  revision 
to  have  eliminated  some  which  are  now  more  or  less  obsolete  and  whose 
main  value  is  historical.  On  the  other  hand,  the  importance  of  certain 
subjects,  noticeably  the  electric  furnace  and  its  uses  in  chemic^  labora- 
tories devoted  to  iron  requires  more  elaborate  treatment. 

The  value  of  the  book  both  to  the  experienced  and  inexperienced  chem- 
ist is  in  no  small  measure  due  to  the  thorough  development  of  the  important 
subject  of  Alloy  Steel  Analysis.  Ever3rthing  considered,  the  book  is 
worth  while  on  the  shelves  of  any  chemical  Ubrary. 

Frank  W.  Durkeb. 

TUVTS  COLLSOB. 
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[CONtRIBUTION  ntOM  THB  LABORATORY  OP  ORGANIC  ChBMISTRY,  McGuX 

Univbrsity.] 

THE  ESTIBfATION  OF  SULFATES  IN  A  CONCENTRATED  ELEC- 
TROLYTE AND  THE  DETERMINATION  OF  SULFUR  IN  FOODS. 

By  Vsrnon  K.  Krisbls  and  Autrby  W.  Manoum. 

Received  November  29,  1918. 

While  one  of  us^  was  engaged  in  a  study  of  general  metabolism  in  the 
department  of  physiological  chemistry  at  the  Jefferson  Medical  College, 
great  diflBcidty  was  experienced  in  the  determination  of  sulfiw  by  tiie 
sodiwn  peroxide  method  in  the  composite  sample  of  food  used.  Many 
of  the  samples  either  exploded  or  caught  fire  during  the  oxidation.  Our 
greatest  difficulty,  however,  was  due  to  the  fact  that  we  could  not  get 
complete  precipitation  of  the  bariimi  sulfate.  Out  of  9  experiments, 
7  gave  an  additional  precipitate  in  the  filtrate  when  it  became  diluted  with 
wash  water,  in  spite  of  the  fact  that  the  solutions  had  stood  48  hours  after 
the  barium  chloride  had  been  added.  When  the  second  precipitates 
were  added  to  the  first  the  totals  showed  such  a  wide  divergence  that  it 
was  impossible  to  tell  whether  the  sulfur  balance  was  positive  or  nega- 
tive. It  was  consequently  decided  at  the  suggestion  of  Professor  Hawk 
to  study  the  problem  a  little  more  thoroughly.  The  present  investiga- 
tion was,  therefore,  directed  to  a  study  of  the  oxidation  of  foods  by  sodium 
'  V.  K.  Krieble  and  O.  Bergeim,  in  press. 


Digitized  by 


GooQle 


1318  VBRNON  K.  KRIEBLE  AND  AUTREY  W.  MANGUM. 

peroxide  and  the  precipitation  of  sulfates  as  barium  sulfate  in  solutions 
containing  large  amounts  of  soditun  chloride. 

The  first  objective  was  soon  reached  in  a  very  satisfactory  manner 
by  mixing  a  suitable  quantity  of  sodium  carbonate  with  the  second  ad- 
dition of  sodium  peroxide  in  the  fusion  and  subsequently  heating  just 
one  side  of  the  nickel  crucible  in  order  to  start  the  oxidation  locally  and 
keep  the  rest  of  the  mixture  in  the  crucible  relatively  cool. 

The  second  problem  is  not  an  easy  one,  for  it  involves  the  precipita- 
tion of  barium  sulfate  in  the  presence  of  electroljrtes.  Many  papers  have 
been  published  on  this  subject  and  the  general  conclusion  seems  to  be 
that  no  direct  method  is  satisfactory.  This  seems  especially  dear  from 
the  recent  work  of  Johnston  and  Allen,  ^  Johnson  and  Adams,*  and  of 
Blumenthal  and  Gtunsey.'  Johnston  and  Adams  showed  that  baritmi 
sulfate  precipitated  in  a  solution  containing  a  large  amotmt  of  electro- 
lyte had  a  relatively  large  amotmt  of  foreign  substance  occluded  in  the 
precipitate,  and  consequently  estimation  as  barium  sulfate  in  such  a 
meditun  did  not  give  accurate  results.  They  showed,  further,  that  this 
occlusion  was  much  less  if  the  barium  sulfate  was  precipitated  in  a  solu- 
tion of  high  add  concentration.  Under  such  conditions,  a  certain  amount 
of  barium  stdfate  remained  in  solution  so  that  the  solubility  had  to  be 
taken  into  consideration.  They  got,  however,  a  granular  predpitate 
and  very  concordant  results  in  fairly  strong  hydrochloric  add  solutions 
so  that  a  correction  could  be  applied  and  accurate  results  obtained.  We 
therefore  tried  to  apply  this  method  to  solutions  high  in  sodium  chloride 
such  as  are  obtained  in  a  sodium  peroxide  fusion. 

EXPERIMBNTAL. 
Materials,  Apparatus  and  Technique. 
All  the  samples  of  solutions  for  analysis  were  measured  in  dther  a 
10  cc.  or  a  50  cc.  pipet.  The  same  two  pipets  were  used  in  all  the  de- 
terminations. Either  "non-sol"  or  Jena  glass  beakers  were  used.  Dis- 
tilled water  was  used,  which  did  not  give  a  test  for  sulfates.  Mallinck- 
rodt's  c.  p.  sodium  chloride  was  foimd  to  be  free  from  sulfates.  When 
not  otherwise  stated,  predpitation  was  made  with  lo  cc.  of  10%  barium 
chloride  solution  without  stirring  during  the  addition  of  the  predpitant. 
The  bariiun  chloride  was  added  by  means  of  a  caldum  chloride  dr3dng 
tube,  with  a  small  opening  at  the  bottom  which  would  allow  the  solution 
to  drop  at  the  rate  of  about  10  cc.  in  4  minutes.  If  not  otherwise  stated, 
the  predpitates  were  washed  with  300  cc.  of  hot  water.  Diuing  ignitions 
a  platiniun  lid  was  placed  under  the  Gooch  crudble  and  another  one  over 

*  J.  Johnston,  and  E.  T.  Allen,  Tms  Journal,  32,  588  (1910). 

*  J.  Johnston  and  L.  H.  Adams,  Ibid.,  33,  829  (191 1). 

» P.  L.  Blumenthal  and  S.  C.  Guernsey,  Res.  Bull.,  26,  Agr.  Exp.  Sta.,  Iowa  State 
Coll.,  1905. 
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it.  All  weighings  were  made  with  the  Gooch  crucible  in  a  glass-stoppered 
weighing  bottle,  counterbalanced  by  another  one  of  about  the  same  size 
and  shape.    The  results  in  the  tables  are  all  expressed  in  milligrams. 

We  used  a  solution  of  potassium  sulfate  as  our  standard  sulfate  solu- 
tion. We  had  two  specimens  of  the  salt,  one  manufactiwed  by  Schuchardt 
and  the  other  by  Baker  &  Adamson.  Both  were  recrystallized  several 
times  from  water  and  then  thoroughly  dried  in  a  hot  air  oven  at  250**. 
Two  solutions  were  made  up  and  equal  amounts  analysed  for  sulfates, 
under  identical  conditions,  with  the  following  results: 

BaS04.     Mg. 
Schuchardt's:  248.1,  248.0,  248.0,  248.3,  248.2,  248.1. 
Baker  and  Adamson:  248.6,  248.7,  247.0. 

As  the  two  samples  agreed  we  assumed  that  both  were  pture. 

The  asbestos  for  the  Gooch  crucibles  was  prepared  in  a  manner  similar 
to  that  rec<»nmended  by  Folin.  ^  It  was  placed  in  a  suction  flask  with  equal 
quantities  of  water  and  concentrated  hydrochloric  add.  Air  was  drawn 
through  it  for  several  hours.  The  asbestos  was  then  removed,  washed 
with  water  and  the  process  repeated.  After  again  washing  thoroughly 
with  water  the  asbestos  was  placed  in  the  crucibles  a  little  at  a  time  and 
wen  packed  with  a  gjass  rod  after  each  addition.  A  thickness  of  about 
V«  of  an  inch  was  used. 

We  first  tried  the  precipitation  of  sulfates  as  barium  sulfate  in  the  pres- 
ence of  large  amounts  of  hydrochloric  add  without  any  sodium  chloride 
present.  50  cc  of  our  potassium  sulfate  sohition,  equivalent  to  251  mg. 
of  baritun  sulfate,  was  diluted  to  350  cc.  with  water  and  50  cc.  of  cone, 
hydrochloric  add.  Precipitation  was  made  near  the  boiling  point  with 
10  cc.  of  10%  barium  chloride  solution.  The  solutions  stood  48  hours 
before  filtering. 

Tablb  I. 
Predpitation  of  Barium  Si^ate  in  the  Presence  of  50  Cc.  of  Cone.  Hydrochloric  Acid 
-     without  Sodium  Chloride. 
Wt.  in  mg.,  249.5,  250.8,  249.8,  250.2,  250.0,  250.8,  250.1,   250.5,   250.0,  250.4, 
Average,  250.4. 

This  table  confirms  the  view  of  Johnston  and  Adams  that  it  is  possible 
to  get  very  concordant  results  in  the  presence  of  high  add  concentration. 
We  also  found  that  the  predpitate  was  very  granular  and  easy  to  manip- 
ulate. It  is  interesting  to  note  that  the  errors  caused  by  ocdusion  of 
potassium  sulfate  and  the  solubility  of  barium  sulfate  balance  each  other 
so  that  theoretical  results  are  obtained. 

The  ej^jfriments  recorded  in  TaWe  II  were  carried  out  in  the  same  way 
except  that  50  g.  of  pm-e  soditmi  chloride  was  added  to  the  solution  be- 
fore the  voliune  was  brought  up  to  350  cc.     In  Cols,  i  and  2  only  10  cc. 

1  /.  Biol,  Chem.,  i,  147  (1905). 
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of  the  potassium  sulfate  solution  was  used,  which  is  equivalent  to  50.2 
mg.  of  barium  sulfate. 

Tabls  II. 
Precipitation  of  Baritim  Sulfate  in  the  Presence  of  50  g.  of  Sodium  Chloride  in  350  oc 

of  the  Solution. 
10  cc.  of  potassium  sulfate  solution. 


2  cc.  of  cone  HCl. 
Mg 


52 
51 
53 
52 
53 


10  cc.  of  cone  HCl. 
Mg. 

51 


50  cc.  of  potassium 

sulfate  solution. 

50  cc  of  cone.  HCl. 

Mg. 


248.0 
50.5  248.3 

248.2 
248.7 
248.1 
248.0 
248.1 

Average,  52.7  511  248.2 

This  table  shows  several  important  facts.  First,  it  confirms  the  re- 
sults of  former  investigators  that  in  the  presence  of  2  cc.  of  cona  hydro- 
diloric  acid,  which  is  the  usual  procedure,  the  weights  obtained  are  in- 
variably too  high.  Second,  it  seems  to  show  that  very  constant  results 
can  be  obtained  even  in  a  very  high  concentration  of  sodium  chloride. 
These  results  were  gratifying,  as  from  them  it  appeared  that  our  diief 
difficulty  had  been  solved. 

We  next  investigated  the  solubility  of  barium  sul&tte  in  the  filtrate; 
the  occlusion  of  sodium  and  potassium  sulfate  and  the  occlusion  of  chlorides 
in  the  barium  sulfate.  We  used  the  method  given  by  Johnston  and  AUen^ 
for  determining  the  solubility  of  barium  sulfate.  The  results  were  as 
fdlows: 

Tabia  III. 
Solubility  of  Barium  Sulfate  in  350  cc.  containing  50  cc.  of  Cone.  Hydrochloric  Add. 

Without  sodium  With  50  g.  of  sodium 

chloride.     Mg.  chloride.     Mg. 

6.5  6.^ 

6.0  5.1 

5.3 

6.3  ... 

6.4 
6.1 
Average,  6.1  Average,  6.0 

We  agree  with  Johnston  and  Allen  that  the  solubility  of  barium  sul- 
fate is  not  appreciably  aflfected  by  the  presence  of  sodium  chloride.  Our 
results  are  very  much  lower  than  their  results  as  they  give  about  30  mg. 
for  the  same  volume,  but  this  discrepancy  is  no  doubt  explained  by  the 
fact  that  we  used  a  greater  excess  of  baritun  chloride  which  wOtild  neces- 
sarily decrease  the  solubility  of  barium  sulfate. 

The  determination  of  the  occlusion  of  sodium  and  potassium  sulfate 
in  the  barium-sulfate  was  also  done  by  a  method  suggested  by  Johnston 
^Loc.  at. 
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and  Alkn.^  The  method  is  briefly  as  follows:  The  precipitate  is  dis- 
solved in  cone,  sulfuric  add,  the  solution  diluted  with  a  large  timotint  of 
water,  the  barium  sulfate  filtered  out,  and  the  filtrate  evaporated  down  and 
ignited.  We  added  io%  to  our  actual  results,  as  Johnston  and  Adams 
find  that  ocdy  90%  ot  the  ocduded  sulfate  is  obtained  in  one  solution  and 
precipitation.  •  The  results  are  given  in  the  following  table: 

Tabus  IV. 
Occlusion  of  Potassitun  Sulfate. 


Pot«8shun  tulfate 
found.     Mg. 

C«lc.  as  barium 
sulfate.     Mg. 

8.8 

II. 8 

9.4 

12.6 

9.S 

13.1 

rage,  93 

12.5 

The  determinations  were  made  on  precipitates  weighing  500  mg.,  which 
were  obtained  under  the  same  conditions  as  the  results  given  in  Table  I. 
In  TEible  V  we  have  the  occlusion  in  precipitates  obtained  under  the 
same  conditions  as  those  given  in  Table  II,  using  50  cc.  of  cone,  hydro- 
chloric add.  These  experiments  were  also  made  on  500  mg.  of  barium 
sulfate. 

Table  V. 
Occlusion  of  Sodium  Sulfate. 

Calc.  as  sodium 
sulfate.     Mg. 

13.7 
130 

13.9 
Average,  13.3 

We  assumed  that  the  occluded  sulfate  was  soditun  sulfate  in  this  series 
on  accotmt  of  the  huge  preponderance  of  sodium  in  the  solution. 

The  occlusion  of  chlorides  was  determined  by  a  method  developed  by 
Hulett  and  Duschak.^  The  ignited  barium  stdfate  is  dissolved  in  cone, 
sulfuric  add  and  the  hydrochloric  add  liberated  is  extracted  with  air 
which  then  passes  through  a  silver  nitrate  solution,  where  the  add  is 
predpitated  as  silver  diloride. 

Tablb  VI. 
Occlusion  of  Chloride. 
Calc.  as  barium  chloride. 


Calc.  as 
sulfate. 

barium 
Mg. 

22 

.6 

21 

.3 

22 

.9 

22 

.5 

Wt.  of  barium  sul- 
fate used.     Mg. 

Without  sodium 
chloride.     Mg. 

With  50  g.  of  sodium 
chloride.     Mg. 

^51 

8.3 

9.2 

251 

9.2 

9.2 

50 

2.8 

50 

2.6 

50 

3.0 

1  Loc,  cit, 

»  G.  A.  Hulett  and  L.  H.  Duschak,  Z.  anorg.  Chem.,  40,  196  (1904). 
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Hulett  and  Duscbak  have  shown  that  the  amount  of  occluded  chlorides 
does  not  increase  very  much  if  the  barium  sulfate  is  precipitated  in  the 
presence  of  hydrochloric  acid,  and  apparently  the  presence  of  large  amounts 
of  sodium  chloride  in  addition  to  hydrochloric  add  has  very  little  effect. 

It  is  interesting,  though  perhaps  not  very  instructive,  to  calculate  the 
total  sulfate  obtained,  allowing  for  the  solubility  of  the  barium  sulfate 
in  the  filtrate,  the  occlusion  of  the  potassiimi  or  sodium  sulfate,  and  the 
ocdusion  of  chlorides. 

Johnston  and  Adams  ^  assume  that  in  high  add  concentration  the  potas- 
sium sulfate  is  ocduded  as  potassium  hydrogen  sulfate  and  that  during 
the  ignition  the  reaction  2KHSO4  =  H2SO4  +  K1SO4  takes  place.  The 
correction  to  be  applied  to  bring  the  ocduded  potassium  sulfate  to  barium 

sulfate  is,  therefore,  represented  by  the  formida  2I — ^  J  —  y, 

\     NaiSOi     / 

where  y  represents  the  amount  of  ocduded  potassium  sulfate  as  deter- 
mined by  experiment.    The  above  authors  have  made  a  slight  error  in 

their  correction,  as  they  calculate  it  by  the  formula  2I 1  Xy. 

Our  results  agree  much  better,  however,  if  we  asstune  that  no  sulfuric  add 
is  lost.  This  is  quite  possible  as  the  sidfur  trioxide  may  have  displaced 
chlorine  in  the  ocduded  barium  chloride  which  was  present  in  excess.  Un- 
fortimatdy,  we  were  not  able  to  prove  that  no  sulfinic.add  came  off 
during  ignition,  as  we  did  not  have  the  necessary  apparatus.  All  the 
determinations  in  the  following  two  tables  were  made  with  a  volume  of 
350  cc.  and  with  50  cc.  of  cone,  hydrochloric  add.  The  predpitations 
were  made  at  temperatures  near  the  boiling  point  of  the  solutions.  The 
solutions  were  filtered  48  hours  after  predpitation.  The  calculated  wdght 
of  baritun  sulfate  for  the  amount  of  potassium  sulfate  used  is  251 .0  mg. 

Table  VII. 
Total  Sulfate. 

Mg.  Mg.  Mg.  Mg.  Mg. 

Wt.  of  predpitate 250.6        250.8        250.0        250.6        249.8 

Corr.  for  ocd.  of  K1SO4  (Av.)         1.6  i.6  1.6  1.6  1.6 

Solubility  of  BaS04  (Av.) 6.1  6.1  6.1  6.1  6.1 

258.3        258.5        257.9        258.3        257.5 
Ocdusion  of  BaClj  (Av.) 8.6  8.6  8.6  8.6  8.6 

Total  sulfate 249.7        249.9        249.3        249.7        248.9 

If  it  is  assiuned  that  a  molecule  of  sulftuic  add  escaped  for  every  mole- 
cule of  potassium  sulfate  remaining  in  the  ignited  predpitate,  another 
6 . 3  mg.  would  have  to  be  added  to  the  total. 

^  Loc.cit. 


Digitized  by 


GooQle 


SULFATES  IN  A  CONCENTRATED  ELECTROLYTE.  1323 

It  is  rather  astomshing  that  by  making  the  same  assumption  in  r^^d 
to  the  ocdusion  of  the  sulfate  and  diloride  very  good  results  are  obtained 
when  50  g.  of  soditun  chloride  is  present.  It  is  hardly  plausible,  however, 
that  in  this  case  all  the  occluded  sodium  should  be  present  as  sulfate  or 
all  the  ocduded  chloride  as  barium  chloride. 

Table  VIII. 
Total  Sulfate  with  50  g.  of  Soditun  Chloride. 

Mg.  Mg.  Mg.  Mg.  Mg. 

Wt.  of  precipitate 248.1        248.0        248.1        248.0.       248.3 

Conr.  for  ocd.  of  NajS04  (Av.).. .        4.^  4.6  4.6  4.6  4.6 

Solubility  of  BaS04  (Av.) 6.0  6.0  6.0  6.0  6.0 

258.7        258.6        258.7        258.6        258.9 
Oodusion  of  BaCls  (Av.) 9.2  9.2  9.2  9.2  9.2 

Total  sulfate 249.5        249.4        249.5        249.4        249.7 

We,  however,  were  not  primarily  interested  in  the  mechanism  of  the 
precipitation  of  baritmi  sulfate,  but  rather  a  satisfactory  method  for  the 
estimation  of  sulfur  in  food.  We  therefore  tried  next  to  improve  the  oxida- 
tion sufficiently  to  avoid  explosions  and  fires  dtuing  the  fusion  with  soditun 
peroxide.  We  began  otu-  experiments  using  powdered  blood  albumen. 
Two  g.  of  the  material  was  placed  in  the  bottom  of  a  nickel  crucible  hold- 
ing about  100  cc.  Two  cc.  of  water  was  added  and  the  mixture  stirred 
with  a  mckel  stirring  rod.  Five  g.  of  soditun  carbonate  was  then  added 
and  the  whole  well  mixed.  Soditmi  peroxide,  about  8  g.,  was  now  added 
in  small  amounts  with  stirring  tmtil  the  mass  became  dry  and  granular. 
The  crucible  was  then  carefully  heated  with  a  Barthel  alcohol  lamp  and 
the  mixture  constantly  stirred  tmtil  a  brown  homogeneous  fused  mass 
was  obtained.  Then  the  lamp  was  removed  and  the  crucible  cooled, 
after  which  another  8  g.  of  soditun  peroxide  and  2  g.  of  sodium  carbonate 
were  added.  The  crucible  was  again  heated  with  the  flame  pointing  at 
one  side  of  the  crucible  opposite  the  inside  level  of  the  contents.  The 
object  was  to  get  the  ignition  started  locally  without  getting  the  whole 
crucible  and  contents  warmer  than  necessary.  After  the  ignition  started, 
the  lamp  was  quickly  removed  and  the  crucible  covered  with  a  lid.  Usually 
the  reaction  continued  tmtil  all  the  contents  were  fused  but  sometimes 
more  heat  had  to  be  applied.  After  the  mass  had  thoroughly  fused,  the 
lamp  was  put  tmder  the  crucible  and  the  heating  continued  for  10  minutes, 
dtuing  which  the  crucible  was  ttuned  from  side  to  side  in  order  to  make 
siu-e  that  all  the  fragments  adhering  to  the  sides  were  thoroughly  oxi- 
dized. After  the  crucible  and  contents  were  cool,  they  were  placed  in  a 
beaker  containing  about  100  cc.  of  water,  and  placed  on  a  hot  plate  and 
digested  tmtil  all  the  material  was  dissolved.  The  crucible  was  removed 
and  washed,  and  the  wash  water  nm  into  the  beaker.    The  solution 
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was  then  careftffly  neutralized  with  cone,  hydrochloric  add,  and  the  de- 
sired amount  of  excess  hydrochloric  add  added.  This  method  worked 
fairly  wen  on  blood  albumen — about  one  explosion  in  4  fusions — ^but  was 
quite  unsatisfactory  with  composite  food  samples  having  an  average 
amount  of  fat.  One  of  these  samples  was  made  up  of  2  parts  of  milk, 
2  of  meat,  2  of  com  flakes,  one  of  egg  yolk  and  4  of  soda  biscuit.  The 
second  sample  was  the  same  as  the  first,  except  that  potato  chips  were  sub- 
stituted for  the  egg  yolk.  The  ingredients,  however,  came  from  a  differ- 
ent source.  The  materials  had  all  been  dried  at  no®  before  they  were 
mixed.  In  these  experiments  the  explosions  were  much  more  munerous. 
We,  therefore,  increased  the  amount  of  sodiiun  peroxide  to  26  g.  and  the 
sodium  carbonate  to  8  g.  The  procedure  remained  the  same  imtil  the 
first  heating  was  completed,  then  instead  of  adding  about  8  g.  of  sodium 
peroxide  enough  was  always  added  to  bring  the  total  for  each  oxidation 
to  26  g.  After  this  3  g.  of  sodium  carbonate  instead  of  2  was  added  and 
mixed  with  the  peroxide.  The  second  heatii^  was  then  carried  out  as 
before,  u  e.,  by  starting  the  ignition  at  one  point  instead  of  heating  the 
whole  crudble.  We  found  that  this  method  is  quite  satisfactory  for  from 
2  to  3  g.  of  organic  material.  It  was  tried  on  solne  50  samples  of  oats, 
hay  and  straw  without  a  single  fire  or  explosion.  With  composite  food 
sdmples  it  was  very  nearly  as  successful,  the  loss  being  oat  in  10  to  12 
fusicttis.  The  method  was  submitted  to  one  of  the  American  Agricultural 
Experiment  Stations,  where  it  has  been  used  with  success  for  some  time. 

Tablb  ex. 

Analyses  of  Orgaaxic  Materials. 

Blood  Albumen. 

Mg.  BaSOi. 
Bxcess  cono.  HCJ.  2  cc. 

163.2 

161.4 


166.9 


Composite  Food  I. 


Composite  Food  II. 


Mg.   BaS04. 
50  cc. 

157.2 
155.8 
155.2 


47.6 
48.0 

37.5 
46.8 
49.6 

44-5 
42.4 
49.5 
50.6 

44.5 
52.0 


38.3 
39.2 
39  6 
39.7 

19  5 
14.9 
21. 1 
21.4 
35.3 
33.5 
34-3 
34.0 
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The  dear  solutions  obtained  from  the  above  fusions  by  neutraliza- 
tion and  filtration  were  diluted  with  water  to  a  volume  of  350  cc.  after 
adding  tiie  stated  amount  of  hydrochloric  acid.  10  cc.  of  10%  barium 
chloride  solution  was  added  when  tl^  temperature  was  near  the  boiling 
point  and  the  solutions  were  allowed  to  stand  for  48  hours  before  filter- 
ing. 

Until  the  results  given  in  Table  IX  were  obtained,  it  was  thought  that 
predpitatioa  made  in  high  add  concentration  would  insure  complete 
predpitation  of  baritmi  sulfate  in  the  presence  of  a  large  amount  of  soditmi 
diloride.  The  filtrates  from  the  first  4  determinations  given  in  the  above 
table  under  Composite  Food  II  with  50  cc.  of  cone,  hydrochloric  add 
contained  barium  sulfate  after  they  had  stood  for  several  days. 
The  same  was  true  of  many  determinations  with  2  cc.  of  cone,  hydro- 
chloric add.  Apparently  small  amounts  of  sulfate  are  not  completdy 
nor  uniformly  predpitated  in  a  cone,  hydrochloric  add  and  sodium  chlo- 
ride solution,  although  predpitation  seems  to  be  complete  under  the  same 
conditions  when  the  amotmt  of  sulfate  is  much  larger.  To  make  sure 
that  this  incomplete  predpitatioa  was  not  due  to  something  present  in 
dther  the  diemicals  used  or  the  food  itself  whidi  might  act  as  an  anti- 
catalyst,  we  performed  a  series  of  experiments  with  pure  sodium  diloride 
and  potassium  sulfate.  The  experiments  were  carried  out  unda:  the  same 
oonditions  as  those  of  Table  II,  esocept  that  we  used  10  cc.  oi  our  potas- 
stum  sulfate  solution,  whidi  is  equivalent  to  50.2  mg.  of  barium  sulfate. 
The  results  are  given  in  the  following  table: 

Tabi^b  X. 

Predintaiion  of  Small  Amounts  of  Barium  Sulfate  in  the  Presence  of  50  g.  of  NaCl, 

and  50  cc.  of  cone.  HCl,  in  350  cc. 

Mg.  BaS04. 
46.7  48.1 

45.1  46.1 

36.6  37.6 

37-6  42.4 

44-3 

It  is  quite  evident  from  these  results  that  the  incomplete  predpitations 
noted  in  Table  IX  were  not  due  to  any  substance  in  the  food.  As  we  had 
such  excellent  results  with  larger  amounts  of  sulfate  present,  it  was  con- 
sidered possible  that  better  results  might  be  obtained  by  slightly  changing 
the  conditions  under  which  the  precipitation  was  made. 

In  Table  XI  are  given  the  results  obtained  by  adding  the  barium 
chloride  at  various  temperatures.  In  the  last  3  determinations  the  solu- 
tions were  kept  near  the  boiling  point  on  the  hot  plate  for  at  least  5  hoius 
after  t±ie  baritun  chloride  was  added.  All  the  experiments  were  made  in 
the  presence  of  50  g.  of  sodium  chloride  and  50  cc.  erf  cone,  hydrochloric 
add.    All  the  solutions  stood  48  hours  before  filtering. 
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Volume. 

Temperature. 

Cc. 

Degrees. 

500 

23 

500 

23 

500 

23 

350 

80 

350 

80 

350 

80 

350 

b.p. 

350 

b.p. 

350 

b.p. 

350 

b.p. 

350 

b.p. 

350 

b.p. 

350 

b.p. 

350 

Precipitated  near  b.  p.,  stood  96  hrs. 

350 

Precipitated  near  b.  p.,  stood  96  hrs. 

350 

Precipitated  near  b.  p.,  stood  96  hrs. 

350 

Precipitated  at  b.  p.  and  heated  5  hrs. 

350 

Precipitated  at  b.  p.  and  heated  5  hrs. 

350 

Precipitated  at  b.  p.  and  heated  5  hrs. 

Calc 
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Table  XI. 
Temperature  Effect  on  Barium  Sulfate  Precipitation. 

rarium  sulfate 
found.    Mg. 

34-4 
29.8 

32.5 
39.1 
40.1 
40.0 

46.7 
46.1 

45.8 
51.6 
50.5 
42.4 
44.3 
47.3 
46.1 
47.6 
17.6 
27.6 
37.2 
50.2 

The  above  determinations  indicate  that  the  best  results  are  obtained 
when  the  barium  chloride  is  added  at  the  boiling  point  of  the  scduticMi, 
but  that  even  at  this  temperature  precipitation  is  not  always  complete. 
No  great  advantage  is  gained  by  letting  the  solutions  stand  an  extra  24 
hours.  Since  most  of  the  barium  sulfate  is  precipitated  in  those  experi- 
ments where  the  baritun  chloride  was  added  at  the  boiling  point,  it  is 
astonishing  that  keeping  the  solutions  at  this  temperatiure  for  several 
hoiurs  and  then  allowing  them  to  stand  for  some  40  hours  at  the  room 
temperature  gives  such  poor  results. 

In  a  few  experiments  the  solution  was  stirred  for  3  hoturs  after  the 
bariiun  chloride  was  added  and  then  allowed  to  stand  for  48  hours,  but 
no  great  advantage  is  gained  by  this  procedture.  The  quantities  used 
were  the  same  as  in  the  last  table.  The  barium  chloride,  however,  was 
added  at  the  room  temperature.  The  results  on  two  experiments  were 
41 . 6  and  42 . 6  mg.,  respectively. 

Having  found  no  conditions  under  which  complete  precipitation  of 
small  amounts  of  sulfate  in  the  presence  of  large  amounts  of  sodium 
chloride  could  always  be  obtained,  it  was  decided  to  resort  to  an  evapora- 
tion method.  Johnston  and  Adams^  have  stated  that  evaporation  im- 
mediately after  precipitation  will  give  satisfactory  results.  This,  no 
doubt,  is  true  tmder  all  ordinary  circumstances,  but  it  apparentiy  does 
not  hold  in  a  conc«itrated  dectrolyte,  according  to  our  results  in  Table 
*  Loc,  cit. 
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XII.  Precipitation  was  made  near  the  boiling  point  in  a  vcdume  of  350 
oc.  containing  50  g.  of  sodium  chlcoide  and  50  cc.  of  cone,  hydrochloric 
add.  The  evaporations^were  made  immediately  on  a  hot  plate  in  Jena 
glass  beakers. 

Tabi^  XII. 
Method  of  Evaporation  of  Johnston  and  Adams. 
BaS04:  266.2,  252.5,  262.8,  250.2*  252.2  mg.    Calc,  251. 

In  the  next  series  of  experiments  the  solutions  were  allowed  to  stand  for 
48  hours  after  the  barium  chloride  was  added  before  they  were  evapcn-ated. 
The  other  conditions  were  the  same  as  in  the  above  series  except  that  the 
amount  of  potassium  sulfate  used  was  cut  to  one-fifth. 

Table  Xin. 
Method  of  Evaporation. 


ion  after  filteriag. 
BaSOi. 
Mg. 

Evaporation  without  filtering. 

BaS04. 

Mg. 

53.6 

55.7 

54 

9 

55 

6 

54 

7 

54 

4 

56 

2 

54 

8 

54 

5 

54 

I 

Calc,  50.2 

In  a  few  cases  the  barium  sulfate  was  filtered  out  at  the  end  of  48  hours 
before  the  solution  was  evaporated.  The  residue  from  the  evaporation 
was  then  taken  up  in  water  slightly  acidulated  with  hydrochloric  add 
and  filtered  through  the  same  filter  paper.  This  extra  manipulation, 
however,  is  not  justified  as  the  results  are  about  the  same  as  those  ob- 
tained without  filtering.  All  the  results  are  a  few  mg.  too  high,  but  they 
are  sufficiently  consistent  that  a  correction  can  be  applied.  We  feel 
that  restdts  obtained  by  this  method  are  far  more  satisfactory  than  those 
obtained  by  the  usual  procedure.  We  analyzed  composite  food  II  again 
using  the  above  method,  and  obtained  47 . 7,  48 . 4  and  46 . 2  mg.  of  barium 
sulfate  after  correcting  for  the  occlusion. 

Our  Proposed  Modification  of  the  Sodium  Peroxide  Method* 
We  propose  that  the  determination  be  carried  out  in  the  following 
way:  A  suitable  quantity  (2-3  g.)  of  the  organic  material  is  placed  in 
a  nickel  crucible  which  holds  about  100  cc.  From  2  to  3  cc.  of  water  is 
added  and  the  mixture  well  stirred  with  a  nickel  stirring  rod.  5  g.of 
sodium  carbonate  is  then  added  and  the  whole  weU  mixed.  Sodium 
peroxide  is  now  added  in  small  lots,  stirring  after  each  addition  tmtil  tb^ 
whole  mass  becomes  dry  and  granular.  The  crucible  and  contents  arp 
then  carefully  heated  with  a  Barthel  alcohol  lamp  until  the  mixture  be- 
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comes  a  homogeneous  weU-browned  fused  mass,  stirring  being  continued 
during  the  heating.  The  crucible  is  then  partly  cooled  and  enoi^h  sodium 
peroxide  added  to  make  a  total  (A  25-26  g.  3  g.  of  sodium  carbonate  is 
also  added  and  mixed  with  the  peroxide.  The  crucible  is  then  heated  by 
pointing  the  flame  at  a  position  opposite  the  level  of  the  contents  tmtil 
the  first  signs  appear  that  the  oxidation  has  started,  when  the  flame  is 
removed  and  the  lid  placed  on  top  of  the  crucible.  When  this  first  igni- 
tion does  not  melt  the  contents  com|detely,  the  heating  must  be  continued 
in  a  similar  way.  The  heating  is  usually  continued  for  10  minutes  after 
the  mass  is  thoroughly  fused.  During  this  heating  the  crucible  is  in- 
clined from  side  to  side  to  insure  that  all  the  material  sticking  to  the  weMa 
is  thoroughly  oxidized.  After  the  crucible  is  cool  it  is  put  into  a  large 
beaker  containing  about  100  cc.  of  water,  placed  on  a  hot  plate,  and  di- 
gested imtil  the  contents  are  all  dissolved.  The  crucible  is  then  washed 
and  removed  and  the  solution  neutralized  with  cone,  hydrochloric  add 
and  filtered  if  necessary.  50  cc.  of  cone,  hydrochloric  add  is  now  added 
and  the  solution  brought  to  a  voliune  of  350  cc.  The  solution  is 
brought  to  boiling,  then  removed  from  the  hot  plate  and  predpitation 
made  with  10  cc.  of  10%  baritmi  chloride  solution,  added  by  means  of 
a  dropper,  at  the  rate  of  10  cc.  in  about  4  minutes.  After  standing  for 
48  hotu^,  the  solution  is  evaporated  to  dryness  on  a  hot  plate  and  the 
predpitate  taken  up  with  water.  One  to  two  cc.  of  cone,  hydrochloric 
add  is  added.  After  standing  for  about  18  hours  the  predpitate  is  col- 
lected in  a  Gooch  crudble,  washed,  dried,  ignited  to  constant  wdght,  and 
wdghed  in  the  manner  which  has  already  been  given  in  this  paper. 

The  results  obtained  by  the  method  will  be  high.  A  correction  should 
be  applied,  derived  from  a  comparison  of  the  amount  of  barium  sulfate 
obtained  by  making  a  determination  on  a  solution  of  sodium  or  potassium 
sulfate  with  the  odculated  amount.  This  solution  should  be  of  such 
strength  that  the  amotmt  taken  should  give  about  the  same  amotmt  of 
barium  sulfate  as  obtained  from  the  food.  The  analysis  of  this  synthetic 
solution  should  be  made  in  exactiy  the  same  manner  as  the  analysis  of 
the  sample  of  food.  It  is  obvious  that  if  the  amount  of  silica  is  apprecia- 
ble it  must  be  removed  in  the  usual  manner  before  predpitation  is  made. 

This  method  is  long  and  ratiier  tedious  and  we  do  not  propose  that  it 
should  be  used  indiscriminately.  Of  many  substances  in  which  the  sulfur 
content  is  relatively  high,  a  suitable  quantity  can  be  oxidized  with  much 
less  peroxide  and  consequentiy  an  evaporation  may  not  be  necessary  to 
predpitate  all  the  barium  sulfate.  But  we  do  believe  that  when  the  sulfur 
content  of  the  material  is  low  and  when  difficulties  from  fires  and  explo^ 
sicms  are  encountered,  our  modification  is  a  dedded  improvement  botJi 
in  the  oxidation  process  and  in  the  final  estimation  of  sulfates. 

MoffTMiAi,,  Canada. 
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[Contribution  from  thb  Sev^Rancs  ChumtjCAi*  Laboratory  of  Obsrun  Collegb.] 

THB  VIBRATION  AND  S7NBRBSIS  OF  S2LICIC  ACID  G£LS. 

By  Harry  N.  HoufSs^  WiLtokD  E.  Kaxjfmann  and  Henry  O.  Niceeoi^as. 

Reoeivrd  May  31.  1919. 

In  earlier  work  with  silicic  add  gds  one  of  us  noticed  a  sound-j^odueing 
vibration  when  the  vessel  containing  a  certmn  gel  was  lightly  tapped. 
Kohlransch^  and  Hatschek'  made  similar  observations^  but  did  not  in- 
vestigate the  phenomenon.  Evidently  it  was  not  very  striking.  W.  E. 
Henderson'  secured  some  vibration  wilii  a  ferrous  hydroxide  gel. 

We  planned  a  study  of  the  conditions  affecting  vibration  frequency  of 
the  gel  bcq^g  to  throw  some  light  on  the  structure  of  gels,  and  the  cause 
of  the  vibrati<m. 

Tbe  Pitch  of  Vibration. 

A  "water  white"  sodium  silicate  sdntion  was  poured  into  an  equal 
v<^me  of  add  and  the  mixture  allowed  to  set  to  a  solid  gd.  The  water 
glass  used  was  free  from  iron  and  was  fbund,  by  analysis,  to  be  i  NatO  :  - 
3.27  SiOj.  When  diluted  to  a  specific  gravity  of  i  .06  it  was  neutralized 
by  an  equal  volume  of  o .  54  AT  add, using  phenotphthaldn  as  an  indicator. 
The  time  of  '*set"  varied  from  minutes  to  weeks  depending  on  concentra- 
tions and  other  factors.    All  tubes  of  gds  were  corked  to  prevent  drying. 

Preliminary  experiments  with  ordinary  testrtubes  indicated  that  am 
excdlent  mixture  for  vibration  study  was  made  by  adding  water  glass^ 
of  1 .  15  sp.  gr.  to  an  equal  v(dunie  oi  6  N  hydrochloric  add  This  s^ 
to  a  solid  gd  in  about  one  hour  and  reached  its  Ughest  vibration  frequency 
in  about  two  days. 

Before  any  exact  measurements  of  pitdi  could  be  made  it  was  necessary 
to  standardize  such  conditions  as  diameter  and  length  of  tube.  It  was 
found  that  gds  in  tubes  8  mm.  in  diameter  cracked  badly  in  3  days  even 
though  the  tubes  were  corked.  Gds  in  14  mm.  tubes  did  not  crack  in  two 
weeks,  this  difference  of  behavior  being  probably  due  to  the  deeper  men- 
iscus in  narrow  tubes.  We  foimd  that  above  a  certain  minimum  length 
of  gd  column  for  each  tube  the  pitch  did  not  change  with  increase  in 
length.  In  a  155  mm.  test-tube  this  minimum  length  was  40  mm.  With 
this  exception  extra  length  of  tube  above  the  gd  had  no  effect.  Tubes 
of  wood,  brass,  porcdain,  etc.,  were  tried  and  were  also  fotmd  to  allow 
vibration,  but  the  advantage  of  convenience  lay  with  glass  tubes. 

We  finally  dedded  to  use  ordinary  test-tubes  150  X  17  mm.  The  vol- 
mne  of  the  gd  mixture  in  each  experiment  was  20  cc.,  more  than  half 
filling  the  tube.    When  we  came  to  measure  the  exact  pitch  of  the  vibra- 

»  Z.  phys.  Chem.,  12,  773  (1893). 

*  Introduction  to  the  Physics  and  Chemistry  of  Colloids,  Blaldstons,  1916, 2nd  edition, 
page  55. 

'  Private  communication. 
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ting  gels  other  difficulties  were  experienced.  The  quality  of  sound  pro- 
duced on  tapping  the  tubes  of  gd  was  so  different  from  the  tone  of  a  piano, 
siren  or  sonometer  that  we  were  unable  to  get  accurate  comparisons.  Re- 
course was  had  to  an  old  music  box  in  which  the  sound  was  produced 
when  metallic  teeth  of  different  length  were  struck  on  a  revolving  cylinder. 
This  keyboard  was  readily  calibrated  as  to  the  exact  vibration  frequency 
of  each  tooth,  and  produced  a  tone  suffiidently  similar  in  quality  to  that 
of  the  vibrating  gels.  Tuning  forks  would  have  served,  but  were  incon- 
venient. 

As  stated  above,  the  pitch  did  not  vary  with  the  length  of  the  gd  column . 
Por  example,  gd  columns  60  mm.,  90  mm.  and  120  man.  in  length,  but  of 
equal  diameter,  vibrated,  on  tapping,  with  a  frequency  of  1024  per  second, 
two  octaves  above  middle  C,  indicating  that  the  vibrations  are  not  longi- 
tudinal. We  then  prepared  columns  of  equal  length  but  different  diameters. 
The  vibration  frequency  of  the  column  34  mm.  in  diameter  was  341  per 
second;  of  the  column  23  mm.  in  diameter,  640  per  second;  of  the  colunm 
15  mm.  in  diameter,  1 152  per  second.  Evidently  the  vibration  frequency 
varies  approximatdy  inversdy  as  the  diameter,  and  consequently  the 
vibrations  are  transverse. 

We  found  that  the  pitch  rose  with  increase  in  the  concentration  of  the 
silidc  add  formed.  This  is  shown  in  Fig.  i,  which  is  given  in  two  parts 
{or  deamess.  The  absdssa  represents  the  density  of  water  glass  solu- 
ti<m  which  was  mixed  with  an  equal  volume  of  4  iV  add.  Since  the  water 
glass  of  1 .06  density  is  neutraUzed  by  an  equal  volume  of  0.54  N  add 
the  excess  of  hydrochloric  or  other  add  used  can  be  determined  by  sub- 
tracting the  appropriate  values  from  4  iV.  As  there  was  more  than  enough. 
800 


f.o6  1.09    I  12   1. 15  1  18      1.06    1.09  r.i2    1.15    1. 18 
Density  of  water  glass 
Fig.  I. — Relation  of  Silicic  Acid  Concentration  to  Vibration  Frequency. 
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add  added  to  release  all  the  silicic  acid  the  curves  actually  represent  the 
pitch  corresponding  to  different  concentrations  of  siUdc  add. 

It  is  important  to  note  that  the  pitch  is  higgler  with  gds  made  by  the 
use  of  the  more  highly  ionized  adds.  This  fact  led  us  to  study  the  effect 
of  excess  hydrogen-ion  concentration  on  a  definite  concentration  of  silidc 
add.  We  added  to  water  glass  of  1.12  sp.  gr.  more  than  enough  add  to 
react  completdy  with  the  soditun  siUcate.  Six  samples  were  taken  and 
6  different  adds  used.  In  all  experiments  the  actual  amounts  of  siUdc 
add  liberated  were  the  same.  Fig.  2  shows  curves  for  gels  involving  the 
use  of  3  organic  and  3  mineral  adds. 


34567 
Concentration  of  acid. 
Fig.  2. — ^RelaGon  of  Excess  Add  to  Pitch  of  Vibration. 


12  JV 


It  is  evident  that  the  pitch  rises  with  increase  in  concentration  of  hy- 
drogen ion,  up  to  a  certain  point,  in  the  case  of  gels  made  by  mineral 
acids.  The  pitch  of  sulfuric  acid  gels  is  lower  at  all  corresponding 
points  than  that  of  gds  made  with  the  more  highly  ionized  hydro- 
chloric or  nitric  adds.  A  startling  contrast  is  foimd  in  the  behavior  of 
gels  made  with  organic  acids.  With  increase  in  excess  of  acetic,  pro- 
pionic or  formic  adds  the  pitch  falls.  It  is  true,  of  coiu*se,  that  the  sodium 
acetate  formed  in  the  reaction  of  sodium  silicate  with  acetic  add  represses 
the  ionization  of  the  acetic  add  excess  so  that  the  hydrogen-ion  concen- 
tration is  less  than  with  similar  gels  made  with  the  stronger  adds.    This, 


Digitized  by 


GooQle 


1332       ►    H.  N.  HOLMES,   W.   n.   KAUIfMANN   AND  H.   O.   NICHOLAS. 

however,  does  not  account  for  the  marked  differences  shown  m  Fig.  2. 
The  repression  of  ionization  of  the  weak  organic  acids  is  relatively  greater 
with  a  small  excess  of  tlie  add  than  with  the  gels  containing  a  greater 
excess.  Hence  the  hydrogen-ion  concentration  steadily  increases  with 
increase  in  excess  of  added  add.  Pitdi,  then,  does  not  olwacys  rise  with 
increase  in  hydrogen-ion  concentration. 

There  is,  of  course,  an  increase  in  liie  concentration  of  acetic  add  mole- 
cules, for  example,  and  these  molecules  must  have  a  marked  influence  on 
the  structure  of  the  gel  and  hence  on  hs  pitdi.  The  concentration  of 
molecules  of  hydrochloric  and  the  other  strong  acids  is  low,  due  to  their 
greater  ionization. 

Basic  gels  made  by  mixing  water  glass  with  an  amount  of  add  insuffi- 
dent  to  react  with  all  the  sodium  silicate  vibrate  with  very  low  frequency. 
Neutral  gels,  setting  almost  instantly,  are  rather  soft  and  vibrate  with 
still  lower  frequency  than  the  basic  gds. 

Rigidity  of  gd  structure  is  tmquestionably  the  main  factor  in  sound  pro- 
duction. Gels  in  thick  walled  tubes  ring  with  higher  pitch  than  gel 
columns  of  equal  diameter  in  thin  walled  tubes.  The  total  diameter 
of  gd  plus  glass  is  greater  in  one  case  but  the  effect  of  greater  rigidity  of 
glass  outwdghs  the  effect  of  greater  diameter. 

Syneresis. 

By  sjmeresis^  is  meant  liie  separation  of  water  solutions  from  highly 
hydrated  substances  such  as  silidc  add  gds.  The  breaking  of  custards 
into  solid  and  liquid  on  overheating  and  the  formation  of  curds  and  whey 
from  milk  are  common  examples.  This  phenomenon  is  almost  universal. 
The  subject  of  sjmeresis  was  introduced  by  an  attempt  to  explain  the  vibra- 
tion of  certain  gds.  We  knew  that  the  gels  vibrated  as  rigid  solids  on 
being  struck  but  we  also  felt  that  they  were  imder  tension  in  an  effort  to 
contract.  To  prove  this  we  sought  to  line  the  test-tube  with  some  surface 
to  which  the  gds  could  not  adhere.  Then  if  there  was  any  tendency  to 
contract,  the  gds  could  pull  away  from  the  walls  because  free  to  do  so. 
The  glass  was  coated  with  vasdme,  parafiBin,  damphor,  sulfur,  collodion, 
etc.,  but  of  these  vaseline  was  by  far  the  best.  It  was  mdted  and  potured 
aroimd  until,  on  cooling,  a  rather  thick  layer  formed.  Gds  formed  in 
vasdined  tubes  contracted  fredy  to  a  much  smaller  voliune  and  not  by 
mere  evaporation,  as  the  tubes  were  corked.  A  paper-thin  glass  bulb  was 
filled  with  the  gd  mixtture  and  on  setting  the  gd  contracted  so  power- 
fully that  the  glass  caved  in.  In  this  experiment  the  glass  was  not  vase- 
lined  so  that  the  gd  adhered  strongly  to  it.  Contraction  was  thus 
dearly  shown,  and  natturally  it  follows  that  gds  in  glass  tubes  not  vase- 
lined  must  be  imder  considerable  tension  as  long  as  the  gel  adheres  to 
the  glass. 

*  Capillary-held  water  is  not  properly  included  in  the  term  "Syneresis  " 
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But  to  prove  that  tension  influenced  the  pitch  of  the  vibrating  gel  was 
another  nmtter. 

The  same  gel  mixture  (water  glass  of  i .  15  sp.  gr.  and  6  N  nitric  add) 
was  poured  into  a  plain  test-tube  and  also  into  a  vasdined  tube  of  the  same 
diameter.  On  standing  8-10  days  the  gd  in  the  vasdined  tube  had  con- 
tracted so  much  that  it  could  be  shaken  out.  On  tapping  this  gd  thus 
removed  from  the  tube  it  was  found  to  vibrate  just  as  did  the  gd  tmder 
tension  in  the  plain  tube.  But  the  vibration  frequency  of  the  gd  in  the 
tube  was  1024  with  a  diamefter  of  20  nmi.  while  the  free  gd  had  contracted 
to  a  diameter  of  16.6  mm.,  and  vibrated  only  768  times  per  second.  Since 
pitdi  varies  in  a  general  way  inversdy  as  diameter,  the  free  gd  might 
have  been  expected  to  )ddd  a  higher  pitch,  esperially  since  its  density 
was  greater.  The  fact  that  its  pitch  was  lower  is  proof  positive  of  the 
importance  of  tension  in  sound  production,  for  the  greater  the  tension 
the  greater  the  rigidity.  Slight  syneresis  (separation  of  water  solution) 
was  common  as  gds  stood,  increasing  with  time,  and  when  gds  split 
syneresis  became  considerable.  Marked  syneresis  quickly  devdoped 
when  gels  stood  in  vasdined  tubes.  A  gd  free  to  contract  simply  squeezed 
out  a  volmne  of  liquid  equal  to  the  decrease  in  volume  of  the  gd. 

To  study  the  ^ect  of  external  surface  4  bulbs,  lined  with  vaseline, 
were  filled  with  gd  mixtture  and  allowed  to  synerize. 

Tabus  I.— Bxtbnt  of  Syndesis. 


Volameof 

Syneresis,  Tolttme 

Syneresb,  in  cc. 

Surface  of  spheres 

gelincc 

of  solution  in  cc. 

to 

1  cc.  of  gel. 

in  sq.  cm. 

35 

4.90 

O.I14 

52.5 

90 

9.72 

0.108 

81.0 

250 

25.75 

0.103 

210.0 

II40 

87.8 

0.077 

285.0 

Table  I  shows  that  syneresis  is  rdativdy  much  greater  in  small  spheres 
than  in  the  larger  ^ho-es.  The  phrase  "specific  sjmeresis"  might  be  ap- 
plied here.  The  rdation  of  surface  to  voltune  of  spheres  increases  rapidly 
as  the  volume  of  the  sphere  becomes  small,  in  fact,  the  sjmeresis  of  spherical 
gds  dosdy  parallds  the  change  in  the  rdation  of  surface  to  volume.  This 
is  excellent  proof  that  syneresis  varies  directly  as  the  free  surface.  To 
test  this  theory  further  we  poured  equal  volumes  of  gd  mixture  (50  cc.) 
mto  vasdined  vessels  such  that  one  gd  was  70  mm.  wide  and  15  mm. 
deep;  a  second  gd,  50  mm.  wide  and  28  mm.  deep;  a  third,  40  mm.  wide 
and  40  mm.  deep;  and  a  fourth,  in  a  narrow  tube  was  25  mm.  wide  and 
125  mm.  deep.  The  S3meresis  of  the  first  was  6.6  cc.,  of  the  second  6.3 
CO.,  of  the  third  5 .  18  cc,  and  of  the  foiuth  9 . 2  cc.  The  fourth  had  the 
greatest  free  surface  and  consequently  the  greatest  syneresis.  The  third 
had  the  least  surface,  being  nearest  to  spherical  in  shape,  and  had  the 
least  syneresis. 
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We  also  found  that  increase  in  free  surface  due  to  cutting  gashes  in  a 
gel  increased  the  sjmeresis.  A  cube  of  a  newly  set  gel  was  cut  out  from 
a  larger  mass  and  placed  in  a  stoppered  vessel.  It  synerized  as  great  a 
volume  of  liquid  as  an  equal  voltune  of  the  same  gel  in  a  vaseUned  tube 
and  7  times  as  much  as  in  an  unlined  tube. 

The  time  element  was  very  important.  Sjmeresis  began  sooner  with 
some  types  of  gel  than  with  others  and  continued  for  months,  although 
at  a  decreasing  rate.  Silicic  add  gels  made  with  hydrochloric  add  were 
slower  to  pull  away  from  vaselined  tubes.  Out  of  a  series  of  120  tubes 
only  3  had  completely  pulled  away  from  the  vaseline  in  one  month.  Gds 
made  with  nitric  and  sulfuric  adds  pulled  away  in  8  to  10  dajrs;  gds  made 
with  acetic,  formic  or  propionic  adds  in  10  to  15  days.  The  contraction 
was  more  rapid  with  gds  of  higher  siHdc  add  concentration. 

Table  II. 

Relation  of  Syneresis  to  Concentration  of  Silidc  Add. 

Vokime  of  Gel,  20  cc.  Equal  Volumes  of  10  N  Formic  Add  and  Water  Glass. 

Sp.  gr.  of  water  glass.  SyAeresis.  cc.  of  solution. 
109  3.5 

I. 12  4.7 

I. 15  5-2 

I. 18  5.8 

In  Table  II  the  10  N  formic  acid  was  more  than  enough  to  react  with 
all  the  sodium  silicate  <5o  the  variation  in  density  of  water  glass  used  corre- 
sponds to  a  similar  variation  in  the  concentration  of  silidc  add  formed. 
Similar  results  were  obtained  using  4  N  acetic  add  and  10  N  nitric  add. 
With  hydrochloric  add  syneresis  was  inconveniently  slow. 

Tablb  III. 

Relation  of  Syneresis  to  Excess  of  Propionic  Add. 

Volume  of  Gel,  20  cc.  Equal  Volmnes  of  Propionic  Add  and  Water  Glass  of  1.12  Sp.  Gr. 

Used. 
Normality  of  propionic  acid.  Syneresis,  cc.  of  solution. 

2  5.4 

4  2.9 

6  2.7 

8  2.3 

Water  glass  of  i .  12  sp.  gr.  required  an  equal  volume  of  N  add  to  neu- 
tralize it,  so  the  gels  made  as  in  Table  III  contained  the  same  concentra- 
tion of  siHdc  add.  With  increase  in  the  excess  of  propionic  add  syneresis 
decreased.  Similar  results  were  obtained  by  the  use  of  dtric  and  formic 
adds.  Very  different  results  were  obtained  using  nitric  add.  With  in- 
crease in  the  excess  of  nitric  (or  other  mineral  add)  syneresis  increased. 

This  difference  accords  well  with  the  different  effects  of  organic  and 
mineral  adds  on  the  pitch  of  vibration.  The  depressing  effect  on  both 
pitch  and  syneresis  exerted  by  organic  adds  can  be  due  only  to  the  mde- 
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cules  of  the  add.  *  Were  it  merely  a  function  of  hydrogen-ion  concentra- 
tion trichloroacetic  add  should  produce  gels  of  higher  pitch  and  greater 
syneresis  than  gels  from  the  less  ionized  acetic  add.  Such  was  not  the 
case. 

Table  IV. 
lo  cc  of  Water  Glass  (1.15  Sp.  Gr.)  Mixed  with  10  cc  of  3  JV  Add.    Time,  2  Weeks. 
Acid.  Vibration  frequency.        Syneresis,  in  cc.  of  solution. 

Acetic 682  4.7 

Monochloroaoetie 437  4.4 

Trichloroacetic 320  3.2 

It  is  dear  from  Table  IV  that  un-ionized  molecules  of  trichloroacetic 
add  have  a  greater  influence  on  the  rigidity  and  contraction  of  sifidc 
add  gels  than  have  the  im-ionized  molecules  of  acetic  add. 

The  neutral  gds  studied  gave  but  Uttle  sjmeresis.  Interesting  results 
were  obtained  with  basic  gels.  Very  basic  gels  set  with  extreme  slow- 
ness and  were  tmsuitable.  On  setting  they  do  not  "bind"  all  the  water 
but  coagulate  as  a  soft  layer.  Moderatdy  basic  gds  set  in  soUd  form 
and  then  separate  very  large  volumes  of  water  solution.  After  standing 
two  months  a  gd  made  from  10  cc.  of  water  glass  of  i .  18  sp.  gr.  and  10 
cc.  of  N  acetic  add  separated  18  cc.  of  solution,  the  gd  having  contracted 
to  a  volume  of  2  cc.  This  was  not  a  case  of  drying  out  for  the  shrivded 
gd  was  immersed  in  the  solution.  As  in  all  experiments,  the  tube  was 
corked. 

Many  other  gds  could  be  studied  with  respect  to  pitch  and  syneresis. 
For  example,  a  gd  made  with  equal  volumes  of  water  glass,  of  i .  15  sp.  gr., 
and  3  N  dtric  add  had  a  vitMration  frequency  of  1024,  two  octaves  above 
middle  C.  A  very  slightly  basic  gd  of  this  type  made  with  water  glass  of 
1. 1 2  sp.  gr.  and  o,SN  citric  add  showed  marked  S3meresis.  Neutral 
gds  in  general  had  very  low  vibration  frequency. 

A  very  beautiful  tone  was  produced  from  a  heavy-walled  pint  milk- 
bottle  half  full  of  a  gd  made  with  water  glass  of  i .  15  sp.  gr.  and  6  N 
hydrochloric  add.  On  holdii^  this  bottle  lightly  by  the  top  and  swing- 
ing it  sharply  against  a  wooden  table,  or  similar  object,  overtones  could 
be  detected.  The  water  (of  syneresis)  on  the  surface  was  thrown  into  a 
wave  pattern  and  drops  splashed  against  the  stopper. 

Summary. 

1.  Vibrating  silidc  add  gels  were  made  whidi  on  tapping  produced  a 
tone  two  octaves  above  middle  C. 

2.  Such  gds  vibrate  as  rigid  solids,  but  tension  is  an  important  factor. 
That  they  are  tmder  considerable  tension  is  proved  by  thdr  great  contrac- 
tion in  vasdined  tubes. 

3.  Contracted  gds  removed  from  vasdined  tubes  have  a  lower  vibra- 
ti<m  frequency  than  similar  gds  adhering  to  the  walls  of  tubes  of  equal 
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diameters.    Since  vibration  frequency  varies  inversely  as  the  diameter 
of  gd  ceJumn,  tension  must  eca-t  some  influence  on  pitch. 

4.  Vibration  frequency  varies  directly  as  the  concentration  of  silicic 
add,  increases  with  excess  of  mineral  adds,  but  decreases  with  excess  of 
organic  adds. 

5.  Sjmeresis  increases  with  increases  in  concentration  of  silidc  add,  in- 
creases with  excess  of  mineral  adds,  and  decreases  with  excess  of  organic 
adds.  For  add  gds  the  same  factors  that  increase  vibration  frequency  (by 
increasing  tension  and  thus  effective  rigidity)  also  increase  S3meresis. 
Vibration  and  syneresis  have  a  direct  rdation  to  tension.  Basic  gds  are 
somewhat  abnormal  in  this  respect. 

6.  Syneresis  (separation  of  water  solution  from  gds)  varies  directly 
as  the  free  surface.  When  gds  contract  in  vaselined  tubes  far  more 
liquid  separates  than  from  equal  volumes  of  gd  in  plain  tubes  to  whidi  the 
gd  adheres. 

7.  The  extreme  in  S3meresis  was  observed  with  moderatdy  basic  gds. 
The  sohition  synerized  was  as  much  as  90%  of  the  volume  of  the  gd  in 
some  instances. 

Obbrlxn,  Ohio. 


THE  VAPOR  PRESSURE  OF  TETRANITRO-METHAWE.! 

By  Ai^an  W.  C.  Msnzibs. 

Received  June  17,  1917. 

The  meastu-ements  in  a  portion  of  the  rai^;e  here  reported  were  made  in 
1 91 8  at  the  request  of  the  Division  of  Chemistry  and  Chemical  Tech- 
nology of  the  National  Researdi  Coimdl,  and  were  desired  for  purposes 
connected  with  the  war.  Because  such  data  have  a  permanent  value, 
however,  it  was  thought  desirable  to  extend  the  measurements  over  a 
considerably  wider  range  than  was  called  for  at  that  time. 

The  sample  of  tetranitro-methane  furnished  for  the  work,  about  two 
cc.,  was  somewhat  small  for  effective  purification  by  fractionation.  Its 
boiling  point  was  found  to  be  125.7°  under  760  mm.  pressure,  however, 
which  is  in  dose  agreement  with  the  reported  values  of  Schischkow'  aad 
of  Chattaway,'  both  of  whom,  from  independent  observations,  obtained 
126°  as  the  normal  boiling  point.  Berger^  states  that  the  boiling  point 
of  his,  apparently  less  homogeneous,  preparation  was  124-125®  under 
750  mm.  pressiure;  and  this  corresponds  to  temperatures  0.4°  higher  at 
760  mm.  In  spite  of  this  concordance  in  boiling  point,  the  possibility 
of  impurity  remains  the  chief  uncertainty  in  the  data  here  recorded; 
and  it  is  therefore  superfluous  to  daborate  details  of  the  measurements. 

»  N.  R.  C.  War  Problem  No.  142. 

>  Ann.,  izpy  248  (1861). 

'  J.  Chem,  Soc.t  97,  2099  (1910). 

♦  BuU.  soc.  chim.,  [4]  9,  26  (191 1). 
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A  modified  form  of  the  static  isoteniscope  method  was  used,  with  the 
precautions  and  corrections  previously  described.*  The  thermometry 
was  in  agreement  to  o .  i  ®  with  the  1 91 4  scale  of  the  Reichsanstalt.  Chatta- 
way  and  Berger  both  report  slight  decomposition  at  the  boiling  point. 
The  behavior  of  the  sample  studied  in  the  isoteniscope  made  it  dear  that 
such  decomposition  is  appreciable  even  bdow  100°. 

The  values  in  the  table  below  are  given  for  every  5  ®,  and  were  obtsdned 
graphically  from  the  observed  values. 

Table  I. 
Vapor  Pressure  of  Tetranitn>methane. 


Temperature. 

Pressure  in 

Degrees. 

mm.  Hg  at  0' 

40 

26.6 

45 

34.4 

50 

44.2 

55 

56.1 

60 

70.6 

65 

88.1 

70 

109 

75 

134 

80 

164 

85 

199 

Temperature. 
Degrees. 

Pressure  in 
mm.  Hg  at  0*. 

90 

239 

95 

286 

100 

359 

105 

400 

no 

470 

"5 

550 

120 

640 

125 

743 

125.7 

760 

Usi^g  the  vapor-pressure  ctu^e  thus  defined  to  test  the  character  of  the 
liquid  according  to  the  criterion  suggested  by  Hildebrand,^  one  obtains, 
using  his  units,  a  value  of  13 . 9  for  the  entropy  of  vaporization  divided  by 
R  at  the  temperature  (near  70°)  at  which  the  concentration  of  the  vapor 
is  0.00507  mole  per  liter.  Assuming  the  vapor  is  normal,  this  would  in- 
dicate slight,  if  any,  association  or  abnormaUty  in  the  liquid  at  this  tem- 
perature. 

Pkincstom^  N.  J. 


[Contribution  from  the  Geophysical  Laboratory  op  the  Carnegie  iNSTrruTiON 

OP  Washington.) 

ELECTROMETRIC  TITRATIONS,   WITH   SPECIAL  REFERENCE 

TO  THE  DETERMINATION  OF  FERROUS 

AND  FERRIC  IRON.^ 

'    By  J.  C.  Hostettbr  and  H.  S.  Roberts. 

Received  July  12,  1919. 

Introductory. 

In  the  study  of  the  oxides  of  iron  now  in  progress  at  the  Geophysical 
Laboratory,  it  has  become  increasingly  evident  that  the  ordinary  methods 
for  determining  small  amoimts  of  ferrous  oxide  in  the  presence  of  nnich 
ferric  oxide  are  not  susceptible  of  the  precision  attained  in  some  of  the 

»  See  Tras  JoimNAi,,  32,  1412  (1910). 

«  Tms  Journal,  37>  97o  (19x5)- 

*  Read  at  the  Buffalo  Meeting  of  the  American  Chemical  Society,  April  9,  191 9. 
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other  measurements  on  the  oxides,  as,  for  instance,  that  of  magnetic 
susceptibility.^  Especially  was  it  necessary  to  be  able  to  distinguish  ac- 
curately between  the  ferrous  iron  contents  of  ferric  oxides  when  the  latter 
contained  less  than  o.i%  PeO,*  since  easily  measureable  differences  in 
the  magnetic  susceptibilities  of  such  oxides  have  been  found.  The  method 
which  is  described  herein  permits  of  the  determination  of  a  few  tenths  of  a 
milligram  of  ferrous  iron  in  the  presence  of  any  quantity — up  to  loo  g. — 
of  ferric  iron.  The  essential  details  of  this  method  were  developed  be- 
fore the  entry  of  the  United  States  into  the  war  and,  extended  to  include 
the  determination  of  total  iron,  the  method  fotmd  many  applications  in 
the  determination  of  iron  in  raw  materials  for  optical  glass,  in  optical 
glasses  themselves,  in  glass  pots,  and,  to  quote  an  example  in  quite  a 
different  field,  in  the  determination  of  iron  in  sulfur  chloride.' 

This  method  is,  in  brief,  the  direct  electrometric  titration  of  the  ferrous 
iron  with  standard  dichromate.  The  various  factors  affecting  this  de- 
termination have  been  studied  in  some  detail  and  as  sharp  end-points 
can  now  be  obtained  with  o.oi  N  or  even  with  0.0005  ^  dichromate 
solutions  as  with  the  more  concentrated  solutions  usually  employed. 
Furthermore,  the  technic  of  the  method  for  larger  quantities  of  ferrous 
iron  has  now  been  developed  to  such  an  extent  that  oxidation  and  reduc- 
tion titrations  carried  out  electrometrically  must  hereafter  be  considered 
precision  analytical  methods  capable  of  giving  results  to  one  part  in  a 
thousand  or  better. 

Electrometric  titrations  for  the  determination  of  various  elements 
have  been  proposed  from  time  to  time  and  some  excellent  work  of  direct 
and  indirect  application  to  analytical  procediu'e  has  been  recorded  in  the 
foreign  literature,*  but  not  imtil  the  work  of  Hildebrand,*  describing  simpli- 
fied apparatus,  appeared  in  this  coimtry  did  the  method  receive  much 
recognition.  ShcM^y  after  the  appearance  of  HUdebrand's  paper  came 
the  work  of  Forbes  and  Bartlett,*  who  described  an  anomalous  increase 
of  potential  produced  by  certain  reducing  agents  and  took  advantage 
of  this  effect  for  conveniently  locating  end-points  electrometrically.    In 

» R.  B.  Sosman  and  J.  C.  Hostetter,  Trans,  Am.  Inst.  Mining  Eng.,  58,  409-433, 
434-444  (19x7). 

'  In  previous  publications  it  has  been  shown  that  PetOt  and  Pei04  probably  form  a 
continuous  series  of  solid  solutions  (Sosman  and  Hostetter,  Tms  Joxjrnai^,  38,  807- 
833  (1916)),  and  that  all  ordinary  ferric  oxides,  both  artificial  and  natural,  carry  de- 
terminable amounts  of  ferrous  oxide. 

•  At  Edgewood  Arsenal. 

*  R.  Behrend,  Z,  phys.  Chem,,  11,  466-491  (1893);  R.  Peters,  Ibid.,  26,  193  (1898); 
C.  F^edenhagen,  Z.  anorg.  Chem.,  29,  396-458  (1892);  W.  Bdttger,  Z.  phys.  Ckem.,  24, 
253-301  (1897);  F.  Crotognio,  Z.  anorg.  Chem.,  24,  225-262  (1900);  Ostwald*  Luther 
and  Drucker,  "Physico-Chemische  Messtmgen,"  p.  454. 

»  This  JouitNAL,  35,  847-871  (1913). 
•/Wd.,35,  1527  (1913). 
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1916  Kelley  and  Conant  applied  the  latter  method  to  the  determination 
of  vanadium,^  and  chromitmi,^  in  steels,  makmg  the  method  applidable 
to  routine  testing,  and  later  Kelley  and  others  devdoped  compact  ap- 
paratus' and  extended  the  method  to  the  determination  of  manganese.^ 
Bichowsky*  has  titrated  zinc  with  ferrocyanide  and  in  the  cotnse  of  his 
investigations*  was  able  to  produce  curves  (voltune  of  ferrocyanide  against 
electromotive  force)  showing  all  variations  from  the  "normal"  curve  to 
that  described  by  Forbes  and  Bartlett. 

In  Hildebrand's  work  the  end-point  of  the  titration  was  taken  as  the 
point  of  inflection  in  the  curve  showing  the  relation  between  the  voltage 
developed  and  the  volume  of  oxidizer  (dichromate)  added.  Forbes  and 
Bartlett,  on  the  other  hand,  and  later  Kelley  and  Conant,  simply  made 
use  of  the  greatly  increased  deflection  of  the  galvanometer  as  an  indica- 
tion of  the  end-point,  taking  advantage  of  the  increased  sensitivity  given 
by  the  anomalous  rise.  The  latter  method  has  been  applied  by  these 
authors  to  routine  work  and  with  remarkable  success.  Our  problem, 
however,  was  quite  different  and  it  seemed  preferable  to  use  the  graphical 
method,  as  being  of  more  general  applicability.  The  time  consumed  in 
pbtting  is  merely  a  matter  of  a  few  minutes  and  the  shape  of  the  curve 
is  frequently  of  great  value  in  indicating  the  presence  of  imptuities — such 
as  organic  matter  in  hydroflucwric  add — ^in  the  solution  being  titrated. 
Apparatus  and  Method. 

The  first  set-up  used  was  essentially  that  described  by  Hildebrand  and 
the  effects  of  certain  variables  were  studied  with  it.  After  preliminary 
studies  had  demonstrated  the  successftd  application  to  our  problems,  ap- 
paratus was  designed  which  permitted  the  thorough  study  of  variables 
under  controlled  conditions.  Later  also  a  simplified  potentiometer  was 
devised  by  Roberts,^  the  use  of  which  eliminates  the  millivoltmeter  from 
Ae  set-up  and  makes  the  entire  outfit  very  compact.  This  potentiom- 
eter is  essentially  a  slide-wire  and  its  successful  use  assumes  that  the 
voltage  of  the  cell  (dry  cell  or  storage)  remains  steady  or  only  shifts 
gradually  during  a  titration;  readings  are  taken  as  numbers  proportional 
to  the  voltage. 

Titrating  Head. — A  few  words  may  be  inserted  here  to  describe  the 
"titrating  head"  used  to  cover  the  flask  which  contains  the  solution  to 
be  titrated,  in  order  that  the  atmosphere  above  the  solution  may  be  con- 
trolled, and  also  to  support  the  calomel  half -cell  and  the  platinum  elec- 

1  Tras  Journal,  38,  341  (1916). 

*  J.  Ind.  Eng.  Chem.,  8,  718  (1916). 
'  Ibid,,  9,  780  (1917). 

♦  Ibid,,  10,  19  (1918). 
*/«d.,  9,668  (1917). 

•  /  Wash,  Acad.  Set.,  7,  141  (1917). 
»  Th»  Journal,  4h  '359  (1919)- 
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trode.  Cad^on  dioxide  or  nitrogen  (freed  from  oxygen)  is  passed  through 
the  flask  before  and  during  a  titration;  the  entrance  tube  for  carbon  di- 
oxide eztencfe  about  half  way  mto  the  flask.    The  calomel  half-cell  is 

made  as  shown  in  Fig.  i;  the  tube 
making  connection  with  the  solution  has 
an  internal  diameter  of  about  i  mm. 
and  is  turned  upwards  at  the  bottom  in 
OTder  to  prevent  the  heavy  potassium 
or  sodium  chloride  sdution  from  running 
into  the  flask  with  a  corresponding 
amount  of  lighter  solution  traveling  up 
into  the  small  tube  and  hence  escaping 
the  reaction.  This  connecting  tube  is  not 
sealed  to  the  titrating  head  but  passes 
loosely  through  a  tube  which  supports  it, 
thus  permitting  adjustment  for  different 
sized  flasks.  The  calomel  cell  is  made  up 
^^^^^2  with  strong  sodium  or  potassium  chloride 
solution,  such  high  concentration  being 
desirable  in  cwder  to  reduce  the  resis- 
tance of  the  titrating  system  with  conse- 
qu^it  increase  in  electrical  sensitivity 
and  to  raise  its  boiling  point  so  that 
bubbles  of  steam  may  not  form  in  the 
Pig.  T.— Flask  covered  by  "Titrat-  capiUary.  A  small  extension  tube  is 
uig  Head"  which  supports  the  calo-  sealed  to  the  tip  of  the  buret, 
md  hsdf-cell  and  platinum  electrode  The  electrode  consists  of  a  single 
and  also  permits  the  maintenance  of  a  platinum  wire  (0.4  mm,  diam.)  sealed 
neutral  atmosphere  within  the  flask.       ..  ,*  j«^u.i.  t_        j- 

mto  a  tube  ground  mto  the  carbon  di- 
oxide tube  as  shown  in  the  sketch;  this  joint  enables  one  to  wash  down 
the  lube  and  electrode  upon  which  solution  may  have  spattered  during 
the  titration. 

Method  of  Investigation. — ^The  method  of  study  followed  here  was,  in 
its  essentials,  simply  the  electrometric  titration  of  a  few  milligrams  of 
ferrous  iron  tmder  a  variety  of  conditions,  followed  by  comparison  of  the 
curves  so  obtained.  The  success  of  any  titration  in  the  preliminary 
experiments  was  judged  by  the  character  of  the  graph  near  the  change 
of  curvature  and  the  precision  with  which  the  point  of  inflection  could  be 
determined.  Later  the  quantitative  side  of  the  problem  was  studied. 
The  results  of  the  experiments  defining  conditions,  recorded  in  this  paper, 
are  therefore  expressed  mainly  in  the  form  of  curves. 

Methods  of  Plotting.— The  usual  method  of  directly  plotting  the  rela- 
tions between  volmne  of  oxidizer  V,  and  electromotive  force  E,  is  satis- 
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factory  for  moet  cases.  A  convenient  scale  of  codrdinates  which  enatdes 
ene  to  read  the  end*point  with  the  precisi<Mi  ordinarily  required  as  i  cm. 
for  r  cc.  against  i  cm.  for  100  milHvoits.  In  cases  where  the  point  of 
inflection  is  not  readSy  determined  on  the  graph  plotted  to  tiiis  scale^--a8 
when  too  Utde  add  is  present  dtuing  the  titratioa-— other  ratios  in  which 
the  voltage  scale  is  increased  may  be  used  with  advaobage.  A  Uttle 
practice  enables  one,  however,  to  locate  by  inspection  the  point  of  inflec- 
tion with  the  desired  accuracy. 

In  some  cases  the  plotting  of  AE/AV  s^fainst  V  is  a  distinct  advantage; 
this  derivative  passes  through  a  masdmum  at  the  point  of  inflection  and 
consequently  its  relation  to  V  may  serve  for  the  location  of  the  end'^point. 
Even  such  a  curve  as  that  of  No.  4  in  HikldMrand's  paper,^  -Mnch  was 
caused  by  too  low  a  concentration  of  acid  in  the  solution  being  titrated 
and  which  he  pronounced  "unsatisfactory"  can  be  made  to  yield  a  &drly 
satisfactory  maa:iinimi  oorrespondii^  to  the  point  of  inflection  if  A£/AV 

TTT 


Pig.  3. — ^Titration  of  4.1  mg.  of  ferrous  iron  in  70%  coac  hydrochloric  add  with 
ctidu-omate  section  yielding  typical  curve  of  potential  E,  against  volume  of  dichromate, 
V.  Plotting  ^E  over  Al^  gives  a  sharp  maximum  corresponding  to  the  point  of 
inflection  which  is  the  "end-point"  of  the  titration. 

inst^ead  of  E  is  plotted  against  V.  Ref^ ence  to  Fig.  2,  which  gives  typical 
curves  for  the  titration  of  ferrous  iron  by  dichromate,  shows  the  sharp 
maodmum  obtainable  by  plotting  the  derivative  against  volume. 

The  End-Point. 
"Electrometric  methods,  unlike  most  of  the  other  methods  of  volu- 
metric analjrsis,  are  not  merely  special  methods  applicable  to  but  on^  reac- 
>  Ijoc.  cit,,  Fig.  J 5.  p.  870. 
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tion  under  a  rigorously  limited  set  of  experimental  additions  as  are  our 
indicator  metbods,  but  they  are  perfectly  general  methods  based  not  on 
the  accident  of  the  discovery  of  a  new  indicator  but  on  a  perfectly  general 
principle.  If  we  consider  the  reaction  A  +  B  — ►*  C  +  D  and  intro- 
duce into  the  reaction  mixture  an  electrode  whose  E.  M.  F.  dq>ends  on 
the  concentration  of  any  of  the  reacting  substances,  say  B  the  change 
of  the  £.  M.  P.  as  you  add  or  subtract  more  or  less  of  that  substance  is 
proportional  not  to  the  amount  added  but  to  the  percentage  change  of 
concentration  of  that  substance,  and  accordingly,  the  tnainmum  per- 
centage change  of  concentration  and  hence  of  E.  M.  P.  occurs  at  the 
point  where  the  concentration  of  B  equals  that  of  C,  i.  e.,  occurs  at  the 
end-point  (equilibrium  point)  of  the  reaction."^ 

The  shape  of  the  curve  relating  electromotive  force  and  ooncentration 
as  the  iron  is  oxidized  follows  from  the  logarithmic  ratio  of  the  concen- 
trations in  the  well-known  equation  for  the  electromotive  force  of  sudi 
cells.  The  voltage  changes  very  slightiy  with  the  first  adctiticms  <rf  oxidizing 
agent,  but  as  the  one  ion  disappears  the  amount  of  oxidizing  agent  neces- 
sary to  depress  its  concentration  to,  say  i%  of  its  former  value,  rapidly 
becomes  smaller.  Just  as  soon  as  the  concentration  of  one  ion  becomes 
negligfi)ly  small  the  reverse  process  takes  place  with  respect  to  the  osd- 
dizing  ion  from  the  added  reagent.  Up  to  this  point  the  oxidizing 
agent  has  been  reduced  as  rapidly  as  it  was  add^  and  consequently 
no  concentration  of  the  oxidizing  ion  can  develc^  tmtil  the  reducing  ma- 
terial is  completely  oxidized.  When  this  point  is  reached  the  same  rea- 
soning will  account  for  the  increase  of  potential  which  is  rapid  at  first  as 
the  concentration  of  the  new  ion  increases  slightiy  and  then  increases 
less  rapidly  as  the  concentration  of  the  oxidizing  ion  increases.  The  point 
at  which  this  change  of  direction  occurs  is  obviously  therefore  the  "end- 
point"  of  the  particular  reaction. 

Experimental  evidence  that  such  a  point  of  inflection  actually  corre- 
sponds to  the  end-point  was  obtained  in  two  ways.  In  the  first  series 
definite  amounts  of  ferrous  iron  were  titrated  dectrometrically,  and  the 
quantities  so  determined,  taking  the  point  of  inflection  as  the  end-point, 
were  checked  against  those  known  to  be  present.  In  the  second  series 
the  titration  of  a  ferrous  solution  with  permanganate  showed  that  the 
pink  color  indicating  the  end-point  appeared  exactiy  at  the  point  of  in- 
flection when  small  quantities  of  ferrous  iron  were  titrated  in  sulfuric  acid 
solution.    This  subject  will  be  referred  to  later. 

Electrodes. — Experiments  were  made  cm  electrodes  of  different  ma- 
terials and  some  of  the  curves  obtained  during  this  study  are  shown  in 
Pig.  3.  The  "normal**  curve  is  shown  for  purposes  of  comparison.  These 
'  Quoted  from  an  unpublished  address  by  Dr.  P.  R.  Bidiowsky  of  this  laboratory, 
before  the  Chemical  Society  of  Washington,  April  12,  191 7. 
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curves  were  obtained  by  carrying  out  a  titration  with  several  different 
wires  immersed  in  the  iron  solution  making  readings  on  the  different  elec- 
trodes seriatim.  Palladiiun  is  not  suitable  as  an  electrode  for  these  titra- 
tions as  evidenced  by  the  curve  of  its  electromotive  force  against  dichro- 
mate;  the  voltage  rises  slightly 
at  first  and  then  remains  con- 
stant, or  nearly  so,  throughout 
the  course  of  the  titration.^  The 
influence  of  palladium  is  also 
seen  in  the  curve  for  the  palla- 
dium-gold alloy  which  is  inter- 
mediate between  the  palladium 
curve  and  that  for  gold,  the 
latter  electrode  giving  a  com- 
paratively small  rise  near  the 
e&d-point.  The  curve  shown 
here  for  platinum  "B"  which 
had  been  originally  covered  with 
platinum  black  was  obtained 
only  after  repeated  treatment  Fig. 
of  the  electrode  with  add.  The 
improvement  in  the  shape  of 
the  curve,  which  was  initially, 
in  ather  titrations,  not  much  above  that  for  palladitun,  was  probably 
due  to  reduction  of  surface  by  solution*  of  the  finely  divided  platinum 
black.  In  experiments  with  platinum  electrodes  of  different  area  it 
was  found  that  the  best  restdts,  as  evidenced  by  steadiness  of  potential 
and  extent  of  rise  near  the  end-points,  were  obtained  with  an  electrode 
presenting  the  least  possible  stuface  to  the  solution.  A  small  platintun 
wire  (0.4  mm.  diameter,  for  instance),  was  found  to  be  satisfactory;  it  is 
used  in  the  bright  condition  and  between  titrations  is  kept  in  i :  i  hydro- 
cddoric  add. 

Electrodes  were  fotmd  to  be  very  sensitive  to  contamination — as  a  result 
of  which  very  irregular  curves  are  obtained,  which  are  quite  unsuitable 

*  It  is  not  unlikely  that  the  curve  for  a  palladium  electrode  will  depend  to  some 
degree  upon  the  amount  of  hydrogen,  or  other  redudng  gases,  condensed  within  it. 
This,  in  turn,  would  depend  upon  whether  the  electrode  had  been  previously  ignited 
in  a  gas  flame,  or  by  heating  in  air  (as  electrically).  If  etudes  of  the  type  shown  in 
No.  5  of  Fig.  3  can  be  consistently  reproduced  (and  there  is  much  evidence  that  they 
can)  the  possibility  is  at  once  suggested  that  an  electrode  of  palladium  can  be  sub- 
stituted for  the  calomel  electrode  with  a  considerable  simplification  of  apparatus. 

^  It  is  interesting  to  note  in  this  connection  that  a  bright  platinum  foil  electrode 
presenting  approximately  5  sq.  cm.  area  to  the  solution,  lost  0.17  mg.  dtuing  a  titration 
carried  out  in  strong  HCI.     In  this  case,  however,  the  solution  was  exposed  to  the  air. 


0.01  N         ^tCxtO^ 
3. — Titration  curves  obtained  with  elec- 
trodes of  different  metals.     The  most  satis- 
factory curve  is  given  by  platinum  of  small 
area  (Curve  i). 
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for  good  work.  An  electrode  must  be  thoroughly  deaaed  before  use — ^by 
add  treatment  followed  by  an  ignition — and  should  be  kept  under  hydro- 
diloric  add  between  titrations.  The  irr^ular  results  frequently  ob- 
tained before  the  dectrodes  are  satisfactorily  dean  are  probably  polariza- 
tion effects,  and  may  lead  to  an  appreciable  error  in  the  end-point.  Ctirve 
2,  in  Fig.  3,  is  typical  of  the  action  of  a  dirty.platinum  dectrode.  The 
lowering  of  E.  M.  F.  increases  greatly  after  the  end-point  is  passed  and 
thereby  shifts  the  point  of  inflection  to  the  right.  This,  of  course,  in- 
troduces an  error  into  the  determination  which  can  be  avoided  by  keeping 
the  dectrode  dean.  The  condition  of  the  dectrode  can  readily  be  ascer- 
tained from  the  shape  of  the  curve  obtained  from  a  test  titration  of  ferrous 
solution  in  I :  I  hydrodiloric  add. 

Irregular  results  were  also  obtained  when  the  stream  of  carbon  dioxide, 
or  nitrogen,  was  passed  through  the  solution  in  order  to  assist  stirring. 
This  appears  to  be  a  logical  method  of  stirring,  but  it  was  found  that  these 
gases  bubbling  over  the  platinum  dectrode  in  contact  with  the  solution 
gave  irregular  deflections  of  the  galvanometer  corresponding  somewhat 
to  the  bubbles  of  gas.  The  carbon  dioxide  tube  was,  therefore,  shortened 
as  shown  in  Fig.  i,  and  satisfactory  results  have  since  been  secured. 

Effect  of  Temperature. — Sudden  dianges  of  temperature  are  to  be 
avoided  but  gradual  drifting  may  be  tolerated  inasmuch  as  this  merdy 
shifts  the  slope  of  the  curves  to  a  slight  extent  and  this  cannot  be  mis- 
taken for  a  point  of  inflection  involving  a  large  potential  difference.  Cer- 
tain reactions  are  best  carried  out  at  higher  temperatures — as  the  reduc- 
tion of  ferric  iron  with  stannous  chloride  to  be  described  later — and  we 

have  found  no  difficulty  what- 


ever  in  canying  out  the  titra- 
tion at  temperatures  which 
gradually  f dl  from  the  boiling 
point  of  water  to  6o  or  70** 
at  the  end  of  the  titration. 
Blanks. 
Plotting  the  voltage  ob- 
tained by  adding  potassium 
dichromate  (0.01  AO  to  hydro- 
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A,  B,  and  C,  shown  in  Fig.  4. 
These    curves    rise    sharply 


Fig.  4. — Curves  A,  B,  and  C  resulted  from  the    -  -     .         .,     .  ,., 

"titration"  of  hydrochloric  acid  with  dichromate  ^^^  ^1  ^7^  ^^*^^.  **« 
solution.     D  is  the  titration  of  ferric  iron  in  hy- 
drochloric acid  solution.    E  is  the  titration  of  fer- 
rous iron  in  the  presence  of  ferric  iron.    The  dis-  from  an   initial  voltage  that 
tance  H  disappears  when  ferric  iron  is  present.  jg   increased   as   the    add    is 

made  less  concentrated;  the  aridities  are  100%,  66.7%,  and  53.3%  of 
the  concentrated  add,  respectivdy.  The  first  thought  is  to  consider  that 
the  horizontal  distance  H  from  the  vertical  axis  to  the  curve,  at  the  volt- 
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age  corresponding  to  the  point  of  inflection  as  given  in  Curve  £,  represents 
the  blank  for  these  conditions.  However,  if  one  "titrates"  a  carefully 
made  ferric  solution  with  dichromate  the  curve  rises  very  sharply  as  before, 
but  the  initial  voltage  is  now  near  the  usual  inflection  voltage  and  the 
more  completdy  ferric  the  solution  the  nearer  the  initial  voltage  approaches 
that  at  the  point  of  infleqldon  (Curve  D).  Consequently  the  **blank** 
as  found  in  the  first  test  does  not  apply  to  the  actual  working  condi- 
ticxis  in  whidi  ferric  iron  is  present.  The  curve  resulting  from  the 
titration  of  ferric  iron  with  dichromate  may  also  be  considered  as  evi- 
dence that  the  end-point  is  actually  the  point  of  inflection. 

Blanks  caused  by  ferrous  iron  or  other  reducing  material  present  as 
impurities  must  obviously  be  considered.  The  shape  of  the  curve  is, 
under  these  omditions,  quite  different. 

Effect  of  Acidity. 

Hydrochloric  Acid. — ^Hildebrand  showed  that  the  "end-point"  was  very 
satisfactory  if  ferrous  iron  were  titrated  in  33%  cone,  hydrochloric  add 
(by  vdulne)  and  an  even  greater  change  in  potential  was  obtained  near 
the  end-point  where  67%  add  was  used.  From  this  it  is  evident  that  con- 
siderable variation  in  addity  is  permissible.  Too  low  an  add  concentra- 
tion, however,  gives 
carves  such  as  that  of 
Hildd)rand's,previously 
mentioned. 

Sulfuric  Add.— The 
titration  of  ferrous  sul- 
fate was  also  carried  out 
in  sulfuric  add  solutions 
and  the  results  are 
shown  in  Fig.  5,  which 
gives  all  the  essential 
data.  The  effect  of  high 
acidity  in  increasing  the 
vcdtage  diange  is  again 

evident  from  the  curves,  p.^     ^^showing    change    in    the    Utration    curve 

and  the  fact  demon-  with  varying  concentration  of  sulfuric  acid.  High  acid- 
Strated  that  satisfactory  ity  favors  large  rise  of  potential  near  the  end-point.  The 
points  of  inflection  may  curve  in  50%  cone,  hydrochloric  acid  b  given  for  com- 
be secured  over  a  wide  P^^^°-  ^^°^  *^°"  =  ^-^^  "^s-;  total  volume  of  solu- 
rangeof  addity,  from  ^°^''^°^- 

17  to  67%  of  the  concentrated  add,  and  very  likdy  this  range  can  be 
extended  in  dther  direction. 

Nitric  Acid. — Because  of  its  oxidizing  action  nitric  add  must  be  absent 
from  s(dutions  to  be  titrated  in  this  manner.    The  voltage  of  a  ferric  nitrate 
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solution  was  found  to  be  about  the  same  as  that  given  with  excess  dichro- 
mate,  under  our  conditions  of  acidity. 

Hydrofluoric  Acid. — Two  series  of  titrations  of  ferrous  iron  in  the  pres- 
ence of  hydrofluoric  acid  accompanied  by  hydrochloric  add  and  also  by 
sulfuric  add  showed  that  hydrc^uoric  add  was  without  detrimental  ef- 
fect. Its  inertness  indicated  that  the  method  could  be  applied  to  the  di- 
rect determination  of  ferrous  oxide  in  silicates  and  subsequently  many 
glasses  and  glass  pots  were  analyzed  for  ferrous  iron  in  this  manner. 
In  the  coiurse  of  his  work  on  the  analysis  of  optical  glasses,  our  colleague, 
J.  B.  Ferguson,  obtained  some  irregular  results  when  hydrofluoric  add 
was  present  in  the  iron  solution  during  titration  and  later  this  was  traced 
to  the  presence  of  impurities  (probably  organic  matter),  in  the  hydro- 
fluoric add;  the  organic  matter  was  oxidized  slowly  by  dichromate  and 
gave  a  sloping  curve  which  somewhat  obscured  the  point  of  inflection. 
Some  lots  of  add  showed  this  irregular  action  while  others  gave  smooth, 
normal  curves.    This  subject  will  be  considered  more  in  detail  elsewhere. 

Effect  of  Acidity  when  Using  Dilute  Dichromate. — ^From  the  data  just 
presented  it  is  evident  that  the  dectrometric  titration  of  ferrous  iron  may 
be  successftdly  carried  out  in  solutions  of  widely  varjdng  addity  for  con- 
centrations of  dichromate  in  the  range  of  o.  i  AT  to  0.005  N. 

When  using  o .  001  N  dichromate,  however,  the  addity  and  volume  of  the 
iron  solution  become  highly  important.  The  curves  obtained  on  titrating 
with  o.ooi  N  dichromate,  iron  solutions  containing  0.56  mg.  ferrous  iron 
in  10  and  also  in  35  cc.  of  25%  sulfuric  add,  showed  very  httle  rise  of 

potential  and,  at  best,  gave 
an  obscure  end-point.  On  the 
other  hand,  good  curves  may 
be  obtained  with  o.ooi  N  and 
even  0.0005  ^  dichromate  if 
this  has  been  made  up  with 
add,  and  if  the  volume  of 
solution  to  be  titrated  is 
small.     The  soUd  curves   of 

^  Fig.  6  represent  the  titration 

Fig.  6. — Titrations  with  o.ooi  N  and  0.0005  N     e     t^      ,  ,  .  ti* 

.      J.  .        ^  of  about  o .  s6  me.  metaluc 

potassium  dichromate.  ".t^t*v   v.^vr    x**^  «u^v«uuv. 

iron  in  various  amounts  of 
25%  cone,  sulfuric  add;  the  oxidizer  in  each  case  was  o.ooi  N  didiromate 
in  25%  cone,  sulfuric  add,  about  10  cc.  bdng  required  to  reach  the  end- 
point.  This  series  illustrates  the  advantage  of  working  with  a  small 
volume.  The  dotted  curve  is  taken  from  the  titration  of  half  this  quan- 
tity of  iron  in  10  cc.  of  25%  cone,  sulfuric  add,  the  oxidizer  in  this  case 
being  0.0005  N  dichromate  in  25%  sulfuric  add. 
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Effect  of  Ferric  Iron  on  the  Titration  of  Ferrous  Iron. 
After  the  preliminary  work  on  the  effects  of  acidity  liad  been  completed, 
titrations  of  small  amounts  of  ferrous  iron  were  carried  out  with  the  addi- 
tion of  successively  larger  portions  of  ferric  iron.  The  result,  as  was  to 
be  expected,  was  a  shortening  of  the  difference  in  potential  at  the  end- 
point,  mainly  because 
of  the  increased  initial 
potential.  The  poten- 
tial at  the  point  of  in- 
flection was  also  in- 
creased under  these  con- 
ditions. However,  the 
points  of  inflection  were 
stSU  perfectly  sharp  even 
attl^  higher  concentra- 
tions of  ferric  iron  as  is 
evident  from  the  curves 
given  in  Fig.  7.  The 
ferrous  iron  titrated  in 


iron  to  ferrous  increases  but  the  end-point  is  still  easily 
located. 


Pirti  Ptmc  Inn    h  One  Pmrf  Fefr»aS  Jrtm 

Fig.  7. — Change  in  titration  curve  of  ferrous  iron 
the  last  curve  was  only  caused  by  additions  of  ferric  iron.  The  change  of  poten- 
j  part  to  2600  ferric.  ^^  ^^^^^  ^^  end-point  is  reduced  as  the  ratio  of  ferric 
In  the  work  on  the  de- 
termination of  ferrous 
iron  in  ferric  salts  the  ferrous  iron  content  titrated  directly  was  at  times 
only  0.0002%  (of  the  salt)  and  even  tmder  these  extreme  conditions  the 
end-point  obtained  was  perfectly  definite. 

Determination  of  Ferrous  Iron  In  Ferric  Compounds. 
Conditions  having  been  established  for  the  determination  of  ferrous 
iron  in  the  presence  of  large  quantities  of  ferric  iron  the  former  was  deter- 
mined in  a  number  of  ferric  salts.  In 
order  to  dissolve  the  ferric  compotmd  in 
the  absence  of  air  the  solution  was  ef- 
fected in  an  atmosphere  of  carbon  di- 
oxide in  the  dissolving  flask  shown  in 
Fig.  8.  This  is  a  modification  of  the 
one  formerly  used^  and  possesses  the  ad- 
ditional advantage  that  spatterings  on 
the  combination  stopper  and  funnel  can 
be  more  readily  washed  off. 

Method.— Ten  g.  of  the  salt  (sulfate 
or  chloride)  is  dissolved  in  water  in  an 

»  R.  B.  Sosman  and  J.  C.  Hostetter,  Tms 
Journal,  38,  822  (191 6). 


tt,-c 


Pig.  8. — ^Flask  for  dissolving  salts  or 
oxides  in  an  inert  atmosphere. 
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atmosphere  of  carbon  dioxide  and  the  solution  treated  with  an  equal 
volume  of  cone,  hydrochloric  acid.  The  fimnel-stopper  of  the  flask  is 
now  removed  and  the  titrating  head  put  in  place,  the  stream  of  carbon 
dioxide  through  the  flask  continuing  to  flow.  Electrical  connection  is 
made  by  allowing  the  capillary  connecting  with  the  calomel  cell  to  fill  by 
manipulating  the  small  stopcock  shown  at  S  in  Fig.  i.  The  solution  is 
now  titrated  with  o.oi  N  potassium  dichromate  and  the  results  plotted. 

Tabids  I. — ^Psrrous  Iron  in  Pbriuc  Salts. 

By  Electrometric  Titration. 

Ferric    salt.                              Maker.                              Grade.  Lot  No.  %  ferrous  Iron. 

Ammonium  sulfate. . .  J.  T.  Baker  C.  P.  analyzed  1027 ii  0.0005 

Ammonium  sulfate. . .  Baker  &  Adamson  C.  P.  analyzed  . .  0.0035 

Ammonium  sulfate. . .  Baker  &  Adamson  C.  P.  analyzed  . .  <o.ooo5 

Ammonium  sulfate. . .  Baker  &  Adamson  C.  P.  analyzed  . .  <o.ooo5 

Ammonium  sulfate. . .  Baker  &  Adamson  C.  P.  analyzed  o.oio 

Ammonium  sulfate...  Elahlbatmi  White  label  P3113  0.00025 

Ammonium  sulfate...  Squibb  Reagent  12098  <o.ooo2 

Bromide Kahlbaum  White  label  Z  3012  5 .41 

Chloride: 

Hydrated  crystals..  J.T.Baker  C.  P.  analyzed  126 11  0.0005 

Hydrated  crystals. .  J.  T.  Baker  C.  P.  analyzed  32913  0.0005 

Hydrated  crystals. .  Baker  &  Adamson  C.  P.  analyzed  . .  0.0022 

Hydrated  crystals..  Baker  &  Adamson  C.  P.  analyzed  ..  0.004.     < 

Hydrated  cnrstals..  Eimer&  Amend  Pure  0.004 

Hydrated  crystals..  Kahlbaum  "Zur  analjrse'*  ..*  0.0014 

Hydrated  crystals..  Kahlbaum  White  label  D  0708  0.0005 

Hydrated  crystals..  Squibb  Reagent  17453  0.004 

Sublimed Baker  &  Adamson  C.  P.  analyzed  . .  . .  * 

Sublimed Kahlbaum  White  label  C  070?  o. 404 

Sublhned Merck  Reagent  1^^597       0.020 

( 12716 

Sulfate J.  T.  Baker  C.  P.  analyzed         12315       <o.ooo3 

The  change  of  voltage  with  the  first  drop  of  dichromate  is,  in  itself,  an 
excellent  criterion  as  to  the  presence  of  ferrous  iron.  The  curves  of  Fig.  9 
show  the  change  in  the  form  of  the  curve  in  the  titraticm  of  successively 
increasing  small  amounts  of  ferrous  oxide.  Ferric  iron  was  present  to 
the  extent  of  1660  mg.  in  each  titration.  The  scale  of  voltunes  in  Fig.  9  is 
much  larger  than  in  the  other  figiues. 

Restdts  on  the  percentage  of  ferrous  iron  in  a  number  of  ferric  salts 
have  been  collected  in  Table  I,  which  shows  a  considerable  variation  in 
ferrous  iron  content.  The  salts  analyzed  were  taken  from  our  stock 
shelves;  the  ferrous  iron  varies  from  0.0003  to  0.020%,  although  there 
are  several  exceptions. 

It  should  be  pointed  out  here  that  the  percentages  of  ferrous  iron  re- 
ported in  these  ferric  salts  were  of  necessity  determined  in  solution  and 

^  Not  distinguishable. 
^  Contains  metallic  iron. 
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some  proportion  of  the  ferrous  iron  found  may  have  arisen  from  action  of 
the  solvent  on  a  solid  salt — ^in  which  the  iron  was  all  in  the  **ferric*'  con- 
dition— by  attainment  of  equilibrium  between  ferrous  and  ferric  iron.  This 
would  arise  as  a  consequence  of  the  relation  developed  by  Peters:^  these 
two  ions  are  in  equilib- 
rium and  the  concentra- 
tion of  one  does  not 
normally  reach  zero. 
Ferrous  iron  might  form 
by  hydrolysis  also,  sinc^ 
the  hydrolysb  of  ferric 
salts,  especially  the 
diloride,  probably  in- 
volves the  formation  of 
intermediate  ions  con- 
taining ferrous  iron.* 
The  amounts  of  ferrous 

ion  developed  by  these 

reactions    are    small  cc  aolM  K^r^ 

under  our  conditions  ^^^'  9* — ^^''^  amounts  of  ferrous  iron  titrated  in  the 
but  it  should  be  con-  P^^^e  0^^660  mg.  ferric  iron. 
stant,  under  identical  conditions,  for  each  t3rpe  of  salt.  Since,  how- 
ever, variations  in  ferrous  iron  content  of  these  salts  were  actually  found, 
differences  must  have  existed  in  the  salts  themselves.  The  lowest 
values  found  may  have  been  formed  as  indicated  above,  but  it  is  unlikely 
that  the  larger  percentages  can  be  accounted  for  in  this  manner. 

A  number  of  old  samples  of  ferric  chloride  which  had  stood  loosely  stop- 
pered on  the  stock  room  shelves  for  possibly  10  years  were  examined  and 
some  observations  on  these  may  be  of  interest.  The  salt  in  one  of  these 
bottles  was  covered  with  a  layer  of  saturated  solution;  10  g.  of  the  moist 
salt  was  fotmd  to  contain  o.  11  mg.  of  ferrous  oxide,  whereas  3  cc.  of  the 
solution  over  the  salt  gave  0.16  mg.  Expressed  on  the  basis  of  total 
iron  the  salt  contained  approximately  one  part  ferrous  iron  in  30,000 
while  the  solution  in  contact  with  it  showed  double  this  amount.  Hy- 
drolysis involving  the  formation  of  an  intermediate  ferrous  ion  would  ac- 
count for  the  higher  percentage  in  the  solution. 

Reduction  of  Ferric  Chloride  by  Boiling.— The  following  experiment 
is  interesting  in  showing  that  the  small  amotmt  of  ferrous  iron  formed  by 
reduction  on  boiling  aqueous  ferric  chloride  in  ordinary  air  may  be  readily 
determined  dectrometrically.    While  no  special  precautions  were  taken 

^  Local. 

*  H.  M.  Goodwin,  Z.  phys,  Chem.,  21,  1-15  (1896) ;  W.  Spring,  Rec.  trav.  chitn., 
id,  237-249  (1897). 
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to  insure  the  absence  of  traces  of  reducing  material  from  the  water  or  the 
air,  the  fesults  indicate  that  the  solution  was  reduced  notwithstanding 
the  ease  with  which  the  air  oxidizes  ferrous  solutions  containing  chloride. 
A  solution  of  ferric  chloride  (lo  g.  oystals  in  50  cc.  water)  was  boiled  in  a 
flask  for  5  minutes,  after  which  the  solution  was  allowed  to  stand  on  the- 
hot  plate  for  30  minutes.  Some  precipitation  of  ferric  hydrate  took  place: 
dtuing  this  treatment.  This  precipitate  was  dissolved  when  the  solution: 
was  treated  with  100  cc.  of  cone,  hydrochloric  acid  previous  tothetitra-^ 
tion.  The  solution  now  showed  0.76  mg.  ferrous  iron.  Ten  g.  oif  the 
salt  dissolved  and  titrated  without  having  been  boiled  showed  0.22  mg.,. 
the  difference  of  o .  54  mg.  having  developed  diuing  the  treatment  at  the 
higher  temperature,  notwithstanding  the  fact  that  the  solution  was  fredy 
exposed  to  the  air  during  this  time.  Other  similar  experiments  confirmed 
this. 

The  similar  reaction  in  the  case  of  ferric  bromide  has  been  known  for 
many  years.  ^ 
Ferric  Oxides. — Several  determinations  of  ferrous  oxide  in  ferric  oxides 
from  different  sources  are  given  in  Table  II;  the 
ferrous  iron  was  determined  in  a  solution  of  10  g. 
of  the  oxide  dissolved  in   i :  i   hydrochloric  add. 
The  last  3  oxides  were  produced  by  ignition  of  cer- 
tain salts  over  the  blast  lamp.    This  ignition  was. 
carried  out  in  platintun  using  an  asbestos  board 
screen  to  carry  away  reducing  gases.    The  small 
amounts  of  ferrous  oxide  (0.024  to  0.055%)  found 
in  the  ignited  product  are  formed  by  reduction  in . 
one  or  all  of  the  following  ways:  namely,  (i)  re- 
duction by  platinum,*  (2)  by  reducing  gases  fromi 
:0    /jfLP-       J  ^^  flame,  (3)  by  dissociation  of  ferric  oxide  even. 
^yfj  in  air.*    The   magnetic   susceptibiUties   of   these 

JT  oxides  were  previously  determined  and  confirm  the 

presence  of  ferrous  oxide.* 

The  Determination  of  Large  Amounts  of  Fer- 
rous Iron. — ^The  method  previously  discussed  may 
be  applied  equally  well  to  the  determination  of 
large  quantities  of  ferrous  iron  if  the  accuracy  given 
by  volume  biuret  is  suflSdent.  For  higher  precision^ 
^  L.  L.  DeKoninck,  Z.  angew.  Chem.,  3,  149  (1889). 
Fig.  10.— Modified  weight  *  Robert  B.  Sosman  and  J.  C.  Hostetter,  /.  Wash.  Acad. 

buret  for  electrometric  Sci.,  5,  293-303  (1915)- 

titrations.     The   small  »  J.  C.  Hostetter  and  R.  B.  Sosman,  Tms  Journai,,  38, 

volume  buret  sealed  to  „88-ii98  (1916). 

the  weight  buret  IS  used  a  n  %%  c^  j  t  rx  «    ^  -lx       t*  a       t  ^ 

for   titrating  near   the  ^-  ®-  Sosman  and  J.  C.  Hostetter,  Trans.  Am.  Inst^ 

end-points.  Mining  Eng.,  58,  418  (191 7). 
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the  only  necessary  modification  in  the  method  is  the  use  of  a  weighing 
buret^  for  the  dichromate  solution. 

The  inconvenience  of  weighing  the  biuret  and  solution  after  the  addition 
of  each  drop  near  the  end-point  may  be  avoided  in  two  ways.  The  first 
method  uses  strong  oxidizing  solution  (as  o,  i  A^)  for  the  entire  titration; 
the  solution  is  delivered,  however,  from  the  modified  weighing  buret  shown 
in  Fig.  10.  This  buret  permits  the  use  of  a  small  voliune  buret  (i  cc. 
capacity  reading  to  o.oi  cc.)  for  the  end-point  while  the  larger  reservoir 
is  drawn  upon  for  most  of  the  titration.  The  manipulation  of  the  buret 
is  obvious  from  the  figure.  The  weight  of  solution  corresponding  to  the 
unit  graduation  must,  of  cotuse,  be  previously  determined. 

Table  II. — Fbrrous  Oxidb  in  Ferric  Oxides  from  Dutferent  Sources. 

Source  of  ferric  oxide.  %  FeO. 

Merck,  Iron  Oxide  Reagent  (Lot  1041)  (from  Nitrate) 0.015 

Kahlbaum,  Kisenoxyd  "Zur  Analyse  mit  Garantieschein"  (Lot  4478) .  o. 033^ 
Ignition  over  blast  lamp  of: 

Ferric  Nitrate  (J.  T.  Baker) 0.055 

Ferric  Hydrate,  C.  P.,  Moist  (J.  T.  Baker) 0.024 

Ferrous  Sulfate  (J.  T.  Baker) 0.050 

The  second  method  for  titrating  with  strong  dichromate  is  the  use  of  the 
weighing  buret  imtil  the  voltage  indicates  the  proximity  of  the  region  of 
inflection,  after  which  the  titration  is  completed  with  a  dilute  solution 


cc  j^K,Cr,0,- 


TgbK.Cr.0,  - 


Grwm-{jj-KgCr,0, 


100 


Fig.  II. — Method  of  plotting  results  when  o.oi  N  dichromate  solution,  delivered 
from  a  volume  buret,  is  used  for  the  end-point  region,  while  o.i  N  dichromate  solution, 
from  a  weight  buret,  is  used  for  most  of  the  curve. 

>  This  buret  should  have  an  extended  tip  sealed  to  it  and  the  protecting  cap  should 
be  lengthened  correspondingly. 

*  Not  homogeneous;  some  portions  contain  as  much  as  0.043%  FeO. 
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delivered  from  a  volume  buret.  For  convenience  and  also  in  order  to 
minimize  errors  in  the  graduations  of  the  btu-et,  the  dilute  solution  is 
made  up  so  that  i  cc.  corresponds  to  o.  i  g.  of  the  stronger  solution.  The 
plot  of  the  dilute  solution  against  voltage  is  made  on  a  scale  such  that  the 
point  of  inflection  can  be  located  to  within  0.02  to  0.04  cc.,  corresponding 
to  0.002  to  0.004  g-  of  the  more  concentrated  solution  (see  Fig.  11).  It 
is  thus  seen  that  the  end-point  error  is  reduced  to  a  minimum  by  this  pro- 
cedure, giving  the  possibility  of  a  precision  in  titrations  of  this  kind  greater 
than  that  attained  by  the  use  of  other  methods. 

TaBI«9  III. — EmCTROMBTRIC  TITRATION  OF  LaROB  AMOUNTS  OF  FERROUS  IrON. 

Metallic  Iron  (Electrolytic,  Langbein-Pfanhauser). 


Weight  0.1  N 
KtCnOr.    G. 

"Iron  value."  Pe  per 

height.   0. 

Add. 

e- 

KtCnOfi^oln.  G. 

0.5107 

Ha 

91.555     . 

0.0055780 

0.5163 

Ha 

92.560 

0.0055780 

0.4693 

Ha 

84.201 

0.005573. 

0.4479 

Ha 

80.267 

O.OO558O1 

0.3858 

H,S04 

69.165 

0.005577* 

0.5235 

HtS04 

93.875 

0.0055761 

0.5449 

H,S04 

97.750 

Av. 

0.0055744 

.  0.0055769 

The  results  given  in  Table  HI  were  obtained  by  the  second  method  de- 
scribed above.  Electrolytic  iron  (rolled  sheet  from  Langbein-Kanhauser) 
was  dissolved  in  add  in  an  atmosphere  of  carbon  dioxide  and  hydrogen 
without  any  other  special  precautions  and  the  solution  so  obtained  titrated 
directly.  The  figures  shown  in  the  table  as  "iron-value"  of  the  dichromate 
merely  indicate  the  ratio  of  dichromate  to  this  iron  for  comparative  pur- 
poses. The  maximum  error  in  this  series  is  i  part  in  800.  The  deviations 
in  this  series  could  have  been  reduced  by  first  reducing  dectrometrically, 
with  stannous  chloride  as  described  bdow,  the  small  amount  of  ferric  iron 
formed  in  the  solution,  probably  from  dissolved  oxygen  in  the  add  and 
water  used  to  effect  solution  of  the  iron.  Inasmuch  as  our  primary  in- 
terest was  the  determination  of  small  amotmts  of  iron  the 'work  on  large 
quantities  was  not  continued  ftuther.  • 

Electrometric  Titration  of  Ferric  Iron  with  Stannous  Chloride. 

The  direct  determination  of  ferric  iron  by  titration  with  stannous  chloride 
has  previously  been  carried  out  by  utilizing  the  disappearance  of  the  yel- 
low color^  or  the  action  on  methylene  blue*  as  the  end-point.  Electro- 
metrically  this  titration  may  be  carried  out  very  successfully.  Fig.  12 
shows  a  curve  relating  voltage  and  volume  of  stannous  chloride  (0.005  N) 
used  in  a  typical  titration  of  ferric  iron.    The  voltage  change  at  the  end- 

»  W.  W.  Scott,  "Standard  Methods  of  Chemical  Analysis/'  1917,  p.  221. 
^  C.  Russo,  Gazz.  chim,  Ual,,  44,  1-8  (1914). 
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point  is  from  about  +250  millivolts  to  — 100.  This  change  in  sign  neces- 
sitates a  reversing  switch  in  the  circuit  or,  more  conveniently,  the  loca- 
tion of  the  "zero"  point  on  the  potentiometer  at  some  distance  from  one 
end  as  has  been  done  in  the  instrument  described  by  Roberts. 


Fig.  12. — Electrometric  titration  of  ferric  iron  with  0.005  N  stannous  chloride 
solution. 

Determination  of  Ferric  Iron  in  Ferrous  Salts. — ^The  titration  just  de- 
scribedfenables  us  to  determine  directly  small  amoimts  of  ferric  iron  in 
the  presence  of  ferrous  iron,  and,  as  an  application  of  this  method,  deter- 
minations were  carried  out  on  ferrous  salts.  These  salts  are  frequently 
used  as  convenient  standards  in  oxidimetry  aiid  a  knowledge  of  the  ferric 
iron  content  is  necessary  if  a  correct  standardization  is  to  be  made.  Table 
rv  summarizes  a  few  results  showing  the  percentages  of  ferric  iron  in 
freshly  opened  ferrous  salts  and  also  in  bottles  which  have  stood  loosely 
stoppered  for  some  years.  The  error  introduced,  when  using  such  a  salt 
as  a  standard,  by  assuming  that  all  of  the  iron  is  ferrous,  is  indicated  in 
the  last  column  of  the  table,  in  which  the  ferric  iron  is  calculated  to  the 
percentage  of  total  iron. 

TABhH  IV. — Pbrric  Iron  in  Fbrrous  Saints  of  Rbagbnt  Quai^ity. 

%  ferric  iron 
Salt.  '^ 

Ferrous  ammoaium  sulfate. 
Ferrous  ammonium  sulfate. 
Ferrous  ammonium  sulfate. 

Ferrous  sulfate Sealed 

Ferrous  sulfate Opened 

^  Sealed  (by  maker);  Opened  (loosely  stoppered  for  at  least  2  years). 


Bottle.! 

Maker. 

I«ot  No. 

in  salt. 

of  total  iron. 

Sealed 

J.  T.  Baker 

61013 

0.028 

0.30 

Opened 

J.  T.  Baber      : 

61013 

0.047 

0.33 

Opened 

J.  T.  Baker 

6211 

0.043 

0.30 

Sealed 

Squibb 

7624 

0.08 

0.41 

Opened 

Baker  &  Adamson 

0.22 

1. 10 
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The  stannous  chloride  solution  is  conveniently  standardized  by  electro- 
metric  titration  against  dichromate  as  described  below. 

Electrometric  Titration  of  Potassium  Dichromate  with  Stannous 

Chloride. 

The  electrometric  titration  of  dichromate  with  stannous  chloride,  or 
the  reverse  titration,  may  be  readily  carried  out  with  the  same  apparatus. 
The  titration  is  made  in  add  solution  at  an  elevated  temperature  since 
the  reaction  proceeds  rather  slowly  at  room  temperature.  Inasmuch  as 
the  reaction  is  between  a  very  strong  oxidizer  and  a  powerful  reducing 
agent,  the  voltage  change  is  very  large,  namely,  from  about  +600  mv. 
to  — 100  mv.    Fig.  13  shows  a  typical  curve  for  this  titration. 

T 


Fig.  13. — ^Electrometric  titration  of  stannous  chloride  with  potassium  dichromate 

solution. 

Combination  Method  for  the  Determination  of  Total  Iron. 

The  two  reactions  just  described  may  be  readily  combined  in  one  opera- 
tion to  give  total  iron.  In  this  determination  the  iron  solution  is  com- 
pletely reduced,  as  shown  by  the  color  change  as  well  as  by  voltage,  with 
concentrated  stannous  chloride  solution  which  is  added  in  slight  excess. 
The  solution  (at  70®  or  80®)  is  now  oxidized  with  standardized  dichromate 
solution  plotting  E.  M.  F.  against  voltune  as  usual.  The  resulting  curve 
shows  two  points  of  inflection.  The  first  point  indicates  when  the  excess 
of  stannous  chloride  is  used  up  and  the  second  corresponds  to  the  complete 
oxidation  of  ferrous  iron.  The  volume  of  dichromate  between  these  two 
end-points  obviously  represents  that  required  by  the  iron. 

The  shape  of  the  curve  and  the  effect  of  varying  concentrations  of  hydro- 
chloric add  are  shown  in  Fig.  14. 

Applications  of  Method  for  Total  Iron. 

The  method  just  described  has  been  successfully  used  in  the  determina- 
tion of  iron  in  raw  materials  for  optical  glass — such  as  sand,^  sodium 
^  John  B.  Ferguson,  /.  Ind.  Eng.  Chem.,  9,  941  (191 7). 
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and  potassium  salts,  barium  carbonate,  zinc  oxide,  borax  and  boric  add, 
and  the  oxides  of  lead.  None  of  these  substances  interferes  with  the 
method,  although  when  iron  is  determined  in  a  nitrate  it  must  be  pre- 
cipitated first  as  hydroxide^  in  order  to  separate  it  from  the  interfering 
nitric  acid. 


Fig.  14. — ^Electromctric  titration  of  iron  which  has  been  reduced  with  slight  excess 
of  stannous  chloride.  The  amount  of  dichromate  solution  corresponding  to  the  iron 
is  the  volume  between  the  two  end-pdnts. 

It  is  obvious  that  such  metaUic  oxides  as  are  not  reduced  by  stannous 
chloride  need  not  interfere  with  this  method  of  determining  total  iron. 
Actual  tests  made  in  the  presence  of  manganous  manganese  and  titanium 
(as  TiOi)  show  definitely  that  these  exert  no  deleterious  effect  on  the  titra- 
tion; vanadic  oxide,  on  the  other  hand,  is  reduced  by  stannous  chloride 
and  consequently  must  be  determined  separately  and  deducted  from  the 
total  of  iron  and  vanditun. 

Application  of  Electrometric  Method  to  the  Determination  of  ^^Blanks.'' 
In  their  paper  Bartlett  and  Forbes'  show  the  magnitude  of  the  errors 
inhef'ent  in  the  use  of  an  outside  indicator  when  titrating  with  dichro- 
mate. They  were  enabled  to  do  this  by  simultaneously  studying  the  titra- 
tion dectrometrically  and  also  with  the  outside  indicator.  In  similar 
manner  much  information  may  be  gained  by  dectrometrically  studying 
such  reactions  as  permanganate  titrations.  Pig.  15  shows  curves  obtained 
when  titrating  ferrous  iron  with  permanganate  under  different  conditions 

^  A  small  amount  (i  cc)  of  saturated  alum  sc^ution  is  added  before  precipitation 
in  order  to  ensure  complete  separation  of  the  ferric  hydroxide. 
*  This  JotmNAL,  35, 1527  (1913). 
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of  acidity,  and  diflferent  concentrations  of  ferric  iron,  which  are  some- 
what representative  of  conditions  frequently  met  in  actual  practice. 
Ciurve  I ,  where  2 .  87  mg.  of  ferrous  iron  was  titrated  with  0,01  N  potassium 
permanganate  in  17%  cone,  sulfuric  add  shows  the  development  of  the 
pink  end-point  at  the  exact  point  of  inflection.  The  presence  of  28.7 
mg.  of  ferric  iron  (as  sulfate)  in  a  similar  solution  containing  8%  cone, 
sulfiuic  add  niasked  the  pink  color  of  the  end-point  to  such  an  extent 
that  the  color  change  did  not  take  place  until  after  the  point  of  inflec- 
tion was  passed  by  0.35  cc;  which,  therefore,  represents  the  "blank" 
for  these  conditions  (Curve  2).    The  titration  of  the  same  amount  of 


Fig.  15. — ^Electrometric  titrations  of  ferrous  iron  with  o.oi  N  permanganate  solu- 
tion. The  volume  of  permanganate  solution  required  to  give  a  color  end-point  after 
the  point  of  inflection  has  been  passed  represents  the  "blank"  for  those  particular 
conditions. 

ferrous  iron  in  the  presence  of  57.3  mg.  ferric  iron  in  phosphoric  add 
(2.5%  by  volume  of  the  85%  add)  was  free  from  blank  (Curve  3)  even 
though  the  amount  of  ferric  iron  was  double  that  present  in  the  previous 
titration  represented  in  Ciu-ve  2.  Adding  5%  cone,  sulfuric  add  to  the 
phosphoric  add  solution  gave  a  blank  of  0.07  cc.  potassium  permanganate 
(Curve  4)  with  other  conditions,  such  as  ferric  iron  content,  identical. 
Curve  5  represents  the  titration  of  2.87  mg.  ferrous  iron  in  the  presence 
of  250  mg.  ferric  iron,  added  as  chloride,  and  6%  of  titrating  mixtm^.^ 
The  blank  was  greatly  increased  here — amounting  to  about  0.50  cc, 
which  was  changed  but  sHghtly  by  the  addition  of  0.5%  cone,  hydro- 
chloric add.  Other  data  on  these  titrations  are  presented  in  Table  V. 
>  Bur.  Standards,  Circ.  26  (2nd  Bd.),  11  (1911). 
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TabLB  v.— ELBCtROMBTRIC  TITRATIONS  WITH  O.OI    N  PERMANGANATB. 

(Ferrous  Iron  =  2.87  Mg.)  .  ^ 

Total     Ferric  iron 
Curre  No.  volume,     added.  "Blank"  0. 1 N 

(Fig.  14.)  Cc.  Mg.  Acidity  conditions.  KMnOi.     Cc. 

1 150         0.0        17%  sulfuric  (cone),  0.0 

2 200        28.7        10%  sulfuric  (cone.)  0.35 

3 200        57.3        2.5%  phosphoric  (85%)  0.0 

4 200        57.3        2.5%  phosphoric  (85%)  and  5.0%  sul- 
furic (cone.)  0.07 

5 215        250  6%     titrating     mixture.    Ferric     iron 

added  as  chloride  0.50 

6 220        250  6%    titrating   mixture.    0.5%    hydro- 

chloric (cone).    Ferric  iron  added  as 
chloride.  0.45 

Summary. 
The  advantages  of  the  electrometric  method  for  oxidizing  and  reducing 
reactions  may  be  summarized  as  follows: 

1.  This  method  permits  the  use  of  potassium  dichromate  with  its  numer- 
ous advantages. 

2.  The  reduction  of  the  solution  with  electrometric  control  eliminates 
the  removal  of  excess  reducing  agent  which  must  be  done  with  the  usual 
methods  of  reduction. 

3.  Conditions,  such  as  acidity,  need  not  be  controlled  except  within  very 
wide  limits,  and  hydrochloric,  sulfuric  or  hydrofluoric  add,  or  mixttues 
of  these,  may  all  be  used.  In  contrast  to  these  wide  limits,  note  the  nar- 
row add  limits  (i  .5  to  2.5%  by  volimie  of  sulfuric  add)  within  which  the 
reduction  with  sulfur  dioxide  or  hydrogen  sulfide  must  be  carried  out^ 
and  the  precautions  which  must  be  taken  in  a  permanganate  titration  in 
the  presence  of  dther  chlorides  or  fluorides. 

4.  The  sensitivity  and  accuracy  of  the  method  make  possible  (a)  the 
determination  of  a  few  tenths  of  a  milligram  of  tin,  chromium,  ferrous  or 
ferric  iron,  and  probably  many  other  dements,  in  the  presence  of  large 
quantities  of  some  other  dement,  and  (6)  the  determination  of  blanks  in- 
v(3ved  in  some  of  the  ordinary  determinations  by  reducing  or  oxidizing 
agents. 

5.  The  time  within  which  a  determination  can  be  carried  out  is  greatly 
shortened.  The  content  of  ferrous  and  ferric  iron  in  a  silicate,  for 
iastance,  can  be  determined  in  from  15  to  30  minutes. 

6.  The  precision  attainable  is  comparable  to  the  best  of  the  ordinary 
volumetric  determinations. 

WAaBOfOTOM,   D.   C. 

1  W.  F.  Hillebrand,  "Analysis  of  Silicate  and  Carbonate  Rocks/'  U.  S.  Geol. 
Surr.,  BuU,  422.  See  page  107  for  reference  to  HtS;  work  of  R.  S.  McBride  on  SOt 
quoted  in  footnote  on  page  108. 
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[Contribution  from  thb  Geophysical  Laboratory  of  thb  Carnbgib  Institution 

OF  Washington.] 

ELECTRICAL  APPARATUS  FOR  USE  IN  ELECTROMETRIC 

TITRATION. 

By  Howard  S.  Roberts. 

Received  July  14.  1919. 

The  increasing  use  of  the  electrometric  method  of  locating  end-points 
in  certain  titrations  has  made  it  seem  pertinent  to  discuss  and  describe 
suitable  electrical  apparatus  for  the  purpose.  The  choice  of  apparatus 
is  rendered  very  different  from  that  of  potentiometric  apparatus  for  other 
purposes  because  of  the  following  facts:  (i)  We  are  interested  here  in 
relative  rather  than  absolute  values  of  the  electromotive  force  developed 
during  the  titration;  (2)  the  electromotive  force  frequently  changes  sign;^ 
and  (3)  the  apparatus  must  often  be  used  in  an  atmosphere  charged  with 
add  fumes. 

The  end-point  of  the  titration  is  located  at  a  point  of  inflection  of  the 
curve  obtained  by  plotting,  against  the  volume  of  titrating  solution  added, 
the  electromotive  force  developed  between  an  electrode  immersed  in  the 
solution  being  titrated,  and  another,  whose  potential  remains  constant.' 
The  latter  is  generally  a  calomel  half-cell,  connected  through  a  capillary 
to  the  solution  being  titrated. 

The  potentiometer  used  by  Hildebrand'  consisted  of  a  millivoltmeter 
shunting  a  variable  resistance.  Except  for  the  fact  that  the  electro- 
motive force  of  the  potentiometer  battery  is  uncertain  and  variable,  the 
variable  rheostat  might  well  be  calibrated  directly  in  millivolts,  and  the 
millivoltmeter  omitted.  It  will  be  ^own  later  that  the  variation  of  the 
battery  is  tmimportant  and  that  the  rheostat  may  be  calibrated  in  any 
tmit  whatever,  provided  the  indications  of  its  scale  are  practically  pro- 
portional to  the  potential  drop  across  it. 

The  change  of  voltage  at  the  end-point  is  so  great,  under  appropriate 
conditions,  that  the  potentiometer  may  merely  be  balariced  at  the  begin- 
ning of  the  titration,  and  the  end-point  located  by  the  large,  permanent 
galvanometer  deflection  that  accompanies  this  change.^  Apparatus  for 
use  with  this  method  as  appUed  to  the  determination  of  chromium,  man- 
ganese and  vanadium  has  been  designed  by  G.  L.  Kelley  and  others^ 
and  has  been  put  on  the  market.® 

For  more  precise  work,  the  end-point  of  the  titration  can  always  be 

*  When  titrating  with  SnCli,  for  example. 

2  J.  Hildebrand,  This  Journal,  35,  847-871  (191 3). 

*  Loc.  cit.»  p.  851. 

*  G.  S.  Forbes  and  E.  P.  Bartlett,  This  Journal,  35,  1527  (1913);  G.  L.  KeUey, 
J.  Ind.  Eng.  Chetn.,  9,  780  (191 7). 

*  7.  Ind:  Eng,  Chem.,  9,  780  (1917)- 

*  I>eeds  and  Northrup  Co.,  BuU,  498. 
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located  much  more  closely  by  plotting.  Moreover,  many  substances 
likely  to  be  present  in  the  solution  cause  the  change  of  the  electromotive 
force  at  the  end-point  to  be  so  slow  that  plotting  is  absolutely  essential.^ 
Thus  the  usefulness  of  the  Kelley  apparatus  would  be  greatly  extended  by 
the  presence  of  a  scale  of  equal  parts  on  the  potentiometer  proper. 

If  we  plot  electromotive  forces  as  ordinates  against  amounts  of  titrat- 
ing solution  as  abscissas  it  is  obvious  that  the  whole  curve  may  be  shifted 
up  or  down  without  changing  the  abscissa  of  the  point  of  inflection.  More- 
over, since  the  coordinates  of  the  point  of  inflection  are  independent  of 
the  scale  chosen  in  plotting  the  curve,  the  electromotive  force  may  be 
measured  in  any  tmit  whatever,  whose  actual  value  need  not  even  be 
known. 

From  these  conditions  we  see  that  our  potentiometer  may  be  provided 
with  a  scale,  of  an  arbitrarily  chosen  unit,  whose  zero  is  so  placed  that 
the  scale  readings  are  always  positive  although  the  electromotive  force 
developed  by  the  potentiometer  changes  from  negative  to  positive  as  the 


oTo        060       Y'x^ 


'H 


kz^ 


SOLN  BE'NG  TITRATED 

Fig.  I. — Photograph  and  diagram  of  simplified  potentiometer  for  use  in  electrometric 

titration. 

»  Hostetter  and  Roberts,  This  Journai.,  41,  1337  (1919)- 
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slider  is  moved  along  the  scale.  This  condition  can  be  attained  by  taking 
off  a  tap  at  a  suitable  point  along  the  potentiometer  winding,  as  at  O  in 
Fig.  I.  This  method  has  the  very  distinct  advantage  of  making  it  un- 
necessary to  use  a  reversing  switch  when  the  electromotive  force  being 
measured  changes  sign.  It  also  does  away  with  the  necessity  of  writing 
(or  forgetting)  the  minus  sign  before  some  of  the  readings. 

Experience  has  shown  that  the  electromotive  force  developed  by  the 
potentiometer  may  vary  5%  from  being  proportional  to  the  scale  reading, 
provided  the  variation  does  not  change  abruptly  by  an  amount  greater 
than  1%.  The  voltage  of  the  potentiometer  battery  may  be  permitted 
to  change  even  more  than  this  during  the  cotu-se  of  a  titration  without 
causing  trouble,  because  this  change,  being  the  result  of  polarization,  is 
gradual  and  will  therefore  have  very  little  effect  on  the  shape  of  the  curve. 
Thus  an  ordinary  dry  cell  may  be  used,  though  the  resistance  of  the 
potentiometer  should  in  this  case  be  50  ohms  or  more  in  order  that  the 
dry  cell  may  have  a  long  life.  A  single  storage  cell  gives  a  much  more 
constant  electromotive  force,  but  is  not  essential. 

The  potentiometer  shown  in  Pig.  i  was  made  by  fitting  a  boxwood 
ruler  to  a  well  known  type  of  rheostat,^  and  mounting  the  battery  switdi, 
galvanometer  switch  and  terminals  on  the  ruler.  Its  resistance  is  325 
ohms.  The  tap  at  the  point  0  is  made  with  a  fine,  stranded  wire  soldered 
to  one  turn  of  the  rheostat  winding  and  reinforced  with  a  drop  of  De 
BSiotinsky  cement  over  the  solder.  All  of  the  connections  are  on  the  under 
side  of  the  ruler  and  are  indicated  by  dotted  lines  in  the  photograph. 
This  particular  rheostat,  when  used  with  a  single  dry  cell,  will  measure 
electromotive  forces  between  about — 0.3  volt  at  a  scale  reading  of  25 
mm.  and  +1.0  volts  at  a  scale  reading  of  275  mm. 

While  several  of  these  potentiometers  have  been  in  use  for  over  two 
years  and  have  proven  entirely  satisfactory,  it  has  seemed  desirable  to 
find  an  alternative  style  of  rheostat  for  them.  This  has  been  found,  in 
the  form  of  a  "tuning  coil*'  for  amateur  wireless  work.  It  is  shown 
diagrammatically  in  Pig.  2,  and  its  connections  are  indicated.  This 
rheostat  has  two  sliders,  each  of  which  may  be  provided  with  a  scale. 
The  scale  readings  may  all  be  made  positive  by  numbering  the  two  scales 
in  opposite  directions,  and  arranging  them  so  that  when  the  two  sliders 
are  set  on  the  last  turn  of  wire  to  the  left  the  reading  on  both  the  scales 
will  be  alike.  Stops  of  some  sort  may  be  provided  to  stop  the  sliders 
at  this  turn.  One  or  the  other  slider  is  always  left  at  this  point,  and  a 
balance  obtained  by  shifting  the  second,  one  slider  being  tised  for  positive 
electromotive  forces  and  the  other  for  negative.  If  the  near  slider,  S' 
in  Pig.  2,  is  placed  at  the  extreme  left  as  shown  in  the  figure  and  the  far 
slider  S  then  moved  from  the  position  in  Pig.  2  to  the  extreme  left,  the 
1  "Jagabi,"  purchased  from  J.  O.  Biddle,  Philadelphia. 
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potential  difference  between  the  two  sliders  will  increase  irom  its  orig^af ; 
negative  value  to  zero,  while  the  scale  reading  will  increase  to  loo,  .fU9L4. 
the  readings  on  both  scales  now  will  be  loo.  If  the  far  slider  S  is  now 
left  at  loo,  and  the  near  one  S'  moved  to  the  right,  the  potential  differ- 
ence will  increase  from  zero  to  some  positive  value,  while  the  scale  readJiig 
will  increase  from  loo  to  some  higher  value.  '^"' 


Rheostat 
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Pig.  2. — Diagram  of  common  wireless  tuning  coil  use4  ^,,^  PPtentiojiDaeter  foi^ 
electrometric  titration. 

The  disadvantage  of  this  rheostat  lies  ia  the  fact  that  itis  woundwith 
copper  wire.  The  coil  not  only  corroded -feadily,  but'ihe  r^sfstknet><  ai^ 
very  few  ohms,  is  so  low  that  the  dry  cell  used  with  it  does  not  last  very 
Icmg.  However,  it  may  readily  be  f^Wound  with  resistance  wire  which 
win  correct  both  of  these  defects.  (Soine  sudi^wirer£^jcfart)]lid;jniQhroi]ie, 
etc.,  is  best  for  this  purpose  because  the  coating  of  oxiide  on  the  wire 
provides  ample  insulation  bet?«iriieti' the  turns.:  /An  Ifypfoidniateioalibra^* 
ticm  curve  can  readily  be  constructed  for  either  of  these  potentiometers, 
The  voltage  in  millivolts  of  the  battery,  divided  by  the  length  in  scale 
divisions  of  the  rheostat  win^g,  gives  the  vrfw^crf  puie  s<?aje  d,ivfeion  in 
millivolts.  The  voltage;  reprcis^aited  by-  any.  pcMUt  'on  the  ^eafe.  is  then 
the  product  of  this  value  by  the  distance  to  the  zero  point  of  the  scale, 
u  e.,  the  point  at  which  the  slider  and  tap-off,  or  the  two  sliders,  as  the 
case  may  be,  make  contact  with  the  same  ttun  of  wire. 

A  millivoltmeter  may  be  connected  to  the  slider  and  tap-off,  or  to  the 
two  sliders,  as  in  Hildebrand*s  potentiometer;  but  it  must  be  borne  in 
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mind  that  a  calibration  of  the  potentiometer  can  not  be  made  in  this  way 
because  of  the  shimting  effect  of  the  millivoltmeter. 

The  Galvanometer. 

As  the  resistance  through  the  solution  and  capillary  is  often  several 
thousand  ohms,  the  galvanometer  shoidd  have  a  rather  high  resistance — 
so  high  as  to  make  it  impracticable  to  substitute  an  ordinary  millivolt- 
meter.  It  need  not  be  very  sensitive;  i  to  2  megohms  is  sufficient.  A 
much  greater  sensitivity  than  this  is  to  be  avoided  because  of  the  tendency 
for  the  pointer  to  be  deflected  off  the  scale  and  to  follow  the  insignificant 
changes  of  electromotive  force  due  to  stirring,  etc.  It  should  have  a 
short  period  to  facilitate  rapid  work.  The  other  considerations  are 
dictated  by  resistance  to  add  fumes,  convenience,  and  cost. 

A  capillary  electrometer  may  be  used  in  place  of  the  galvanometer.  It 
is  a  cheap,  simple  instrument  to  make,  but  not  an  easy  instnmient  to 
use,  for  the  movements  of  the  mercury  meniscus  are  very  small  and  it 
is  readily  put  out  of  commission  by  a  relatively  small  electromotive  force 
applied  to  it  in  the  wrong  direction.  Where  it  is  used,  it  should  be  con- 
nected in  such  a  way  as  to  make  the  merciuy  side  of  the  electrometer 
become  more  positive  as  the  voltage  changes  during  titration.  This  will 
reduce  the  danger  of  its  becoming  deranged. 

The  inexpensive,  portable  "flip-flop"  galvanometer,^  though  sensitive 
enough,  is  not  always  easy  to  use  in  a  poorly  Ughted  hood.  A  reflecting 
galvanometer  placed  outside  the  hood  and  arranged  to  throw  a  spot  of 
light  over  the  top  of  the  operator's  head  onto  a  scale,  or  an  index  line  on 
a  white  siuiace,  behind  the  burets,  makes  an  ideal  arrangement.  The 
box-type,  lamp-and-scale  galvanometers  on  the  market*  are  also  good; 
for,  being  entirely  enclosed  in  a  wooden  box,  they  can  be  placed  in  the 
hood  behind  the  biwets  with  little  danger  that  add  fumes  will  cause  much 
damage.  • 

Cost. 

The  material  for  dther  of  the  potentiometers  of  Fig.  i  and  Fig.  2  can 
be  bought  for  about  $12.  A  portable  galvanometer  can  be  had  for  $18 
or  $20,  and  the  reflecting  type  of  galvanometer  should  not  cost  more  than 
$50. 

Washinoton,  D.  C. 

*  Such  as  the  Leeds  and  Northrup  Company's  Type  2320  or  the  Weston  Model  324. 
'  Such  as  the  Leeds  and  Northrup  Company's  Type  2420. 
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THE  VOLUMETRIC  DETERMINATION  OF  HYDROXYLAMINE. 

By  William  C.  Bray,  Miriam  E.  Simpson  and  Anna  A.  MacKbnzie. 

Received  July  17,  1919. 

In  the  present  investigation  3  volumetric  methods  of  determining 
hydroxylamine  in  aqueous  solution  have  been  studied: 

The  titanous  salt  method,^  in  which  the  hydroxylamine  is  reduced  by 
excess  titanous  salt  in  acid  solution  with  exclusion  of  air,  and  the  excess 
titrated  with  permanganate. 

2NH,0H  +  TiiCSOOs  =  (NHOsSO*  +  4TiOS04  +  H2SO4.     (i) 
The  ferric  salt  method,^  in  which  the  hydroxylamine  is  oxidized   in  an 
add  solution  by  excess  of  a  ferric  salt,  the  mixture  is  boiled  and  the  fer- 
rous salt  formed  titrated  with  permanganate. 

2NH2OH  +  2Fe,(S04)3  =  N2O  +  4FeS04  +  2H2SO4  +  HjO.  (2) 
The  iodine  method,*  in  which  the  hydroxylamine  is  oxidized  by  iodine 
in  a  neutral  solution,  e.  g,,  in  the  presence  of  disodium  phosphate. 

2NHaOH  +  21,  =  N2O  +  4HI  +  H2O  (3) 

or  2NH2OH  +  2ls-  =  N2O  +  61-  +  4H+  +  H2O. 

Our  first  experiments,  with  the  iodine  method,  yielded  irregular  restdts 
which  could  not  be  interpreted  until  the  concentration  of  the  hydroxyl- 
amine solution  was  accurately  determined.  An  examination  of  the 
literature  showed  a  rather  unsatisfactory  state  of  affairs.  The  advocates 
of  the  ferric  sulfate  method  furnish  evidence  that  it  is  perfectly  reliable, 
but  Leuba*  gives  detailed  experimental  data  to  prove  the  contrary,  and 
Adams*  states  that  he  could  not  obtain  reproducible  results  with  it.  The 
investigators  who  have  used  the  iodine  method  consider  it  to  be  fairly 
satisfactory,  but  some  of  them  state  that  it  is  not  very  accurate,  and  Rupp 
and  Maeder*  have  recently  concluded  that  correct  residts  are  obtained 
only  by  a  compensation  of  errors.  Accordingly  a  study  of  various  methods 
of  standardizing  an  hydroxylamine  salt  solution  was  imdertaken. 

*  A.  Staehler,  Ber.,  37,  4732  (1904);  42,  2695  (1909)- 

»W.  Meyeringh,  Ibid.,  10,  1942  (1877);  F.  Raschig,  Ann.,  241,  191  (1887);  Z. 
angew.  Chem.,  17,  141 1  (1904);  Ebler  and  Schott,  J.  prakt.  Chem.,  [2]  78,  320  (1908); 
Rupp  and  Maeder,  Arch.  Pharm.,  251,  297  (i 913);  Sommer  and  Templin,  Ber.,  47, 
1226  (1914)* 

»W.  Meyeringh,  Ber.,  10,  1940  (1877);  T.  Haga,  J.  Chem.  Soc.,  51,  794  (1887); 
M.  Adams,  Am.  Chem.  /.,  28,  198  (1902);  A.  W.  Stewart,  /.  Chem.  Soc.,  87,  410  (1905); 
Petrenko-Ejitschenko  and  Kantacheff,  Ber.,  39,  1453  (1906);  Acree  and  Johnson, 
Am,  Chem,  J.,  38,  316  (1907);  Barrett  and  Lapworth,  /.  Chem.  Soc,  93,  85  (1908). 

^  Leuba,  Ann.  chim.  anal,  appl.,  g,  246  (1904) 

*  Adams,  Am.  Chem.  J,,  28,  198  (1902). 

*  Rupp  and  Maeder,  Arch.  Pharm.,  251,  295  (1913). 
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The  ferric  salt  and  titanous  salt  methods  were  proved  to  be  perfectly 
concordant.^  Since  the  one  method  depends  upon  the  oxidation  of 
hydroxylamine  to  nitrous  oxide  and  the  other  upon  its  reduction  to  NH4'*' 
it  follows  that  both  methods  must  be  accurate.  The  task  of  comparison 
was  simplified  by  the  fact  that  the  results  of  both  methods  of  anal3rsis 
'were  obtained  for  the  same  solution  of  hydroxylamine  sulfate  and  were 
referred  to  the  same  permanganate  solution;  possible  errors  in  the  calibra- 
tion of  pipets  and  burets  and  in  the  standardization  of  the  reference 
solution  were  thus  eliminated. 

The  Titanous  Salt  Method. 

The  use  of  an  add  solution  of  a  titanous  salt  as  a  standard  reducing 
agent^  deserves  more  attention  than  it  appears  to  have  received.  The 
necessary  precaution  of  excluding  the  oxygen  of  the  air  from  the  stock 
solution  and  during  titrations  is  easily  taken  by  means  of  carbon  dioxide 
gas,  and  the  preparation  of  the  stock  solution  by  reducing  a  titanium  salt 
'i^blution  is  not  a  very  difficult  task. 

A  solution  of  titanium  sulfate,  approximately  o.i  molar,  and  containing 
5%  of  sulfuric  add,  was  prepared  by  dissolving  titanitmi  dioxide  in  cone, 
sulfuric  add  and  diluting  to  the  proper  volume.  This  was  reduced  by 
,^e  method  of  Van  Brunt*  in  a  20-indi  Jones  reductor  heated  dectrically 
py  a  resistance  coil  which  surrounded  the  lower  part  of  the  reductor  tube. 
,The  reductor  was  half  filled  with  amalgamated  granular  zinc  which  was 
.kept  covered  with  5%  sulfuric  add  when  not  in  use.  Reduction  was 
rapid  at  a  temperature  bdow  the  boiling  point,  and  the  ptuplish  blade 
I  color  showed  the  progess  of  the  reduction.  The  wide  upper  end  of  the 
xeductor  was  dosed  with  a  rubber  stopper  fitted  with  a  dropping  funnel 
to  hold  the  solution,  and  with  a  v€bt  which  could  be  dosed  to  force  the 
reduced  solution  into  the  container.  Through  the  latter  a  current  of 
carbon  dioxide  was  passed. 

A  75  to  100  cc.  portion  of  titanium  sulfate  solution  was  reduced  in 
each  operation.  Time  was  saved  by  warming  the  solution  before  intro- 
ducing it  into  the  reductor,  and  15  to  20  minutes  was  then  suffident  for 
each  treatment.  With  a  little  practice,  a  liter  of  solution  can  be  reduced 
in  4  hours.  One  difficulty  must  be  noted:  the  solution  should  not  be 
boiled  dther  before  or  during  reduction,  since  a  predpitate  may  then 
form.  On  this  account  no  attempt  was  made  to  completdy  reduce  the 
titanium  in  the  solution. 

The  titanous  sulfate  solution  (approximatdy  o.i   N)  was  shaken  and 

^  This  restilt  is  in  agreement  wiih  Staehler's  conclusion  from  two  analyses,  one  by 
each  method,  which  differed  by  only  0.5%;  A.  Staehler,  Ber,,  37,  4732  (1904). 

<  Treadwell-Hall,  Quant,  Anal,,  191  a,  pp.  699-701 ;  Knechtand  Hibbert,  Ber,,  369 
1549  (1903);  38,  3318  (1905). 

•  Van  Brunt,  Tms  Journal,  36, 1426  (1914). 
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allowed  to  stand  several  hours  before  being  used.  The  solution  when 
needed  was  siphoned  into  a  buret  filled  with  carbon  dioxide;  the  tip  of 
the  buret  was  inserted  through  a  rubber  stopper  into  an  Brlenmeyer 
titration  flask;  carbon  dioxide  was  pasRsed  into  the  flask  and  escaped 
through  the  hole  in  the  cork  into  which  the  buret  tip  was  inserted.  The 
container  and  the  top  of  the  buret  were  permanently  connected  with  the 
carbon  dioxide  supply. 

The  concentration  of  the  solution  was  determined,  just  before  use  with 
hydroxylamine,  by  means  of  o.i  N  potassium  permanganate  solution, 
which  had  been  standardized  against  Bureau  of  Standards  sodium  oxalate. 
In  each  titration  20  to  25  cc.  solution  was  nm  into  the  titration  flask,  the 
buret  tip  was  slipped  out  of  the  hole  in  the  rubber  stopper,  the  tip  of  the 
permanganate  buret  inserted,  and  the  potassium  permanganate  added  at 
once  to  a  faint  pink. 

The  hydroxylamine  solution  was  analyzed  as  follows:  10  cc.  approx- 
imately 0.2'Ar,  or  20  cc.  o.i  AT,  hydroxylamine  was  placed  in  the  titration 
flask;  about  twice  the  theoretical  amount  of  titanous  sulfate  was  added 
from  the^buret;  after  8  to  10  minutes  the  excess  was  titrated  with  the 
permanganate  solution. 

Two  titanous  sulfate  solutions  were  prepared.  Each  was  standardized 
on  the  day  the  corresponding  hydroxylamine  results  given  below  were 
obtained: 

First  solution,  0.09S87  N,  0.09893  N.    Average,  0.09S9  N, 
Second  solution,  0.1056  N,  0.1058  N,  0.1057  N,    Average,  0.1057  •^« 

It  follows  that  the  titanous  sulfate-permanganate  titration  is  reproducible 
to  O.I  or  0.2%. 

Four  consecutive  hydroxylamine  determinations,  made  with  the  aid  of 
the  first  titanous  sulfate  solution,  yielded  the  following  results: 

10.00  cc  of  NHsOH  solution  is  equivalent  to  18.62,  18.69,  18.69,  i^-^i  cc*  of  0.1  N 
KMn04. 

Concentration  of  NHjOH,  calculated  from  average,  0.1864  N. 
Concentration  of  NHiOH,  by  ferric  sulfate  method,  see  below,  0.1865  N. 

Another  set  of  results  with  a  different  hydroxylamine  sulfate  solution 
was  obtained  with  the  second  titanous  sulfate  solution. 

20.00  cc.  of  NHiOH  solution  is  equivalent  to  21.48,  21.62,  21.62,  21.77  cc.  of  0.1 
iVKMnO*. 

Concentration  of  NHjOH,  calculated  from  average,  0.1081  N. 

Concentration  of  NHkOH,  by  ferric  sulfate  method,  see  below,  0.1081  N, 

The  individual  determinations  of  hydroxylamine  by  the  titanium  method 
agree  within  a  few  tenths  of  per  cent.,  and  therefore,  as  will  be  seen  later, 
this  method  is  as  satisfactory  as  the  ferric  sulfate  method.  The  agree- 
ment of  the  average  values  from  the  two  methods  is  better  than  was  to 
be  expected,  and  furnishes  a  definite  proof  of  the  correctness  of  both 
methods. 
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The  Ferric  Salt  Method. 

Dilute  solutions  of  hydroxylamine  sulfate  were  analyzed  as  follows: 
10  cc.  of  approximately  0.2  N  hydroxylamine  (or  20  or  25  cc.  of  approx- 
imately o.i  N  strength)  were  pipetted  into  a  400  cc.  Erlenmeyer  flask  which 
contained  50  cc.  of  ferric  sulfate  solution  (40  g.  of  Fe2(S04)i.9HtO  per 
Uter)  and  15  cc.  of  sulfuric  add  (approximately  12  AO;  the  mixture  was 
boiled  vigorously  for  5  minutes,  cooled,  made  up  to  about  200  cc.  with 
water  and  titrated  with  o.i  iV  permanganate  solution. 

The  results  obtained  with  one  solution  follow: 

10.00  cc.  of  solution,  18.84,  18.39,  18.43,  18.61,  18.61  cc.  of  0.1  N  KMn04  (con- 
centration, from  average,  0.1860  N  NH2OH). 

After  3  weeks,  18.59,  18.69,  18.64  cc.  (average,  0.1864  JVNHjOH). 
After  6  weeks,  18.63,  18.69,  18.64  cc.  (average,  0.1865  iV  NHjOH). 

Equally  satisfactory  results  were  obtained  with  other  solutions.  It  is 
evident  that  the  results  are  reproducible  to  within  a  few  tenths  of  a 
per  cent,  and  that  the  hydroxylamine  sulfate  solution  undergoes  little, 
if  any,  change  of  concentration  over  a  considerable  period  of  time. 

In  the  above  experiments  the  hydroxylamine  solution  was  added  to 
the  ferric  sulfate-sulfiuic  add  solution  at  room  temperature,  and  a  few 
minutes  elapsed  before  the  solution  could  be  heated  to  boiling.  The  fol- 
lowing data  show  that  the  result  is  not  appreciably  altered  when  the 
hydroxylamine  is  added  to  a  boiling  solution : 

20.00  cc.  of  NHiOH  solution,  tisual  method,  21.62,  21.65,  21.62,  21.60  cc  of  0.1 
N  KMnOi  (concentration,  from  average.  0.1081  iV  NHjOH). 

20.00  cc.  of  NHsOH  solution,  added  to  a  boiling  Fe2(S04)s  solution,  21.72,  21.66  cc. 

The  time  of  vigorous  boiling  may  be  made  longer  than  5  minutes* 
One  experiment  in  which  this  time  was  20  minutes  agreed  with  the  ref- 
erence experiments  within  0.4%. 

The  already  large  excess  of  ferric  salt  (about  3-fold)  may  be  greatly 
increased.  In  one  experiment  in  which  3  times  the  usual  volume  of  ferric 
sulfate  solution  was  added  the  result  was  tmchanged. 

The  presence  of  ammonium  salts  in  large  amotmt  does  not  aflfect  the 
results,  and  the  ferric  sulfate  can  be  replaced  by  ammonium  iron  alum. 
One  of  several  series  of  results  with  10.00  cc.  of  hydroxylamine  sulfate 
solution,  40  cc.  of  a  solution  of  ammonium  iron  alum  saturated  at  room 
temperature,  and  sulfiuic  acid  is  given. 

18.67,  18.67,  18.67,  18-68  cc.  of  O.I  NKMnOi. 
The  average  of  a  series  with  ferric  sulfate  instead  of  the  iron  alum  (18.62  cc.) 
agreed  with  these  results  within  0.3%. 

The  conditions  outlined  above  for  the  analysis  are  those  originally 
recommended  by  Raschig,  viz,,  the  large  excess  of  ferric  salt,  the  boiling, 
and  the  presence  of  add.  Our  residts  thus  confirm  the  work  of  those 
who  endorsed  the  method,  and  disprove  the  criticisms  of  Adams.    Of  the 
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detailed  results  of  Leuba  only  one  was  obtained  under  the  conditions 
recommended,  and  this  discordant  result  must  be  rejected. 

That  errors  will  result  when  the  analysis  is  made  under  other  conditions 
was  pointed  out  by  Raschig..  He  emphasized  especially  the  large  error 
that  will  be  made  if  the  permanganate  is  added  before  the  reaction 
(Equation  2)  is  completed:  too  much  potassium  permanganate  is  then 
used,  and  nitrogen  is  oxidized  beyond  the  nitrous  oxide  stage.  Leuba's 
results  (except  the  one  referred  to  in  the  preceding  paragraph)  illustrate 
the  magnitude  of  this  error,  e,  g.,  55%  and  30%  excess  permanganate  was 
required  after  the  hydroxylamine,  excess  ferric  alum,  and  sulfiuic  acid 
had  been  digested  for  V*  hoxu*  at  26**  and  82®,  respectively. 

If  the  permanganate  is  added  while  hydroxylamine  is  still  present  an 
error  of  this  kind  will  result.  Raschig^  investigated  this  reaction  in  the 
presence  of  sulfuric  acid  (and  absence  of  ferric  sulfate);  the  amount  of 
permanganate  varied  from  about  2  to  1.5  times  that  necessary  to  form 
nitrous  oxide,  while  the  temperature  of  the  hydroxylamine  solution  was 
varied  between  room  temperature  and  100^.  Raschig  accordingly  rejected 
the  permanganate  method  of  analysis.* 

With  regard  to  the  reaction  between  hydroxylamine  and  excess  ferric 
sulfate  Raschig^  concluded  that  the  hydroxylamine  was  rapidly  used  up, 
and  that  the  positive  error  was  due  mainly  to  the  presence  of  an  inter- 
mediate substance,  nitroxyl,  NOH, — which  was  completely  transformed 
into  nitrous  oxide  by  the  5-minute  boiling.  The  recent  work  of  Angeli* 
furnishes  additional  evidence  in  favor  of  nitroxyl  as  a  possible  intermediate 
:step;  but  the  existing  evidence  is  scarcely  sufficient  to  enable  us  to  deter- 
mine just  when  the  positive  error  is  due  to  reaction  of  potassium  per- 
manganate ydth  hydroxylamine  and  when  due  to  nitroxyl.  That  it  is  not 
due  to  a  reaction  between  potassium  permanganate  and  nitrous  oxide  we 
foimd  by  a  direct  experiment. 

While  the  necessity  of  boiling  the  solution  had  thus  been  demonstrated, 
we  did  not  find  quantitative  data  with  regard  to  the  errors  that  might 
result  from  a  variation  of  the  concentrations  of  acid  and  ferric  sulfate. 
To  obtain  this  information  the  following  experiments  were  performed  in 
this  laboratory  by  Dr.  H.  E.  Miller. 

Effect  of  Varjring  Concentration  of  Acid. — The  experiments  listed  below 
followed  the  standard  precediu-e:  the  volume  noted  in  the  fifth 
volumn  is  the  volume  of  solution  boiled  for  5  minutes.  Dilution  to  200 
cc.  after  coohng  was  found  to  have  no  effect  on  the  amount  of  perman- 
ganate used  in  the  titration. 

1  Raschig,  Ann,,  241,  188  (1887). 

'  In  spite  of  this  warning  the  method  has  been  used.    Cf .  Patten  and  McCaughey, 
Trans,  Am.  EJictrochem,  Soc,  15,  544  (iQos^). 
•  Raschig,  Z,  angew,  Chem.,  17,  1411  (1904). 
^  Angeli,  Ahrens^  SamnUung,  13,  i  (1908). 
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Cc  ferric  Ce.  12  N     Volume.             Cc  KMnOi.          Titration  result. 
No.  sulfate.      HaSOc  Cc.        . ^ .  %  theoretical. 


Using  25  CC.  of  Hydroz^amine  Solution. 

1 50        15  90        23.0,     23.05,  23 

2 50        15  loi        23.0,     22.95,     . 

3 50  7.5  86        22.95»  23.0      22 

4 25  4  loi         22.90,     ... 

5 50  2  75        22.74 

6 25  I  75        22.60,  22.65 

7 50  o  100        22.23 

8 50        NaAc      100        22 .20 

Using  10  cc.  of  Hydrozylamine  Solution. 

9 25  o  75  8.85       ... 

10 25        NaAc        75  8.85,     8.92 


o      100% 
100% 

90  99.8% 
99.6% 
98.9% 
98.4% 
96.6% 

96.5% 

96.2% 
96.6% 


These  results  show  that  a  lowering  of  the  concentration  of  the  sulfuric 
acid  produces  a  negative  error.  The  error  is  negligible  when  the  amount 
of  acid  used  is  half  that  recommended  in  the  standard  procedure,  but 
may  be  as  large  as  3  or  4%  when  no  acid  is  used.  Bzpts.  8  and  10 
were  duplicates  of  7  and  9,  respectively,  except  that  sodium  acetate  was 
added  initially  to  the  ferric  sulfate  solution  in  order  to  keep  the  hydrogen 
ion  concentration  low  during  the  reaction.  However,  although  the  add 
formed  in  the  reaction  made  the  hydrogen  ion  concentration  higher  in 
Expts.  7  and  9,  the  results  were  practically  the  same  as  in  Expts.  8  and  10. 

After  some  experimentation  tiiis  negative  error  was  fotmd  to  be  due  to 
the  oxidation  of  ferrous  salt  by  oxygen  of  the  air.  This  reaction  occurs 
mainly  during  the  first  stage  of  the  operation  while  the  solution  is  being 
heated  from  room  temperature  to  the  boiling  point.  In  an  add  solution 
at  room  temperature  in  i  hour  there  is  no  appredable  oxidation  of  ferrous 
sulfate  solution  in  contact  with  air. 

Some  of  the  above  experiments  w^e  repeated  in  an  atmosphere  of  car- 
bon dioxide  (which  contained  only  about  0.1%  oxygen);  the  ferric  sulfate 
solution  was  boiled  to  expd  the  air  and  cooled  tmder  carbon  dioxide,  the 
hydroxylamine  was  added,  the  mixture  was  boiled  for  5  minutes,  some 
sulfuric  add  was  added,  the  mixture  was  again  boiled,  and  cooled  imder 
carbon  dioxide.    The  apparatus  consisted  of  an  Erlenmeyer  flask  dosed 
with  a  3-hole  rubber  stopper,  fitted  with  an  inlet  and  outlet  for  carbon 
dioxide  and  a  separating  funnd   (with  stopcock)  for  introducing  the 
hydroxylamine.    The  experiments  are  ntunbered  to  show  the  rdation  to 
the  corresponding  experiments  in  the  first  table. 
Experiments  in  an  atmosphere  of  carbon  dioxide. 
3(6),  Vol.  »  100  cc:  23.02,  23.0,  22.95  cc*  KMnOi  (100%  instead  of  99.8%). 
5(b).  Vol.  =  100  cc.:  22.92  (99.7%  instead  of  99.6%). 
7(6),  Vol.   =  100  cc.:  22.65,  32.64.  22.68,  22.82  (98.6-99.2%  instead  of  96.6%). 

In  these  experiments  the  error  was. greatly  reduced;  and,  since  the  elim- 
ination of  air  could  scarcdy  have  been  complete,  it  seemed  probable  that 
the  negative  error  was  due  soldy  to  the  oxygen  in  the  air. 
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Finally  we  tried  the  elimination  of  this  error  by  the  simple  method 
of  boiling  the  ferrous  sulfate  solution  to  expel  the  air,  and  introducing 
the  hydroxylamine  into  the  boiling  solution  from  a  pipet.     Otherwise  the 
experimental  conditions  were  the  same  as  in  Bxpt.  7. 
No.  7(c),  Vol.  =  75  cc.:  23.0,  23.0  cc.  KMn04,  100%. 

There  are  therefore  two  satisfactory  methods  of  preventing  an  error 
due  to  the  oxidation  of  the  ferrous  salt  by  oxygen  of  the  air: 

(i)  by  the  use  of  the  regular  procedure;  the  hydroxylamine  is  added 
at  room  temperature  to  excess  ferric  sulfate  in  a  solution  which  is  2  to  3 
normal  with  respect  to  sulfuric  add ; 

(2)  by  adding  the  hydroxylamine  slowly  to  a  boiling  ferric  sulfate 
solution. 

Effect  of  Varying  Ferric  Sulfate  Excess. — The  experiments  listed  below 
were  performed  by  the  regular  procedure.  The  ferric  sulfate  was  much 
less  than  the  usual  amotmt,  except  in  Expts.  11,12  and  13.  The  amount  is 
shown  in  the  third  column  as  number  of  equivalents  in  terms  of  the 
hydroxylamine  used.  Thus  1.40  means  that  the  amoimt  of  ferric  sulfate 
was  40%  greater  than  the  theoretical  amoimt  necessary  to  oxidize 
hydroxylamine  to  nitrous  oxide;  25  cc.  of  ferric  sulfate  was  in  theory  suf- 
ficient to  oxidize  38.4  cc.  hydroxylamine  solution.  It  is  to  be  noted  that 
in  Expts.  21-25  the  amotmt  of  acid  was  much  less  than  usual. 

Ferric  «ul-       Cc. 

fate  referred    12  N      Volame.              Cc.  KMn04.  Titration  result, 

No.  toNH«OH.   H1SO4.         Cc.         . ' .      %  theoretical. 

Using  25  CC.  of  Hydroxylamine  Solution. 

II 2.95        15            90        23.0,23.05,23.0  100% 

Using  10  cc.  of  Hydroxylamine  Solution. 

12 3.84          7.5        65               9.2.     9-2  100% 

13 2.92         15            65                9-2,     9.1  100% 

14 2.33         15            65                9-2  100% 

15 1-75         15             65                9.25,  9.25  100.5% 

16 1.53           7.5       .65                9.4  101% 

17 1.45         15            65                9.45»  9.30  loitoi03% 

18 1.40          8.5        50              II. 3+  123+% 

I9> 1.40          8.5        50                9.6  104.4% 

Using  25  cc.  of  Hydroxylamine  Solution. 

20 1.08          7.5        91              24.2,     24.8  105-108% 

Using  10  cc.  of  Hydroxylamine  Sc^ution. 

21... 1.75  I  65  9.15,  9.15.  9.15    99.5% 

22 1.75          I            65                9.1  99% 

23 1.40          I            50               9.1,     9.05  98.8% 

24* I  40           I             50                9.1  99% 

Using  25  cc.  of  Hydroxylamine  Solution. 

25 1.08          2            80             23.6  102% 

*  In  £xpts.  19  and  24  the  time  of  boiling  was  30  minutes  instead  of  5  minutes. 

Expts.  15  to  20  fmnish  clear  evidence  of  a  positive  error  when  only  a 
small  excess  of  ferric  sulfate  is  used.    The  results  are  irregular  when  only 
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40%  or  less  excess  ferric  salt  is  used,  and  in  one  experiment  (i8)  the  per- 
manganate end-point  was  not  definite;  in  this  case  the  titration  was  dis- 
continued before  a  permanent  color  was  obtained.  In  the  companion 
experiment  (19)  with  30  minutes*  boiling  instead  of  5  minutes  the  end- 
point  was  permanent.  It  was  foimd  by  experiment  that  fleeting  end- 
points  (and  high  positive  errors)  were  characteristic  for  experiments  in 
which  the  reaction  mixture  was  not  heated,  or  was  heated  only  to  boiling. 
The  error  due  to  the  small  excess  of  ferric  salt,  therefore,  is  similar  in 
character  to  that  due  to  insufficient  boiling  in  the  standard  procedure, 
and  is  doubtless  due  to  the  presence  of  hydroxylamine  or  nitroxyl  when 
the  permanganate  is  added.     (See  discussion  earlier  in  paper.) 

The  results  in  Expts.  21  to  25,  where  the  concentration  of  acid  also  is 
low,  are  more  nearly  correct;  but  this  may  be  due  to  a  compensation  of 
the  positive  error  resulting  from  incompleteness  of  the  reaction  and  the 
negative  error  due  to  oxygen  (which  is  favored  by  a  low  concentration  of 
acid).  To  obtain  further  evidence  the  following  experiments  were  per- 
formed in  which  the  oxygen  error  was  eliminated  by  adding  25  cc.  of 
hydroxylamine  solution  from  a  pipet  to  the  boiling  ferric  sulfate  solution, 
as  in  Expt.  7(c).  In  Expts.  27  and  28,  while  no  add  was  added  initially, 
in  order  that  the  permanganate  titration  might  be  made  satisfactorily, 
6  cc.  of  6  iV  sulfuric  acid  was  added  to  the  hot  solution  after  5  minutes* 
boiling  and  just  before  the  rapid  cooling. 


No. 

Ferric  sul- 
fate referred        Cc.  12iyr         Volume.             KMnOi. 
toNHiOH.          HsSOi.               Cc.                      Cc. 

Titration  result, 
%  theoretical. 

Using  25  cc  of  Hydroxylamine  Solution. 

26 

1.45                15               80               27.1 

"7% 

27 

1.45                 0               75               22.95 

99.8% 

28 

I. 16                 0               75                22.9 

99.6% 

The  slight  negative  error  in  Expts.  27  and  28  indicates  that  the  oxygen 
error  was  not  quite  completely  eliminated,  but  they  serve  to  show  that 
the  positive  error  is  negUgible  when  the  ferric  sulfate  excess  is  small  pro- 
vided that  the  sulfuric  acid  concentration  also  is  small.  In  other  words, 
a  high  concentration  of  sulfuric  add  retards  the  reaction,  and  the  reaction 
can  be  completed  in  5  minutes'  boiling  only  when  a  very  large  excess  of 
ferric  sulfate  is  used.    This  conclusion  is  confirmed  by  the  result  of  Expt.  26. 

With  regard  to  the  relative  merits  of  the  two  methods  of  making  the 
ferric  sulfate  analysis,  listed  at  the  end  of  the  preceding  section,  we  are 
inclined  to  favor  the  first  one,  the  regular  procedure,  since  it  has  been 
more  thoroughly  tested.  Also  as  noted  in  the  preceding  paragraph  there 
seems  to  be  a  slight  tendency  towards  a  negative  error  in  the  second 
method. 

Effect  of  the  Presence  of  Chloride  Ion. — ^While  hydroxylamine  sulfate 
was  used  throughout  our  experiments,  it  is  certain  that  the  ferric  sulfate 
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method  is  equally  applicable  to  the  analysis  of  hydroxylamine  hydro- 
chlcmde.  Permanganate  is  not  added  until  the  final  solution  has  been 
cooled  and  diluted,  and  the  concentration  of  chloride  ion  will  then  be  so 
small  that  there  can  be  no  appreciable  reaction  to  form  chlorine.  Ras- 
diig's  original  experiments  to  test  the  method  of  anal3rsis  were  made  with 
hydroxylamine  hydrochloride,  and  we  also  found  that  the  addition  of  an 
amount  of  hydrochloric  add  approximately  equivalent  to  the  hydroxyl- 
amine made  no  appreciable  difference  in  the  result.  ^ 

Analysis  of  flie  Gas  Formed  in  Reaction  2. — ^At  an  early  stage  in  this 
investigation,  while  we  were  still  uncertain  that  hydroxylamine  was 
quantitatively  oxidized  by  the  ferric  ion  to  nitrous  oxide,  Mr.  G.  S.  Parks 
undertook  the  analysis  of  the  gas  involved.  He  constructed  an  apparatus 
which  enabled  the  hydroxylamine  solution  and  the  ferric  sulfate-sulfuric 
add  solution  to  be  mixed  after  the  apparatus  had  been  evacuated.  Gas 
was  evolved  only  very  slowly  at  room  temperature,  but  rapidly  when  the 
sdution  was  heated  to  boiling.  The  gas  was  analyzed  by  adding  excess 
hydrogen,  burning  and  measuring  the  contraction;  then  adding  excess 
oxygen,  burning  and  measuring  the  contraction;  absorbing  the  oxygen 
and  measuring  the  residual  nitrogen.  The  gas  was  found  to  be  ptu^ 
nitrous  oxide  within  the  experimental  error.  Three  complete  analyses 
gave  98.1,  99.9  and  100.0%  nitrous  oxide;  a  fourth  analysis,  based  solely 
on  the  contraction  with  hydrogen,  gave  101%  nitrous  oxide. 

The  Iodine  Method. 
The  reaction  between  iodine  and  hydroxylamine  in  aqueous  solution, 
as  earlier  investigations  have  shown,  is  rapid  at  low  hydrogen  ion  con- 
centration, e,  g.,  ia  the  presence  of  sodium  hydrogen  carbonate  or 
disodium  phosphate.  The  rate  is  extremdy  slow  in  the  presence  of  add. 
Thus  when  o.i  N  iodine  solution  (in  potassium  iodide)  was  added  drop 
by  drop  to  10  cc.  of  o.  i  iV^  hydroxylamine  sulfate  solution,  three  drops  (o.  10 
cc.)  gave  a  color  which  persisted  for  several  minutes;  the  minute  amount 
of  add  formed  in  the  reaction  with  this  amount  of  iodine  gave  a  suflS- 
dent  concentration  of  hydrogen  ion  practically  to  stop  the  reaction.  In 
another  experiment  in  72  cc.  of  solution  containing  disodium  phosphate  and 
phosphoric  add  in  the  proportion  of  2:1,  0.06  cc.  of  iodine  solution  gave  a 
distinct  color.  When  in  each  of  these  experiments  excess  disodium  phos- 
phate solution  was  added,  iodine  was  rapidly  used  up.  Even  in  the 
phosphate  solution,  however,  the  reaction  was  not  instantaneous  near  the 
end-point.  On  this  account,  after  the  prdiminary  experiments,  the  end- 
point  was  usually  obtained  by  adding  iodine  solution  in  excess,  usually 

'  Cf.  the  recent  experiments  on  the  effect  of  the  presence  of  chloride  in  the  de- 
termination of  nitrite  by  permanganate;  Laird  and  Simpson,  This  Journal,  41,  530 

(1919). 
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about  5  cc.  and  after  3  to  5  minutes  completing  the  titration  with  thio- 
sulfate  solution. 

To  remove  the  hydrogen  ion  formed  in  the  reaction  a  phosphate  solu- 
tion was  used  which  contained  in  one  liter  o.i  mol  of  disodium  phosphate 
and  enough  phosphoric  add  to  make  the  solution  colorless  when  tested 
with  phenolphthalein;  the  ratio  of  disodium  phosphate  to  sodium  dihy- 
drogen  phosphate  in  the  solution  was  about  10  to  i.  By  using  200  cc  of 
this  solution  with  20  to  25  cc.  of  o.i  N  hydroxylamine  sulfate  the  ratio  of 
the  monohydrogen  and  (Hhydrogen  phosphates  in  the  final  solution  was 
made  about  2:  i.  Under  these  conditions  there  is  no  danger  either  of 
iodate  formation,  or  of  incomplete  oxidation  of  hydroxylamine. 

In  our  first  experiments,  even  after  elimination  of  the  low  results  due 
to  incomplete  reaction  (in  the  presence  of  too  much  add),  the  results 
were  extremely  variable,  the  extremes  differing  by  over  15%  As  reported 
by  other  investigators,  many  factors  were  found  to  influence  the  results. 
When  the  total  volume  of  the  solution  was  large  the  results  were  rdatively 
high,  as  Haga  has  pointed  out.  Increase  of  the  concentration  of  iodide 
ion  by  the  addition  of  potassium  iodide  tended  to  lower  the  results,  although 
Haga  had  f otmd  that  the  presence  of  neutral  salts,  as  sodium  sulfate,  caused 
high  results.  Increase  of  temperature,  in  the  case  of  incomplete  reaction, 
caused  the  reaction  to  proceed  towards  completion  and  thus  raised  the 
result;  in  other  cases,  however,  low  temperature  seemed  to  favor  high 
results.  A  very  important  factor  was  the  method  of  adding  the  phos- 
phate and  iodine  solutions, — ^induding  the  order  of  mixing,  and  the  time 
allowed.  The  results  were  very  high  when  the  phosphate  and  hydroxyl- 
amine solutions  were  mixed  and  the  titration  made  by  adding  iodine  to 
the  mixture.  Much  lower  results  were  obtained  when  the  end-point 
was  approached  from  the  add  side,  e.  g.,  by  mixing  iodine  and  hydroxyl- 
amine and  gradually  adding  the  phosphate  solution,  or  by  adding  the 
iodine  and  phosphate  solutions  altematdy. 

When  the  hydroxylamine  solution  was  accuratdy  standardized  by  the 
two  methods  already  described  in  this  paper,  and  the  theoretical  results 
for  the  iodine  titration  compared  with  the  actual  data,  it  was  found  that 
the  results  described  in  the  preceding  paragraph  as  rdativdy  high  were 
definitdy  in  error.  For  example,  when  200  cc.  of  phosphate  solution  and 
10  cc.  of  hydroxylamine  solution  were  mixed  at  room  temperature  before 
any  iodine  was  added,  two  determinations  gave  21.33  and  21.22  cc.  of 
O.I  iV^  iodine  solution,  while  the  theoretical  result  was  18.64  cc.  Positive 
errors  were  the  rule  rather  than  the  exception,  at  least  when  precautions 
were  taken  to  ensure  completeness  of  reaction. 

The  only,  definite  source  of  error  already  known  is  nitrite  formation, 
demonstrated  by  Haga.  Since  this  involves  oxidation  of  the  nitrogen 
beyond  the  nitrous  oxide  stage,  too  much  iodine  must  be  used,  and  a 
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positive  error  results.  The  conditions  described  above  as  favoring  high 
results  thus  presumably  favor  nitrite  formation. 

We  next  developed  an  empirical  method  which  gave  theoretical  results. 
To  the  hydroxylamine  solution  in  an  Brlenmeyer  flask  was  added  an 
excess  of  o.i  N  iodine  solution  from  a  pipet  or  buret;  40  cc.  of  phosphate 
solution  was  added  from  a  buret  in  5  cc.  portions  at  2-minute  intervals 
and  then  the  remaining  160  cc.  of  phosphate  solution  was  added;  after 
5  minutes  the  excess  iodine  was  titrated  with  o.i  iV^  thiosulfate  solution. 
It  was  observed  that  the  reaction  between  hydroxylamine  and  iodine  was 
nearly  completed  by  the  time  the  40  cc.  of  phosphate  solution  had  been 
added.  In  one  set  of  experiments  with  10  cc.  of  0.1864  N  hydroxylamine 
solution,  while  the  theoretical  result  was  18.64  cc-  of  o.i  N  iodine  solution, 
the  following  results  were  obtained:  18.78,  18.56,  18.58,  18.71,  18.66, 
18.60  and  18.46  cc.  of  o.i  N  iodine  solution.  Thus  the  results  are  repro- 
ducible, but  only  when  the  prescribed  conditions  are  maintained. 

The  question  arose  as  to  whether  this  method  gave  correct  results  only 
because  there  was  a  compensation  of  errors.  Direct  evidence  was  finally 
obtained  by  determining  accurately  the  amount  of  nitrite  in  the  final 
solution.  Nitrite  was  always  found;  and  since  this  implies  a  positive 
error  there  must  have  been  an  as  yet  undiscovered  compensating  negative 
error. 

The  method  used  in  the  determination  of  nitrite  in  the  presence  of  phos- 
phate and  iodide  was  that  developed  independently  by  Chabrier^  and  by 
Raschig'  which  has  recently  been  tested  by  Davisson.'  It  depends  upon 
the  fact  that  nitrite  does  not  react  with  iodide  in  neutral  solution,  but 
is  quantitatively  reduced  to  nitric  oxide  in  the  presence  of  add;  the  lib- 
erated iodine  is  titrated  with  thiosulfate  solution  after  2  minutes.  Air 
is  excluded  by  means  of  carbon  dioxide,  since  otherwise  nitric  oxide  would 
react  with  oxygen,  the  product  would  be  reduced  by  iodide,  and  the  forma- 
tion of  iodine  would  continue  due  to  continued  repetition  of  this  cycle. 
The  presence  of  nitrous  oxide  has  no  effect  since  nitrous  oxide  does  not 
oxidize  iodide  ion  in  acid  solution. 

In  analyses  made  by  the  empirical  method  with  25  cc.  of  hydroxyl- 
amine sulfate  solution,  the  theoretical  value  is  25.16  cc.  of  0.1  N  iodine 
solution,  but  the  final  solution  was  found  to  contain  enough  nitrite  to 
liberate  0.60  to  0.70  cc.  of  iodine  when  the  nitrite  was  reduced  to  nitrous 
oxide.  This  would  correspond  to  a  positive  error  in  the  iodine  titration' 
of  1.2  to  1.4  cc.  of  O.I  N  iodine  solution  (the  amount  being  doubled  since 

*  Chabrier,  EncydopSdie  chimique,  4,  262  (i888);  see  Wiley,  Princ,  and  Pract,  of 
Agric,  Anal.,  snd  Ed.,  II,  474  (1908). 

*  Raschig,  Bet.,  38,  3911  (1905). 

»  Dav4ssoii,  Tras  Journai,,  38,  1683  (1916). 
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the  theoretical  result  is  based  on  the  quantitative  formation  of  nitrous 
oxide),  which  is  an  error  of  about  5%. 

The  final  solution  after  the  iodine  titration  might  also  contain  nitroxyl, 
and  it  was  therefore  necessary  to  devise  a  method  of  eliminating  this 
substance.  From  Raschig's  work  and  our  own  experiments  with  the  ferric 
sulfate  method  it  seemed  certain  that  this  could  be  done  by  boiling  the 
final  solution.  The  effect  of  boiling  on  the  nitrite  method  was  accord- 
ingly determined.  It  was  found  that  a  mixture  of  nitrite,  iodide,  and 
200  cc.  phosphate  solution  could  be  boiled  for  5  minutes  without  appre- 
ciable loss  of  nitrite.  However,  when  a  solution  containing  tetrathionate, 
iodide,  and  phosphate  was  boiled  an  appreciable  amount  of  a  reducing 
agent  was  formed,  and  the  quantity  continued  to  increase  with  continued 
boiling.  The  reducing  agent  was  determined  by  titration  with  iodine; 
after  several  hours*  boiling  the  formation  of  reducing  agent  was  still  con- 
tinuing, although  the  amount  of  iodine  that  had  been  used  was  over 
twice  that  necessary  to  form  the  original  amount  of  tetrathionate  from 
thiosulfate;  no  sulfur  was  precipitated. 

Since  it  was  evidently  impossible  to  boil  any  final  solution  (after  the 
iodine  titration  of  hydroxylamine)  which  contained  tetrathionate,  some 
experiments  were  performed  in  which  sulfurous  acid  was  used  instead  of 
thiosulfate.  The  sulfurous  add  titration  was  the  basis  of  the  original 
Bimsen  method  of  determining  iodine,  and  is  reUable  provided  the  sul- 
furous acid  solution  is  standardized  each  day  before  use.  However,  the 
titration  was  foimd  to  be  unreliable  in  the  presence  of  our  phosphate 
solution;  too  much  sulfurous  acid  was  used,  and  errors  of  more  than  10% 
were  observed.  When  the  phosphate  solution,  after  this  titration,  was 
boiled  for  5  minutes  no  reducing  agent  was  formed.  Accordingly  sulfurous 
acid  was  used  simply  to  remove  the  excess  of  iodine  in  the  hydroxylamine 
determination;  analyses  were  made  by  the  empirical  method,  with  25 
cc.  of  hydroxylamine  solution  as  in  the  experiments  described  in  the 
preceding  paragraph;  the  final  solution  was  boiled  for  5  minutes,  and 
cooled  under  carbon  dioxide;  the  amotmt  of  nitrite  was  fotmd  to  be  prac- 
tically the  same  as  before.  It  follows  that,  in  the  empirical  iodine  method 
for  determining  hydroxylamine,  nitrite  is  formed  corresponding  to  a  pos- 
itive error  of  about  5%,  and  that  there  must  be  a  compensating  negative 
error. 

Before  describing  oiu:  final  experiments  the  results  of  a  ntunber  of 
experiments  will  be  described  in  which  the  final  solution  after  the  iodine 
titration  was  acidified  with  sulfuric  acid  in  the  presence  of  air.  The  same 
behavior  was  observed  as  in  blank  experiments  with  nitrite  in  the  presence 
of  the  phosphate  solution;  the  formation  of  iodine  was  rapid  at  first  and 
was  continuing  only  very  slowly  after  24  hours.  In  the  experiments  by 
the  empirical  method,  similar  to  those  in  which  nitrite  was  determined, 
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after  24  hours  the  amount  ot  iodine  liberated  in  the  acidified  solution  was 
equal  to  10  to  16  cc.  of  o.i  N  iodine.  This  was  not  greater  than  was  to  be 
expected  for  the  amount  of  nitrite  known  to  be  present.  Also  when  the 
solution  was  again  made  approximately  neutral  by  the  addition  of  a  large 
amount  of  solid  disodium  phosphate,  hydroxylamine  was  found  to  be 
absent.  There  is  therefore  no  evidence  that  the  formation  of  nitroxyl 
from  hydroxylamine  by  means  of  iodine  is  a  reversible  reaction.  Before 
the  nitrite  experiments  were  performed  we  had  thought  that  the  large 
amount  of  iodine  formed  on  the  addition  of  add  was  due,  in  part  at  least, 
to  a  reaction  between  nitrox}d,  iodide  ion  and  hydrogen  ion. 

The  negative  error  referred  to  in  the  paragraphs  just  before  the  pre- 
ceding one  was  proved  to  be  due  to  the  presence  of  oxygen  of  the  air. 
This  error  appears  to  be  absent  when  the  hydrogen  ion  concentration  is 
very  low  throughout  the  reaction  between  hydroxylamine  and  iodine, 
e,  g.j  when  the  phosphate  solution  is  added  before  the  iodine.  Any  nitrite 
formed  remains  in  the  solution  tmchanged,  since  it  cannot  react  with 
iodide  ion  tmder  these  conditions.  On  the  other  hand,  this  error  is  en- 
countered when  the  phosphate  solution  is  added  slowly  to  the  hydroxyl- 
amine-iodine  solution,  as  in  the  empirical  method.  It  seems  probable 
that  the  hydrogen  ion  concentration  is  then  large  enough  to  permit  of 
some  reaction  between  the  nitrite  and  iodide;  the  nitric  oxide  formed  is 
oxidized  by  oxygen  and  the  product  is  reduced,  with  the  result  that  some 
iodine  is  liberated  due  to  the  presence  of  oxygen.  According  to  this  theory 
the  correctness  of  the  empirical  method  depends  upon  the  time  allotted 
for  the  addition  of  the  phosphate  solution,  and  it  is  to  be  predicted  that 
low  results  will  result  if  this  time  is  increased.  The  following  experiments 
were  performed  by  the  empirical  method  of  analysis,  except  that  in  the 
second  and  third  experiments,  after  30  cc.  of  phosphate  solution  had  been 
added,  the  mixture  was  allowed  to  stand  in  contact  with  air  for  i  and  12 
hours,  respectively. 

25  CO.  of  Hydroxylamine  Solution  »  23.16  cc.  of  o.i  N  Iodine  Solution. 

Time  of  interruption  Result  of  Nitrite  deter- 

after  addition  of  titration.    Cc.  of  mination.     Cc  of 

30  cc.  phoaphate.  0.1  ^T  iodine  solution.    0.1  ^T  iodine  solution. 

2  min 33.3  0.7 

X  l^our 33.1  0.6 

13  hours 31. o  0.35 

The  results,  in  the  second  column,  are  distinctly  low  in  the  second  and 
third  experiment,  as  was  expected.  It  is  interesting  to  note  that  the 
nitrite  also  decreased  with  time,  which  also  favors  the  theory  outlined 
above.  Two  additional  experiments  were  performed  by  the  empirical 
method  but  in  the  presence  of  carbon  dioxide.  In  the  first  experiment, 
in  which  the  air  was  only  partially  eliminated,  the  final  result  was  23.3 
cc.  of  O.I  AT  iodine  solution,  and  the  nitrite  determination  0.6  cc.  of  iodine 
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solution.  In  the  second  expaiment,  where  the  exclusion  of  air  was  more 
satisfactory,  the  final  result  was  23.5  cc.  of  iodine  solution,  and  nitrite 
0.55  cc.  of  iodine  solution.  Thus  when  the  amount  of  air  is  decreased 
the  titration  results  are  somewhat  higher. 

The  iodine  method  therefwe  seems  to  be  of  littie  value.  The  empuical 
method  gives  correct  results  only  on  account  of  a  compensation  of  the 
positive  error  due  to  nitrite  by  the  negative  error  due  to  oxygen.  Nitrite 
is  formed  under  widely  diflferent  conditicms,  and  it  seems  scarcely  worth 
while  to  continue  the  search  for  conditions  in  which  the  oxidation  to 
nitrous  oxide  will  be  quantitative. 
Reaction  of  Iodine  and  Thiosulfate  hi  Disodium  Phosphate  Solution. 
As  a  result  of  the  observation  of  the  instability  of  tetrathionate  in  the 
hot  phosphate  solution,  referred  to  above,  some  experiments  were  per- 
formed on  the  reaction  between  iodine  and  thiosulfate  in  the  presence  of 
phosphate.  It  is  recalled  that  our  disodium  phosphate  solution  contained 
a  small  proportion  of  sodium  dihydrogen  phosphate. 

When  the  iodine-thiosulfate  titration  was  made  in  this  solution  at  room 
temperature  an  error  of  about  1%  was  observed,  in  the  direction  that  too 
much  iodine  was  used.^  This  error  was  eliminated  if  enough  add  was 
first  added  to  the  phosphate  solution  to  convert  the  disodium  phosphate 
into  a  mixture  of  soditun  dihydrogen  phosphate  and  phosphoric  add.  It 
is  to  be  noted  that  in  the  hydroxylamine  determination,  since  thiosulfate 
was  used  to  determine  the  small  excess  of  iodine  added,  a  slight  positive 
error  was  thereby  introduced.  It  was  negUgible,  however  in  comparison 
with  the  large  positive  error  due  to  nitrite. 

Three  experiments  on  the  reaction  between  iodine  and  thiosulfate  in 
disodium  phosphate  solution  at  a  higher  temperature  were  made  for  us 
by  Miss  Jennie  Clauson  in  this  laboratory.  8.8  cc.  oi  0.1  N  thiosulfate 
solution,  somewhat  more  than  an  dghtfold  amount  of  iodine  in  potassium 
iodide  solution,  water,  and  18  g.  of  NaiHP04.i2H20  were  placed  in  100 
cc.  Pyrex  glass  tubes,  the  tubes  were  sealed  and  heated  at  70  to  90®  in  a 
water-bath  for  about  one  hour.  The  excess  iodine  was  determined  at 
room  temperature  by  titration  with  thiosulfate. 

Bzpt.No.  1.  2.  3. 

Temperature  (approx.) 70**  70**  90** 

Cc  Thiosulfate  Solution  Equivalent. 

Iodine  solution 79.6  79.6  79.6 

Iodine  excess 10.5  10.55  8-6 

Iodine  used 69.1  69.05  71.0 

Vt  iodine  used 8.64  8.63  8.87 

Thiosulfate  solution  used 8.8  8.8  8.8 

^  That  iodate  was  not  formed  was  proved  by  actdifying  the  final  solution  with 
HtSOi;  there  was  no  liberation  of  iodine  at  once. 
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Within  the  limits  of  the  experimental  error  the  amoimt  of  iodine  used 
is  8  times  that  required  to  oxidize  the  thiosulfate  to  tetrathionate.  It  is 
obvious  that  there  is  quantitative  oxidation  to  sulfate. 

SiO,--  +  4lt  +  5H1O  =  2S04~  +  81-  +  10H+ 

White  the  correspcmding  reactions  with  excess  bromine  and  chlorine  are 

well  known,  we  have  as  yet  found  no  reference  to  this  reaction  for  iodine. 

Quantitatnra  Oxidation  of  Hydrozylamine  to  Nitrate. 

The  work  of  Knorre  and  Amdt^  shows  the  scarcity  of  quantitative  re- 
actions when  hydroxylamine  is  treated  with  oxidizing  agents.  On  this 
account  it  is  interesting  to  note  that  Rupp  and  Maeder'  have  recently 
demonstrated  the  quantitative  oxidation  of  hydroxylamine  to  nitrate  in 
add  solution  by  excess  of  a  bromate-bromide  mixture  or  of  a  hypo- 
bromite-bromide  mixture.  Since  bromine  can  be  formed  in  both  cases 
it  seems  certain  that  bromine  will  have  the  same  effect. 

Early  in  the  present  investigation  we  made  a  few  experiments  on  the 
reactioa  between  hydroxykuxune  and  hjrpodilorous  add,  the  latter  in 
small  excess  over  that  necessary  for  oxidation  to  nitrate  assuming  reduc- 
tion of  hypochlorous  add  to  chlorine.  Precautions  were  taken  to  prevent 
kss  of  chlorine,  and  the  total  amount  of  oxidizing  agent  that  remained 
after  a  few  minutes  was  determined  by  adding  potassium  iodide  and 
titrating  the  iodine  formed  with  thiosulfate.  The  amount  of  h3rpochlorous 
add  us^  in  this  reaction  was  found  to  vary  between  90  and  97%  of  that 
calculated  for  oxidation  of  hydroxylamine  to  nitrate.  It  seems  not  im- 
probable that  conditions  could  be  found  in  which  this  reaction  would  be 
quantitative,  but  we  have  not  had  an  opportunity  to  continue  these 
experiments. 

Summary. 

Three  methods  for  the  determinatioa  of  hydroxylamine  have  been 
investigated:  (i)  the  reduction  of  hydroxylamine  to  ammonium  salt  by 
excess  titanous  salt  in  add  soluticm,  (2)  the  oxidation  to  nitrous  oxide  by 
excess  ferric  sulfate  in  sulfuric  add  solution,  with  titration  of  the  ferrous 
salt  by  permanganate  solution,  and  (3)  the  oxidation  to  nitrous  oxide  by 
iodine  in  a  solution  kept  neutral  by  means  of  sodium  monohydrogen 
phosphate. 

The  titanous  salt  and  ferric  salt  methods  were  found  to  be  accurate,  but 
the  iodine  method  was  unsatisfactory. 

In  addition  to  the  known  positive  error  in  the  ferric  salt  method,  which 
is  due  to  the  addition  of  permanganate  white  some  hydroxylamine  or  an 
intermediate  product,  nitroxyl,  is  still  present,  a  negative  error  due  to 
oxygen  of  the  air  was  found  under  certain  conditions.  Both  errors  are 
easUy  avoided. 

'  Knorre  and  Amdt,  Ber,,  33,  30  (1900). 

*  Rupp  and  M  aeder,  Arck.  Pharm.,  351,  298  (1913). 
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In  the  iodine  method  three  errors  were  encountered:  (i)  that  due  to 
incomplete  reaction,  which  is  avoided  by  the  addition  of  disodium  phos- 
phate»  (2)  nitrite  formation  which  occurs  under  all  the  conditions  inves- 
tigated and  corresponds  to  a  positive  error,  and  (3)  absorption  of  oxygen 
of  air,  which  corresponds  to  a  negative  error.  An  empirical  method  was 
developed  for  obtaining  theoretical  results,  but  it  was  shown  to  be  correct 
only  on  account  of  compensation  of  errors  (2)  and  (3). 

Hydroxylamine  is  oxidized  mainly  to  nitrate  by  hypochlorous  add  solu- 
tion in  excess. 

In  a  disodium  monohydrogen  phosphate  solution  thiosulfate  can  be 
oxidized  quantitatively  to  sulfate  by  iodine.    The  reaction  is  rapid  at  70^. 


NOTES. 

Coirectiont.— "il  New  Theory  RelaUng  CansUhOian  to  Taste:*  The 
following  corrections  should  be  made  in  the  article  which  appeared  under 
this  title  in  the  June  issue:^ 

P.  859,  first  formula  on  third  line,  COtH.CHNHCHi-(H),  and  first 
formula  on  5th  line,  CH|OH.CHt.CHOH-(H).  The  (H)  should  be  omitted 
in  both  cases. 

P.  859,  in  line  7,  formula  CHONO-(H)  should  read  CHiONO-. 

P.  860,  classification  of  auxoglucs.  Formula  given  under  (3),  CJtiin  + 10 
should  read  Cnliin-^iO,  and  formula  under  (4),  CffH2M+iOfi  should 
readC„H2«  +  iO„. 

P.  861,  formula  of  serine,  CHiOHiCHNH2COtH,  should  read  CHtOH.- 
CHNH,.COtH. 

P.  663  and  664.  In  Tables  I,  II  and  III,  last  line,  the  formula  of  the 
auxogluc  should  read  in  each  case  Cn'Rm-^  lOn- 

P.  867,  under  (2)  the  fifth  formula,  C^^— ,  should  read  Ch[7— . 

P-  867,  (3),  the  first  formula  under  (6),  C„H2„  +  iO,  should  read 
C„H2„+i,  and  the  first  formula  tmder  (d),  CmH2m-.iO„,  should  be 
CwH2w+iO„. 

Ernbst  Obrixy, 
Roi^LiN  G.  Mybrs. 


Correction. — ^The  omission  of  certain  lines  from  Table  III  of  my.  paper, 
in  the  July  Journai*,*  on  "The  Activities  of  the  Ions  of  Strong  Electro- 
lytes" makes  the  material  there  presented  difficult  for  a  reader  to  interpret. 
The  activity  ratios  (Cols.  9  and  10)  refer  to  the  pairs  of  concentrations 
of  hydrochloric  add  and  potassium  chloride  given  in  Cols.  4  and  5. 
A  correct  version  of  the  table  appears  below. 

>  Tms  JouBNAi*,  41, 855  (1919)* 
« Ibid.,  41, 1089  (1919). 
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Sub- 
stance. 


Type 
of 
celt 


Conceit  tnitidiu. 


Tabi,«  III. 


E.  M.  F. 
of  ceU. 


TVans. 
No.  of 
cation. 


Activity  ratios 
ai/«t  lor 


Ha 

KCl 

B 
B 

18*"  0.006686 
0.006700 

0.001665 

0.001670 

--0.Q5614 
—0.03330 

0.833 
0.495 

3.82 

3.84 

HCl 
KCl 

B 
B 

18**  0.008315 
0.008329 

0.001665 
0.001670 

— 0.06487 
— 0.03844 

0.833 
0.495 

4  70 

4-74 

HCl 
KCl 

B 
B 

iS''  0.0166s 
0.D1670 

0.001665 
0.001674 

—0.09235 
—0.05434 

0.833 
0.496 

8.86 

9.38 

HCl 
KCl 

B 
B 

18**  0.03330 
0.03347 

0 .003329 
0.003347 

— 0.09162 
—0.05403 

0.833 
0.496 

8.76 

9.14 

HCl 
KCl 

A 
A 

25**  0.05 
0.05 

0.005 
0.005 

— 0.1 1234 
— 0.1 1085 

864 

9.16 

N.  and   E- 
M.  and  P. 

HCl 

A 

25**  0.1 

0.01 

HCl 

A 

0.1 

O.OI 

KCl 

A 

25**  0.1 

O.OI 

KCl 

B 

0.1 

O.OI 

>.iii6 
).iii7 
».io«9 

>.654a 


o  495 


8.33     9.23 


N.  and  E. 


L.  B.  S. 
M.  and  P. 
.       .  M.  and  P. 

D*  A.  JV^cIi^NBS, 


ICONTRIBimON  FROM  THB  ChBMICAL  IaBORATORY  OF  ltAkVAlt&  UiWVKIWITY.] 

STUDIES  IN  THB  CYCLOPROPANE  SERiES.  . 
Vn.  NITROCyCLOPROPANES. 

By  E.  p.  Kohi^br  and  H.  F.  Engbi<brbcht. 

Received  May  31,  1919. 

Esters  of  cyclopropane  acids  that  have  either  two  carlioxyl  groups  or 
a  carboxyl  an^  a  ketonic  group  in  combination  with  one  of  the  ring  carbon 
atoms  are  almost  invariably  transformed  into  open  chained  compounds 
by  alcoholates,  and  not  infrequently  the  same  change  is  brought  about 
by  concentrated  alkalies.^  Esters  of  other  cyclopropane  acids  rarely 
undergo  this  reaction,  the  one  case  known  being  that  reported  by  Buchner 
and  Miller.* 


CH,CO,CHCH CHCOiCHs 

COjCH,       CHCCCH, 


HOaCCH2C(CO,H)CH(CO.H)CH, 


^CO 


In  connection  with  an  investigation  of  the  mechanism  of  this  reaction 
it  became  desn-able  to  examine  the  behavior  of  a  cyclopropane  derivative 
which  is  so  constituted  that  it  can  form  a  metalKc  derivative  withotit 
opening  the  ring.  The  substance  selected  for  the  purpose  is  heazayl- 
phen3d-nitrocyclopropane. 

CeHiCH  —  CHCOCiH,. 

\/ 
CHNQt 

>  Bff.,  36,  3776  (190.^);  This  Journal,  Z9t  1406,  1700,  2404  <i9i7). 
«««r.,  ir^ftyi  (18^). 
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Cyclopropane  derivatives  in  which  one  of  the  ring  carbon  atoms  holds 
a  nitro  group  are  unknown,  but  a  feasible  plan  for  preparing  such  sub- 
stances was  outlined  in  an  earlier  paper.  This  was  adopted  in  the  present 
work,  with  excellent  results^  It  involves  3  reactions  whicfa  are  represented 
by  the  equations 

CeHfiCH  :  CHCOCsH^  -f  CH3NO,  =  CeHfiCHCHsCOCeHj 

I 
CHjNOt 

C«H»CHCH,C0C«H5  -  CHsCHCHBrCOCH.  +  HBr 

I  .        +Br.  I 

CH,NOi  CH,NOa 

C«H*CHCHBrCOCeH»  -  C«H»CH  --  CHCOCH, 

I  -HBr  \/ 

CHjNO,  CHNO2 

That  the  resulting  nitro  compound  is  a  cyclopropane  derivative  and 
not  an  isomeric  ethylenic  ketone  is  shown  not  only  by  its  indifference  to 
permanganate  but  also  by  its  behavior  towards  hydrogen  bromide.  In 
glacial  acetic  acid  the  substance  combines  with  hydrogen  bromide  as 
readily  a$  the  mo^t  active  o;,0-unsaturated  ketone,  but  the  resulting  com- 
pound is  far  more  stable  on  heating  than  any  saturated  bromine  com- 
pound which  has  bromine  jS  to  a  carbonyl  group.  By  eliminating  both 
hydrobromic  acid  and  nitrous  acid  it  is  possible  to  transform  the  addition 
product  quantitively  into  1,4-diphenyl  furane.  A  compound  having 
two  phenyl  groups  in  the  1,4-positions  can  be  formed  from  one  having 
them  in  the  1,3-positions  only  by  closing  a  cyclopropane  ring  and  open- 
ing it  again,  at  a  different  point.  The  reactions  involved  are  therefore 
represented  by  the  following  equations: 

CeHftCH  —  CHCOCtHi  =  CeHiCHBrCHNOaCHiCOCH*. 


.X 

-hHBr 

CHNO, 

CH  -  C  —  C«H. 

1   > 

C.H»CHBrCHNO,CH,COC«H»  =-  CH  =  C  —  C«H»  +  HBr  +  HNO, 

The  cyclopropane  derivative  is  exceedingly  sensitive  to  all  alkaline 
reagents,  the  ring  being  opened  even  more  easily  thap  that  of  cyclopro- 
pane derivatives  which  have  two  carbonyl  groups  it^  combination  with 
one  of  the  ring  carbon  atoms.  The  process  is  accompanied  by  replace- 
ment of  the  nitro  group  and  the  final  product  is  a  /3-diketone  formed  in 
accordance  with  the  equation 

CeHftCH  —  CHCOCH*  =  C^H&CHaCOCHjCOCeH*  4-  NaNOi. 

\  /  -h  NaOH 

CHNO, 

The  reaction  takes  place  in  steps,  but  no  intermediate  products  could  be 
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isolated.    The  discussion  of  the  mechanism  will  therefore  be  deferred 
until  the  reaction  has  been  studied  with  more  favorable  material. 

Experimental  Part. 

The  addition  of  nitro  methane  to  benzal-acetophenone  and  the  brom- 
ioation  of  the  product  were  carried  out  as  described  in  an  earlier  paper.^ 
The  melting  points  of  the  isomeric  a-bromo  compounds  are  100 **  and  106^ 
instead  of  100®  and  86**  as  there  given.  The  compound  melting  at  Ioo^ 
the  principal  products  can  easily  be  transformed  into  the  higher  melting 
isomer  by  dissolving  it  in  alcohol  and  saturating  the  solution  with  h3rdrogen 
bromide.  The  isomer  separates  slowly  in  almost  quantitative  yields. 
The  transformation  can  also  be  effected  by  adding  a  small  quantity  of 
either  toluidine  or  diethyl  aniline  to  a  methyl  alcoholic  solution  of  the 
lower  melting  isomer  but  the  yield  is  much  less  and  the  product  is  con- 
taminated with  uncrystallizable  red  oils. 

z-Benzoyl-a-iihenyl-a-nitro  Cyclopropane,  CeHg— CH— CHCOC«Hi.— 

CHNOt 
The  cyck^ropane  ring  can  be  closed  by  eliminating  hydrogen  bromide,^m 
the  bromine  compound  with  a  number  of  alkaline  reagents,  but  the  yields  acq 
unsatisfactory  with  all  of  them.  The  best  results  were  obtained  with  potast 
slum  acetate,  and  the  higher  melting  bromine  compound  gives  a  better  yield 
than  its  isomer.  When  concentrated  solutions  of  the  low  melting  bromine 
compound  are  used,  the  higher  melting  isomer  frequently  oystallizes  from 
the  solution  and  then  disappears  again  during  the  course  of  the  reaction. 
Most  of  the  material  used  in  the  investigation  was  made  by  starting  with 
a  thoroughly  washed  and  dried  mixture  of  the  bromine  compounds.  The 
procedure  was  as  follows: 

A  concentrated  solution  of  15  g.  of  fused  potassium  acetate  in  alcohol 
was  added  to  a  suspension  of  15  g.  of  the  mixed  bromine  compounds  in 
100  cc.  of  the  same  solvent.  The  mixture  was  allowed  to  remain  at  the 
ordinary  temperature  for  an  hour  during  which  the  bromine  compounds 
dissolved  and  considerable  quantities  of  potassitmi  bromide  and  soUd 
cyclopropane  derivative  separated.  It  was  then  heated  on  a  steam  bath 
for  another  hour  to  complete  the  reaction.  The  resulting  solution,  which 
was  pale  yellow  when  pure  bromine  compounds  were  used  and  brown  if 
the  materials  were  impure,  was  cooled  in  a  freezing  mixture  and  gradually 
diluted  with  water  while  being  shaken  vigorously.  The  cyclopropane 
derivative  was  precipitated  as  a  crystalline,  yellow  soUd  which  after  one 
recrystallization  from  alcohol  became  colorless  and  melted  at  98**.  The 
yield  varied  from  55  to  75% — ^the  average  of  a  number  of  preparations 
being  61%.  The  filtrates  contained  yellow  or  brown  unaystallizable 
oils. 

1  Tms  JouRNAi*,  38,  889  (1916). 
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The  cyclopropane  derivative  crystallizes  in  dusters  of  stout  prisms. 
It  is  moderately  soluble  in  alcohol  and  ether,  readily  in  boiling  alcohol, 
acetone  and  chloroform.  When  exposed  to  sunlight  it  gradually  becomes 
tinged  with  pink. 

Calc.  for  CuHiiOtN:  C,  71.9;  H,  4.9.    Found:  C,  71.6;  H,  4.9. 

Addition  of  Hydrogen  Bromide. — ^Thirty  g.  of  finely  powdered  cyclo- 
propane derivative  was  added  in  small  portions  to  100  cc.  of  glacial  acetit 
add  which  had  been  saturated  with  hydrogen  bromide.  The  substance 
dissolved  rapidly  on  shaking,  the  solution  became  warm,  and  the  produce 
began  to  separate  in  crystalline  form  as  soon  as  the  solution  started  to 
cool.  The  mixture  was  allowed  to  stand  for  an  hour  during  which  most 
of  the  product  separated,  then  poured  into  cracked  ice.  The  colorless, 
pasty  predpitate  completdy  solidified  when  stirred.  The  solid  was 
thoroughly  washed  with  water,  dried  in  the  air  and  recrystallized  from  a 
mixture  of  acetone  and  ether. 

Calc.  for  CifHuOiNBr:  C,  552;  H,  4.0.    Found:  C,  SS-SI  H,  4.3. 

/3-Nitro-7,7-bromo-idienyl  Butyrophenone,  CeHgCHBrCHNOiCHjCO- 
Cffl^fOttystsMzes  in  colorless  plates  which  mdt  at  11 5-1 16**  and  decom- 
pose at  120^.  It  is  an  exceedingly  sensitive  substance.  Unless  perfectly 
pure  it  decomposes  spcmtaneously  at  the  ordinary  temperature  and  in 
the  dark.  When  the  carefully  ptuified  c(»npound  is  kept  near  the  melt- 
ing point  for  a  short  time  or  exposed  to  direct  sunlight  it  turns  ydlow,  and 
the  color  persists  on  recrystallization  but  the  mdting  point  remains  con- 
stant at  115-116^  and  the  composition  remains  the  same. 

Calc.  for  CieHi40tNBr:  C,  5S.2;  H,  4.0.    Found:  C,  55-3;  H,  4.3. 

When  alcoholic  solutions  of  the  bromine  compound  are  boiled  they 
become  add.  QuaUtative  experiments  showed  that  the  substance  loses 
both  hydrobromic  and  nitrous  adds.  The  process  is  very  slow  but  is 
greatly  accelerated  by  addition  of  a  small  quantity  of  ammonium  bromide. 
Thus  2  g.  of  ammonium  bromide  was  added  to  a  solution  of  5  g.  of  the 
bromine  compound  in  40  cc.  of  methyl  alcohol  and  the  mixture  boiled. 
In  less  than  an  hour  all  the  substance  had  dissolved.  The  yellow  solution, 
on  cooling,  deposited  the  product  in  pale  yellow  fiakes,  which  after  wash- 
ing and  recrystallization  from  alcohol  mdted  at  90^. 

Calc.  for  CwHuO:  C,  87.3;  H,  5.5.    Found:  C,  87.1;  H,  51. 

The  substance  has  the  composition  of  a  diphenyl  furane,  and  it  was 
identified  as  2,5-diphenyl  furane  by  comparison  with  a  specimen  prepared 
according  to  Perkin.^ 

HC  =  C  —  CeHe 

ii5-Dq»henyl-3-bromo  Furane^  yO         . — When  the  hydro- 

BrC  =  C  —  CeH* 

*  /.  Lond.  Chem.  Soc,  57,  954  (1890). 
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tvomic  add  addition  product  was  heated  above  the  melting  point  it  lost 
oxides  of  nitrogen  and  water  but  no  bromine  or  hydrobromic  add.  The 
resulting  greenish  yeUow  melt  was  recrystallized  from  methyl  alcohol. 
It  consisted  almost  entirdy  of  a  pale  yeUow  substance  which  crystallized 
in  thin  plates,  resembling  diphenyl  furane,  and  mdted  at  77^.  These 
were  contaminated  with  a  small  quantity  of  a  much  yellower  product 
^diich  it  was  impossible  to  remove  by  recrystallization  but  which  was 
finally  got  rid  of  by  distillation  under  diminished  pressure. 

Calc.  for  CieHuOBr:  C,  64.2;  H»  3.7.    Pound:  C,  64.6;  H,  3.9. 

The  composition  indicated  loss  of  water  and  nitric  oxide  from  the 
addition  product.  The  substance  is  indifferent  to  permanganate  but  com- 
bines with  two  atoms  of  bromine  when  exposed  to  the  action  of  bromine 
vapor.  The  bromine  is  completdy  unreactive — sodium  methylate  neither 
replaces  it  nor  eliminates  hydrogen  bromide.  The  only  open  diained 
formula  consistent  with  these  properties  is  that  of  an  allenic  ketone. 

C«H»CHBrCHNOiCH2COC«H6  = 

CeHeCBr  =  C  =  CHCOC«H$ 

+  H,0  +  NO. 

We  could  not,  however,  secure  any  evidence  of  the  presence  of  a  car- 
bonyl  group,  as  it  was  impossible  to  make  dther  a  hydrazone  of  an  oxime. 
In  view  of  its  great  stability  it  seems  more  probable,  therefore,  that  it  is 
a  furane  derivative  as  written.  The  formation  of  a  furane  derivative 
involves  a  shifting  of  the  bromine  atom,  but  similar  shifts  have  been 
observed  before  in  high  temperature  reactions  involving  ring  formation. 

Action  of  Bases  on  flie  Cyclopropane  Derivative.— The  cydopropane 
derivative  is  readily  attacked  by  all  bases  but  it  is  difficult  to  g^t  definite 
products  from  the  resulting  brown  or  red  oils.  The  following  procedure, 
however,  proved  fairly  satisfactory:  An  excess  of  concentrated  sodium 
methylate  was  added  gradually  to  a  well  cooled  solution  of  10  g.  of  cydo- 
I>ropane  derivative  in  the  minimum  quantity  of  methyl  alcohol.  The 
mixture  was  left  at  the  ordinary  temperature  for  8  hours,  then  addified 
with  hydrochloric  add,  and  allowed  to  evaporate  in  the  air.  The  resulting 
yeUow  oil  was  dissolved  in  ether  and  this  solution  shaken  with  a  saturated 
aqueous  solution  of  copper  acetate.  This  gave  7  g.  of  a  pale  copper  de- 
rivative. The  copper  derivative,  after  decomposition  with  sulfuric  acid 
in  the  usual  way,  yielded  a  colorless  solid  which  crystallized  in  plates  and 
mdted  at  54**. 

Calc.  for  CisHmOi;  C,  80.7;  H,  5.9.    Found:  C,  80.6;  H,  6.1. 

The  composition  and  mdting  point  of  the  substance  as  well  as  the  mdting 

point  of   its   copper  derivative   indicated   phenyl-acetyl-acetophenone. 

This  diketone  was  therefore  made  by  condensing  ethyl  phenylacetate 
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with  acetophenone.    A  mixed  melting  potnt  showed  that  the  two  products 
are  identical. 

The  diketone  is  not  the  primary  product  of  the  reaction  between  bases 
and  the  cyclopropane  derivative.  If  the  alcoholic  solution-  containing 
the  product  of  the  reaction  with  sodium  methylate  is  acidified  with  acetic 
instead  of  hydrochloric  add,  and  then  allowed  to  evaporate  it  leaves  an 
oil  that  contains  no  nitrogen  but  gives  only  a  trace  of  copper  derivative. 
When  this  oil  is  digested  for  a  short  time  with  a  dilute  solution  of  hydro- 
chloric add  in  methyl  alcohol,  and  then  shaken  with  copper  acetate  it 
gives  the  usual  amount  of  copper  derivative,  showing  that  the  oil  contains 
an  intermediate  product  which  is  ttuned  into  diketone  by  the  action  of 
mineral  adds.  All  efforts  dther  to  isolate  this  product  or  to  acquire 
more  information  about  it  were  unsuccessful. 

CAMBsiDas*  Mass. 


(Contribution  prom  ths  Dspartmsnt  op  Chemistry,  Kentucky  Agricultural 

BxPSRiMBNT  Station.] 

THE  COMPOSITION  OF  THE  ASH  OF  CRAB  GRASS  (DIGITARIA 

SANGUINALIS)  AS  AFFECTED  BT  THE  SOIL  IN 

WHICH  IT  IS  GROWN. 

By  G.  Davis  Bucknbr. 

Recdved  Just  4,  1919. 

Plant  nutrition  teaches  that  the  chemical  composition  of  the  ash  of  the 
same  species  of  plant  varies  within  wide  limits  when  grown  in  different 
localities  and  under  different  conditions.  Plants  flourish  when  grown  in 
soils  of  widely  varying  composition  and  seem  to  require  no  definite  medium 
from  which  to  secure  the  nourishment  necessary  for  normal  growth, 
provided  it  does  not  fall  below  a  certain  quantitative  and  qualitative 
level.  The  ash  of  plants  grown  in  different  soils  will  likewise  have  a  vari- 
able composition. 

In  the  prosecution  of  certain  experiments  in  this  laboratory  it  was  found 
desirable  to  obtain  a  green  plant  which  contained  a  large  percentage  of 
ash,  the  composition  of  which  would  satisfy  given  conditions.  In  the 
search  for  such  a  plant  it  was  noticed  that  crab  grass  {Digitaria  sanguin- 
alis)  grew  and  flourished  in  the  middle  of  a  limestone  roadway.  From 
other  experiments  it  was  reasoned  that  here  at  least  would  be  conditions 
most  favorable  for  the  largest  intake  of  calcium.  The  comparative 
analysis  of  a  plant  grown  under  such  conditions  and  that  of  a  sample  of 
the  same  species  grown  under  normal  condition  of  garden  soil  would  have 
an  added  interest.  For  these  reasons  plants  were  carefully  selected  with 
regard  to  form  and  size,  and  cut  one  inch  above  the  ground,  and  from  all 
external  appearances  they  were  similar.  Both  samples  were  immediately 
washed  witii  distilled  water  to  free  them  from  extraneous  material  and 


Digitized  by 


GooQle 


OXIDATION  OI^  ORGANIC  COMPOUNDS  WItH  PERMANGANATE*       I385 

were  analyzed  for  calcium,  magnesium,  phosphorus,  siHcon  and  potas- 
sium.   The  Insults  are  shown  in  the  following  table: 

Tabi^  I. — Anai«Y888  of  Crab  Grass  Ash. 

Grown  in  garden     Grown  in  time-        Percentage 
■oil.     G.      stone  roadway.    G.       difference. 

Wt.  of  air-dried  sample 7 .  9833  7 .  8307 

Wt.  of  ash  of  air-dried  sample 1.6640  1-3695 

%.  %. 

Ash  in  the  air-dried  sample 20.84  17 -49  — 16.  i 

PsO»  in  the  ash 4.01  4.92  +22.7 

SiOi 14.60  14-50 

CaO 3.75  5.40  +440 

MgO 2.68  3.42  +27.6 

KtO 39.86  32.38  —18.8 

It  will  be  seen  from  these  figures  that  the  intake  of  inorganic  material 
was  not  the  same  in  the  two  specimens.  It  is  interesting  to  note  that  the 
sample  of  grass  grown  in  the  middle  of  a  comparatively  new  limestone 
roadbed  which  was  from  4  to  5  inches  in  thickness  contained  approximately 
16%  less  ash  than  did  a  similar  sample  grown  in  garden  soil  and  that  the 
quantity  of  KtO  was  18.8%  less  in  the  first  mentioned.  In  opposition  to 
this  it  is  seen  that  the  ash  of  the  sample  grown  in  the  limestone  contained 
22.7%  more  iPaOs,  44.0%  more  CaO  and  27.6%  more  MgO.  That  the 
percentage  of  siUca  is  approximately  the  same  in  these  two  samples  is 
likewise  worthy  of  note. 

The  outstanding  feature  in  connection  with  the  growth  of  these  two 
samples  of  crab  grass  is  that  the  absorption  and  retention  of  these  different 
amounts  of  calcium,  magnesium,  phosphorus  and  potassium  cause  no 
observable  difference  in  their  external  appearance. 


[CONTSJBtmON  FROM  THS  ChBMICAL  LABORATORY  OF  THE  OhIO  STATS  UmvSRSlTY.  ] 

THE  OXIDATION  OF  ORGANIC  COMPOUNDS  WITH  ALKA- 
LINE POTASSIUM  PERMANGANATE. 
Part  I.— The  Oxidation  of  Acetaldehyde.    Part  H.— The  Oxidation  of 
Glycoli  GlycoUic  Aldehyde,  Glyoxal,  Glycollic  Acid  and  Glyoxalic  Acid. 
By  WnxiAM  l4«OYD  Evans  and  Homqr  Adkins. 

Received  June  20,  1919. 

The  problem  of  the  alkaline  oxidation  with  potassium  permanganate 
of  some  of  the  simple  alcohols,  aldehydes,  ethers,  ketones  and  acids  has 
been  quantitatively  studied  by  a  number  of  investigators.^  In  much  of 
the  work  which  has  been  done  on  the  alkaline  oxidation  of  organic  com- 
*  Ncf,  Ann.,  335,  269  (1904);  Denis,  Am,  Chem,  /.,  38,  561  (1907);  Evans  and 
Witzemann,  Tms  Journai«,  34,  1086  (1912);  Witzemann,  Ibid,,  38,  150  (1916);  39> 
2657  (1917);  Evans  and  Day,  Ibid.,  38,  375  (1916);  Evans  and  Day,  Ibid,,  41,  1267 
(1919). 
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pounds  no  systematic  study  has  been  made  of  the  effect  of  the  added 
alkali  on  the  nature  of  the  reaction  products.  The  work  reported  in  this 
paper  is  a  continuation  of  the  experiments  begun  by  Day  and  one  of  us 
on  the  oxidation  of  ethyl  alcohol.  This  paper  deals  with  the  following 
phases  of  the  problem: 

Part  I. — ^The  oxidation  of  acetaldehyde  with  potassium  permanganate 
in  neutral  solutions  and  in  those  containing  from  200  to  400  g.  of  potassium 
hydroxide  per  liter  has  been  carried  out  at  temperatures  of  25,  50  and  75®. 
The  products  of  oxidation  have  been  determined  quantitatively. 

Part  II. — ^The  oxidation  of  glycol,  glycollic  aldehyde,  glyoxal,  gly- 
collic  add  and  glyoxalic  acid  at  a  temperattu'e  of  50^  and  at  various  con- 
centrations of  potassium  hydroxide  has  been  made,  and  the  amotmts  of 
oxalic  add  and  carbon  dioxide  produced  determined. 

The  data  obtained  is  discussed  from  three  standpoints: 

1.  The  relationship  of  potassitun  hydroxide  concentration  to  the  prod- 
ucts of  oxidation. 

2.  The  relationship  of  temperattu'e  to  the  products  of  oxidation. 

3.  Deductions  as  to  the  relationship  of  the  compounds  during  alkaline 
oxidation. 

PART  I.— TBE  OXIDATION  OF  ACETALDEHYDE. 
Historical  Discussion. 

A  search  of  the  literature  revealed  the  fact  that  very  little  work  has 
been  done  in  stud3ring  tHe  oxidation  of  this  compound.  The  three  more 
important  reports  are  as  follows: 

Heimrod  and  Levene^  oxidized  acetaldehyde  in  an  alkaline  solution  with 
hydrogen  peroxide.  They^  studied  the  possible  intermediate  oxidation 
products:  glycollaldehyde;  glyoxal;  glycollic  and  glyoxylic  add;  estimat- 
ing in  each  case  the  amotmts  of  carbon  dioxide  and  formic  add  formed. 
They  give  equations  showing  the  various  possible  cotu'ses  of  the  oxidation. 
They  condude  that  acetaldehyde  oxidizes  through  the  following  stages: 
acetaldehyde  — ►  (vinyl  alcohol)  — ►  glycol  aldehyde  — >  glyoxal  — ► 
formic  add  — >  carbon  dioxide.  They  claim  that  there  is  no  evidence 
of  the  formation  of  formaldehyde  as  an  intermediate  product. 

In  view  of  the  fact  that  acetaldehyde  is  a  good  depolarizer,  Law*  oxid- 
ized it  dectrolytically  and  obtained  carbon  monoxide  and  dioxide  as  well 
as  acetic  add.  Formic  add  was  formed  in  small  amotmts.  In  0.85  N 
sulftuic  add  acetaldehyde  was  oxidized  almost  quantitativdy  to  acetic 
add. 

Denis*  conducted  two  experiments,  one  in  an  8.5  molar  alkaline  solu- 
tion, and  one  in  a  neutral  solution.    In  the  alkaline  solution  a  75%  yidd 

*  Biochem.  Z,,  39,  31-59  (1910). 

•  Trans.  Chem,  Soc„  87,  198  (1905). 
«  Am,  Chem.  J.,  38,  569  (1907). 
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of  acetic  add  was  obtained  together  with  oxalic  add  and  carbon  dioxide. 
In  the  neutral  solution  after  oxidation  of  the  aldehyde  only  acetic  add 
was  found  (96.8%  yidd).    The  absence  of  formic  add  was  proven. 

]^q>erimeatal  Part.  . 

1.  The  Preparation  of  the  Aldehyde  Solution. — ^Acetaldehyde  was  pre- 
pared by  the  method  described  by  McLeod.*  Paraldehyde  was  depol3rm- 
erized  by  the  use  of  dil.  sulfuric  add  (i :  4).  The  product  of  the  first 
distillation  after  treatment  with  the  add,  was  redistilled  twice,  the  frac- 
tions coming  over  below  27^  being  used  in  making  the  standard  aldehyde 
solution.  The  final  distillate  contained  probably  1-2%  of  water  as  shown 
by  the  slight  cdioring  of  dehydrated  copper  sulfate.  A  wdghed  amotmt 
of  the  aldeh3rde  so  prepared  was  disserved  in  water  in  such  a  propcMtion 
that  a  two  molar  solution  was  obtained. 

2.  The  Standard  Potassium  Hydroxide  Solution. — ^A  concentrated 
potassium  hydroxide  solution  was  made  and  standardized  by  titrating  with 
0.5  N  sulfuric  add.  The  solution  contained  0.445  S-  ^f  potassium  hydrox- 
ide per  cc.  The  carbon  dioxide  content  was  ascertained  to  be  0.0027  g. 
percc. 

3.  The  Oxidation. — ^The  oxidations  were  carried  on  in  two-liter  balloon 
flasks.  The  flasks  were  supplied  with  rubber  stoppers  through  which 
extended  a  piece  of  glass  tubing,  a  pipet,  and  a  stirring  rod  placed  in  a 
mercury  seal.  The  stirring  rod  was  attached  to  a  revolving  spindle  by 
means  of  rubber  tubing,  the  glass  tubing  by  the  same  means  to  a  buret. 
The  oxidizing  solution  was  prepared  as  follows:  A  meastu'ed  amount  of 
the  concentrated  potassium  hydroxide  solution  was  made  up  to  a  volume 
of  one  liter  by  the  addition  of  carbon  dioxide-free  water.  Fifteen  g.  of 
potassium  permanganate  were  then  placed  in  the  alkaline  solution. 

The  flask  was  placed  in  the  electrically  controlled  thermostat,  and  then 
the  motor  stirring  device  and  the  biu-et  containing  the  aldehyde  solution 
were  attached.  When  the  permanganate  had  dissolved  and  the  solution 
had  reached  the  temperature  of  the  thermostat  the  acetaldehyde  was 
added  very  slowly  until  complete  decolorization  of  the  permanganate 
had  been  accomplished.  This  point  could  be  determined  by  drawing  the 
mixture  up  into  the  pipet  and  allowing  the  predpitated  manganese  dioxide 
to  settle.  The  change  was  from  pink  to  colorless  in  the  neutral  and  weak 
alkali  (o  to  9  g.  of  potassium  hydroxide  per  liter)  and  from  green  to  color- 
less in  the  stronger  alkali  solutions.*  At  25®  on  account  of  the  slowness 
of  oxidation  it  was  necessary  to  allow  the  mixtiure  to  stand  several  hours 
between  every  two  additions  of  o.i  cc.  of  the  aldehyde  solutions  when 
the  end-point  was  almost  reached.  At  50°  the  portions  added  were  com- 
pletdy  oxidized  within  less  than  an  hour,  even  in  the  case  of  weak  alkali 

"  Am,  Chcm.  J„  37,  27  (1907). 

>  Compare  Evans  and  Day,  Tms  Journal,  41,  1271  (1919)* 
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solutions.  That  the  end-point  could  be  ascertained  with  a  fair  degree  of 
accuracy  is  shown  by  the  fact  that  oxidations  carried  on  two  months  apart 
checked  with  each  other  within  less  than  8  mg.  of  acetaldehyde  oxidized, 
that  is,  within  one  drop  of  the  standard  solution. 

The  reaction  mixture  was  filtered  in  a  specially  constructed  carbon 
dioxide-firee  apparatus  designed  by  Evans  and  Day^  and  the  filtrate  was 
made  up  to  a  volume  of  two  liters  and  analyzed. 

An  aliquot  part  of  this  solution  was  acidified  (using  a  drop  on  phenol- 
phthalein  solution  as  an  indicator)  with  acetic  add,  then  ammonium 
hydroxide  added  tmtil  the  reaction  was  alkaline.  The  oxalic  add  was 
then  predpitated  from  the  hot  solution  by  the  use  of  a  5%  solution  of 
caldtun  acetate.  After  filtering  and  washing,  the  predpitate  was  dis- 
solved in  15  cc.  of  sulfuric  add  (1:4).  130  cc.  of  distilled  water  was 
added  and  the  hot  solution  was  then  titrated  with  0.098  N  potassium 
permanganate  solution. 

The  carbon  dioxide  was  determined  by  means  of  the  Foulk  apparatus,' 
the  carbon  dioxide  being  absorbed  in  Liebig  bulbs,  proper  correction 
being  made  for  the  carbon  dioxide  in  the  standard  potassium  hydroxide. 

The  acetic  add  was  determined  by  the  method  of  StUlwell  and  Glad- 
ding. Much  difficulty  has  been  experienced  in  the  determination  of  this 
add  by  various  analysts.  The  following  procedure  when  predsdy  fol- 
lowed gives  excellent  results,  as  evidenced  by  the  fact  that  in  25  deter- 
minations of  acetic  add  it  was  tumecessary  to  repeat  a  single  one,  two 
samples  from  the  same  solution  never  varying  from  each  other  to  a  greater 
extent  than  0.2  cc.  of  o.i  N  sodium  hydroxide  solution  and  in  most  cases 
the  determinations  were  in  agreement  to  within  0.05  cc.  Experiments 
showed  that  the  recovery  of  acetic  add  was  99.8  to  100%. 

The  apparatus  for  this  determination  of  acetic  add  consisted  of  a  500 
cc.  balloon  flask  fitted  with  a  two-hole  stopper  through  which  extended 
the  stem  of  a  dropping  funnd,  and  a  Kjddahl  bulb.  The  Kjddahl  bulb 
was  connected  to  a  Ldbig  condenser  ^diich  in  turn  ended  in  a  cylindrical 
dropping  fixnnel  which  was  graduated  into  25  cc.  divisions.  The  drop- 
ping funnd  was  connected  by  a  two-hole  stopper  to  a  750  cc.  Erlenmeyer 
flask. 

The  sample  (100  cc.)  was  put  into  the  balloon  flask  together  with  bits 
of  porous  plate,  the  flask  stoppered  and  20  cc.  of  syrupy  phosphoric  add 
added.  Distillation  was  then  begun.  When  50  cc.  of  distillate  had 
collected  in  the  dropping  ftumd,  25  cc.  of  hot  water  was  then  added  and 
the  operations  continued,  thus  maintaining  the  voltune  in  the  distilling 
flask  between  70  and  95  cc.  When  the  distillate  had  reached  a  volume 
of  400  cc.  it  was  found  that  in  all  cases  the  acetic  add  had  been  com- 
1  Loc.  cit. 
*  Poulk's  "Notes  on  Quantitative  Analysis/'  1914,  p.  222.    McGraw-Hill  Book  Co. 
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pletely  distilled  over.  In  case  the  alkali  present  in  the  sample  exceeds 
3  g.  it  is  necessary  to  add  considerably  more  than  the  20  cc.  of  phosphoric 
add  plus  the  amount  required  to  neutralize  the  excess  of  alkali.  If  the 
amount  of  alkali  is  as  much  as  12  g.  it  is  advisable  to  use  40  cc.  of  phos- 
phoric add.  If  this  precaution  is  not  taken  the  final  portions  of  the 
acetic  add  distil  over  very  slowly.  The  use  of  fresh  pieces  of  porous 
plate  shortens  the  time  of  distillation  about  45  minutes.  It  reduces  the 
necessary  volume  of  the  distillate  about  100  cc.  and  espedally  with  sam- 
ples high  in  alkali  it  is  very  valuable  in  preventing  the  otherwise  almost  in- 
evitable bumping.  The  distillate  was  freed  oi  carbon  dioxide  by  bubbling 
carbon  dioxide-free  air  through  it  for  10  minutes,  after  which  it  was  titrated 
with  0.1  A^  alkali  using  phenolphthalein  as  an  indicator.  Preliminary 
experiments  showed  that  results  were  from  one  to  3%  too  high  if  the  pre- 
caution was  not  taken  of  removing  the  carbon  dioxide. 

Explanation  of  Data  Sheet  and  Curves. 

I.  Method  of  Tabulating  Results.— All  of  the  20  oxidations  here 
reported  were  checked  at  least  once  and  in  several  cases  checked  3  or 
more  times.  The  analytical  data  are  the  result  of  at  least  two  analyses 
of  the  same  solution.  The  liberty  has  been  taken  of  discarding  a  few 
experiments,  the  results  of  which  were  quite  obviously  in  error  due  to 
faulty  manipulation,  or  variation  in  temperattue  of  the  bath  dtuing  the 
process  of  oxidation. 

The  wdght  of  potassium  hydroxide  placed  in  the  oxidizing  flask  is 
given  the  first  column,  the  larger  figure  in  parenthesis  is  the  volume  in 
cc.  of  the  solution  at  the  end  of  the  oxidation.  The  wdghts  of  acetic 
and  oxalic  adds  and  carbon  dioxide  which  were  fotmd  in  the  solution 
upon  analysis  are  given  Cols.  2,  3  and  4.  The  aldehyde  equivalent  of 
these  products  is  given  Col.  5.  The  wdghts  of  acetic  and  oxalic  add  and 
carbon  dioxide  which  would  be  produced  if  4.4  g.  (o.i  moL  wt.)  of  acetal- 
dehyde  were  oxidized  tmder  the  conditions  of  the  experiment  are  given 
m  Cols.  6,  7  and  8.  The  figures  in  Col.  9  give  in  g.  the  amotmt  of 
oxalic  add  which  would  be  produced  if  4.4  g.  of  the  acetaldehyde  equivalent 
of  some  intermediate  compound  were  oxidized  to  oxalic  add  and  carbon 
dioxide  in  the  ratio  in  which  they  are  produced  at  the  given  concentration 
of  potassium  hydroxide;  for  example,  if  in  a  given  experiment  one  g.  of 
oz^c  add  and  one  g.  of  carbon  dioxide  were  produced,  the  acetaldehyde 
equivalent  would  be  0.49  and  0.5  g.,  respectivdy,  or  a  total  of  0.99  g. 
acetaldehyde.  Thus  if  0.99  g.  of  acetaldehyde  gave  one  g.  of  oxaUc  add, 
then  4.4  g.  oi  acetaldehyde  would  give  4.44  g.  of  oxaUc  acid.  Similar 
values  for  carbon  dioxide  production  are  given  in  Col.  12.  The 
figures  in  Col.  10  give  in  grams  the  average  concentration  of  potassitun 
hydroxide  during  the  oxidation^  Col.  11  contains  the  wdghts  of 
aldehyde  which  were  added  to  reduce  the  permanganate  solution.    These 
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weights  are  based  on  the  weights  of  the  prepared  aldehyde  used  in  making 
the  reducing  solution. 

That  the  substance  weighed  out  as  aldehyde  was  not  free  from  water 
is  shown  by  the  slight  coloring  of  dehydrated  copper  sulfate  noted  above 
and  by  the  fact  that  there  is  a  constancy  of  yield  of  97-98%  when  the 
yield  is  calculated  on  the  basis  of  the  weighed  substance  being  free  from 
water.  The  work  of  Denis*  showed  that  acetaldehyde  as  prepared  by 
McLeod^  was  about  97%  pure. 

2.  To  Determine  the  Concentration  of  Alkali. — ^At  the  beginning  of 
the  oxidation,  the  alkaU  concentration  is  known  through  the  method  for 
the  preparation  of  the  oxidizing  mixture.  However,  as  soon  as  oxidation 
begins,  other  factors  determine  the  concentration  at  any  given  time. 
The  three  factors  which  are  taken  into  consideration  in  calculating  the 
"average  potassium  hydroxide"  given  in  Col.  10  of  the  table  are  as 
follows:  (a)  The  15  g.  of  potassitun  hydroxide  according  to  the  equation 
2KMn04  +  H2O  =  2KOH  +  2Mn02  +  30;  this  results  in  an  increase  in 
the  amount  of  potassium  hydroxide  in  the  oxidizing  solution.  (6)  The 
acetic,  oxalic  and  carbonic  adds  produced  by  oxidation  will  neutralize  a 
certain  amount  of  the.  potassiiun  hydroxide,  {c)  As  the  aldehyde  solu- 
tion is  added  theivpliime  of  the  alkali  solution  is  increased  and  conse- 
quently the  concentration  of  the  alkaU  is  decreased. 

Thus,  through  factor  (a)  the  concentration  of  alkali  is  increased  and 
through  factors  (6)  and  (c)  it  is  decreased.  In  plotting  the  ciuires  the 
alkali  ordinate  is  found  as  follows:  The  amount  of  hydroxide  necessary 
to  give  potassium  oxalate,  potassium  hydrogen  carbonate  and  potassium 
acetate  is  found.  This  amount  taken  from  the  total  amount  of  potas- 
sium hydroxide  introduced  (i.  e,,  the  weight  originally  put  in  plus  5.3 
g.)  gives  the  number  of  grams  of  potassium  hydroxide  present  at  the  end  of 
the  oxidation.  This  amoimt  divided  by  the  volume  of  the  solution  in 
cc.  and  the  quotient  multiplied  by  1000  gives  the  concentration  per  Uter 
of  alkaU  at  the  end  of  the  oxidation.  The  mean  between  this  concen- 
tration and  the  concentration  at  the  beginning  of  the  oxidation  is  taken 
as  the  average  concentration  dining  the  course  of  the  experiment.  Under 
some  conditions  the  factors  almost  balance  each  other,  while  in  others 
(first  expt.  at  25°  for  example)  the  correction  is  about  0.85  of  a  g.  of 
potassium  hydroxide,  almost  Vb  oi  the  amotmt  of  potassitun  hydroxide 
originally  added.  In  any  event,  these  corrections  can  only  be  approx- 
imate. 

Another  factor  which  has  not  been  considered  in  the  calculations  which 
probably  does  effect  the  alkali  concentration  is  that  the  precipitated 
manganese  compound  or  compounds  holds  some  potassium  in  chemical 
>  Am.  Chem.  J,,  38,  567  (1907). 
« Ibid.,  37,  27  (1907). 
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union.  Morawski  and  Stingl,^  and  Smolka'  and  Gmehlin-Kraut-Fried- 
man'  point  out  that  the  compound  EIHsMn40io  is  formed.  There  is 
uncertainty  as  to  the  exact  composition  of  this  substance.  Furthermore, 
there  is  no  data  as  to  the  effect  of  the  alkali  concentration  upon  its  forma- 
tion. For  these  reasons  the  potassium  which  may  be  withdrawn  from 
the  solution  due  to  the  formation  of  this  compotmd  is  not  considered  in 
the  calculations. 

3.  Plotting  the  Graphs. — In  Fig.  i  the  weights  of  acetic  add  which 
would  be  produced  by  4.4  g.  acetaldehyde  at  the  given  concentration  of 
alkali  are  plotted  against  the  grams  of  potassitun  hydroxide  per  liter. 


Pig.  I.  — ^Acetic  add  produced  by  4.4  g.  acetaldehyde. 

present  during  the  oxidation.  In  Figs.  2  and  3  the  weights  of  oxalic  and 
carbon  dioxide  are  so  plotted.  In  Fig.  4  the  acetic  acid-alkali  relation- 
ship is  plotted  on  logarithmic  paper. 

The  weight  .of  oxalic  add  [(Col.  9  [of]  Table  I)  which  would  be[\pro- 
duced  if  4.4  g.  of  acetaldehyde  (or  its  equivalent)  were  oxidized  to  oxalic 
add  and  carbon  dioxide  in  the  ratio  in  which  they  are  produced  in  the 
given  experiment  is  plotted  against  potassitun  hydroxide  concentration 
in  Fig.  5- 

Three  results  (Table  I)  are  given  of  oxidations  carried  out  in  "neutral 
solution,"  that  is,  no  potassium  hydroxide  was  added  to  the  oxidizing  solu- 
tion.   Since  the  potassium  hydroxide  produced  by  hydrolysis  was  insufB- 

*  /.  prtiH.  Chem.,  [2]  18,  86  (1878);  Jahresb.,  5,  275  (1878). 

^Sittungher.  Math.  Nalurwissensch.  Klasse  Kais  Akad.  Wissensch.  Wein,  95,  II. 
5-30  (1887). 

*  Handb,  Anarg.  Chem,,  3,  II,  254. 
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dent  to  neutralize  the  acetic  acid  produced  by  oxidation,  the  oxidation 
in  reahty  took  place  in  a  weakly  add  solution.    These  oxidations  toc^ 
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Pig.  2. — Ozalk  add  produced  by  4.4  g.  acetaldehyde. 

place  at  different  temperattu^  from  25  to  75®.    It  is  necessary  to  filter 
and  analyze  these  solutions  immediatdy,  for  the  weakly  add  solution  is 
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apparently  an  ideal  media  for  the  growth  of  certain  organisms.    Large 
masses  of  these  develop  in  a  few  days. 
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Pig.  5. — Oxalic  acid  and  carbon  dioxide  produced  by  4.4  g.  acetsddehyde. 

Discussion. 
Acetic  Acid. — ^The  formation  of  acetic  add  from  acetaldehyde  is  to  be 
expected.  The  mathematical  relationship  of  the  amotmts  of  acetic  acid 
produced  to  the  average  alkali  concentration  may  be  derived  as  follows: 
The  fact  that  the  acetic  add-alkali  concentration  relation  gives  a  straight 
line  when  plotted  on  logarithmic  paper  means  that  the  relation  connect- 
ing these  two  quantities  is  expressed  by  the  following  equation: 

where  Y  equals  the  nimiber  of  g.  of  acetic  acid  produced  by  the  oxidation 
of  0.1  Af  g.  of  acetaldehyde  at  a  concentration  of  X  g.  of  potassium 
hydroxide  per  liter,  and  a  is  the  tangent  of  the  angle  which  the  line  makes 
with  the  X  axis.    This  equation  may  be  written  as  follows: 

log  y  =  log  J5  —  a  log  X 
When  jy  =  I ,  the  second  term  on  the  right  side  of  the  equation  disap- 
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pears.  The  value  of  B  is  then  found  to  be  equal  to  the  ordinate  when  the 
abscissa  is  one.  The  values  for  B  and  a  at  the  temperatures  employed  in 
these  experiments  are  shown  in  the  following  equations: 

y  =  6.49 -»'-<»•"*  at  25^  (i) 

Y  =  6.38  X-»-««  at  50^  (2) 

y  =  5.7oA:-<^»«at75'  (3) 

It  is  of  much  interest  in  this  connection  to  note  that  the  above  equation 
is  the  same  one  f otmd  for  the  amotmt  of  acetic  add  formed  when  ethyl 
alcohol  is  oxidized  with  alkaline  potassium  permanganate.^ 

It  will  be  observed  that  the  value  of  the  tangent  of  the  angle  decreases 
about  0.114  for  each  lowering  of  25®  in  the  temperature.  This  indicates 
that  at  about  0°  the  tangent  of  the  angle  would  be  zero,  or  in  other  words, 
at  that  temperatiure  the  line  would  be  parallel  to  the  X  axis.  That  is, 
at  0°  acetaldehyde  woidd  be  oxidized  quantitatively  to  acetic  add  no 
matter  what  was  the  alkalinity  of  the  oxidizing  solution.  (See  Fig.  13.) 
The  wdght  of  acetic  add  which  would  be  produced  by  the  oxidation  of 
4.4  g.  of  acetaldehyde  would  be  6  g. 

From  a  study  of  the  logarithmic  graph  (Fig.  4),  it  will  be  seen  that  the 
acetic  add-potassium  hydroxide  line  reaches  the  ordinate  6  at  =»  1.95,  1.3 
and  0.85  for  25  ^  50**  and  75®,  respectivdy,  i.  e.,  those  concentrations  are 
the  highest  concentrations  at  those  temperattu-es  at  which  acetaldehyde 
is  oxidized  quantitativdy  to  acetic  add.  Or,  stated  in  terms  <rf  Nef  s 
dissociation  theory,  those  are  the  concentrations  of  alkaU  at  which  the 
acetaldehyde  begins  to  dissodate  with  the  production  of  vinyl  alcohol. 
These  values  are  in  accord  with  McLeod's  statement  noted  bdow.  As  he 
does  not  report  the  temperatiure,  an  exact  comparison  is  impossible. 

The  minimum  amotmts  of  acetic  add  obtained  are  3.84,  2.91,  2.09  at 
25  ^  50®  and  75  ^  respectivdy.  By  reference  to  the  logarithmic  lines  it 
will  be  seen  that  these  values  for  the  ordinate  correspond  to  90,  32.5 
and  18.5  g.,  respectivdy.  That  is  at  those  concentrations  of  potassium 
hydroxide  per  liter  the  minimum  amount  of  acetic  add  for  those  tem- 
peratures would  be  produced.  Hence,  the  logarithm  of  the  amotmt  of  acetic 
add  produced  by  the  alkaline  permanganate  oxidation  of  acetaldehyde  is 
a  linear  fimction  of  the  logarithm  of  the  potassium  hydroxide  concentra- 
tion employed  between  the  following  Umits:  1.95  g.  to  90  g.  at  25®; 
1.3  to  3.25  g.  at  50®;  and  0.85  g.  to  18.5  g.  at  75^  At  concentrations 
above  the  larger  value,  increase  in  potassitun  hydroxide  affects  no  change 
in  the  amount  of  acetic  add,  and  at  concentrations  less  than  the  smaller 
number  the  oxidation  of  acetaldehyde  to  acetic  add  is  quantitative. 
Hence,  the  equations  derived,  give  correct  values  for  Y  only  between 
certain  limiting  values  of  X. 

^  Cf.  Evans  and  Day,  Tms  Journal,  41,  1282  (19x1). 
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Oxalic  Add  and  Carbon  Dioxide.— Bvans  and  Day^  in  ttidr  paper  on 
ethyl  alodiol  have  shown  that  there  is  no  good  evidence  for  believing 
that  oxalic  add  is  produced  by  the  alkaline  oxidation  of  acetates  or  that 
carbon  dioxide  is  produced  by  the  alkaline  oxidation  of  oxalates  or 
acetates. 

Denis*  held  that  the  fcnmation  of  an  olefin  derivative  (in  this 
case  vinyl  alcohol)  was  conditio  sine  qua  nan  of  the  oxidation  of  acetalde- 
hydc  to  compounds  other  than  the  corresponding  fatty  add.  McLeod* 
showed  that  vinyl  alcohol  molecules  did  exist  in  an  aqueous  solution  as 
soon  as  sodium  hydroxide  was  present  to  the  extent  of  o.i%.  The 
oxidation  would  then  go  through  the  following  states: 

CH,  «  CHO  (in  alkaUne  solution)  -^  CH,  =  CHOH        (i) 
CH,  =  CHOH  +  2OH  — >  CH20H.CH(OH)2  (2) 

That  glycollic  aldehyde  is  one  of  the  intermediate  compotmds  in  the 
oxidation  of  acetaldehyde  is  convincingly  shown  in  Part  II  of  this  papei 

Nef*  postulated  that  glycollic  aldehyde  could  dissodate  as  follows: 

CH,oH.CHO  :j:t  J)choh  +  h.cho  (3) 

CHaOH.CHO^     ^CH.CHO  +  HaO  (4) 

The  oxidation  of  the  reaction  products  in  (3)  would  yidd  carbon  dioxide. 
If  the  reaction  product  in  (4)  is  oxidized  to  glyoxal,  then  glycollic  add 
would  be  one  of  our  intermediate  compounds  in  these  reactions  since 
glyoxal  and  diketo  compotmds  of  the  same  type  undergo  simultaneous 
oxidation  and  reduction,  i.  e,,  the  benzilic  add  rearrangement.  It  is 
shown  in  Part  II  that  glycollic  add  is  ultimately  oxidized  to  oxalic  add 
and  carbon  dioxide. 

The  alkali  concentration  might  then  be  supposed  to  affect  the  production 
of  vinyl  alcohol  molecules  (cf.  Part  II).  It  also  undoubtedly  affects 
the  reactions  whereby  oxalic  add  and  carbon  dioxide  are  produced  from 
the  intermediate  compounds,  since  it  is  evident  from  a  study  of  the  curves 
that  the  production  of  oxaUc  add  and  carbon  dioxide  is  affected  by  the 
variation  in  the  concentration  of  the  alkali. 

It  is  important  to  consider  the  oxalic  add-alkaU  concentration  relation- 
ship as  given  in  Col.  9,  Table  I,  and  as  plotted  in  Pig.  5.  It  is  seen  that 
this  relationship  as  expressed  on  logarithmic  paper  is  also  a  straight  line. 
As  noted  above,  the  acetic  add-alkali  concentration  relationship  plotted 

^LoccU. 

<  Am.  Chem,  J.,  38, 568  (1907). 

« Ibid.,  37f  23  (1907);  cf.  Nef,  i4»».,  298,  316  (1897). 

*  Ibid.,  335,  274,  282  (1904). 
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on  logarithmic  paper  gives  a  straight  line,  showing  that  the  logarithms 
of  the  amomits  of  acetic  add  produced  from  acetaldehyde  by  the  alkaline 
oxidation  with  potassitmi  permanganate  is  also  a  linear  function  of  the 
logarithm  of  tlw  potassium  hydroxide  concentration.  The  fact  that 
the  relative  production  of  oxalic  acid  and  carbon  dioxide  may  be  ex- 
pressed in  a  mathematical  expression  of  the  same  type  indicates  that 
the  alkali  acts  in  the  same  general  way  upon  the  compound  which  is  the 
source  of  these  acids  as  it  does  upon  the  acetaldehyde  which  is  a  source 
of  the  acetic  acid. 

The  equations  expressing  the  oxalic  acid-alkaU  concentration  and  the 
carbon  dioxide-alkali  concentration  involved  in  the  oxidation  of  the 
acetaldehyde  equivalent  of  the  intermediate  compound  may  be  derived 
in  the  same  manner  as  were  those  for  the  acetic  add-alkali  concentration. 
If  we  let  Zo  =  grams  of  oxalic  add  so  produced;  Zc  the  grams  of  carbon 
dioxide;  and  X  the  grams  of  potassium  hydroxide  per  liter,  then  the 
equations  will  be  as  follows: 

For  25^  Zo  =  2.87  X  o-i'^     (4)  Zc  =  6.5  X  -«•«*     (7) 

For  50^  Zo  =  2.87  X  ^-'^     (5)  Zc  =»  6.5  X  -«-^«     (8) 

For  75°  ^o  =  2.88  X  «•«««     (6)  Z,  =  6.5  X  -«-i»«    (9) 

If  the  amount  of  acetic  add  produced  (Equations  i,  2  and  3)  is  multiplied 
by  the  factor  0.733,  the  product  will  be  the  wdght  in  grams  of  the  acet- 
aldehyde equivalent  to  the  actic  acid  produced.  It  is  evident  that  if 
this  product  is  subtracted  from  4.4  g.  (the  total  amount  of  the  aldehyde), 
the  remainder  will  be  the  acetaldehyde  equivalent  (W)  of  the  intermediate 
compound  formed  in  these  reactions  which  is  oxidized  to  oxalic  acid  and 
carbon  dioxide. 

These  amounts  are  found  to  be  as  follows: 

For  25°  [4.4  -  (o.733)(649  X  -o-^^OI  (10) 

For  50°  [4.4  -  (o.733)(6.38  X  -«•«•)]  (11) 

For  75°  [4.4  -  (0.733)  (5.70  X  -o.««)]  (12) 

Equations  4  to  9  indusive  were  calculated  on  the  basis  that  4.4  g.  of 
acetaldehyde  was  oxidized  to  oxalic  acid  and  carbon  dioxide  in  the  same 
ratio  as  that  in  which  these  two  compounds  were  found  as  reaction  products 
at  the  concentration  of  the  alkali  used.  The  actual  amotmt  of  the  inter- 
mediate compound  which  is  the  source  of  the  oxalic  add  and  carbon 
dioxide  in  these  reactions  is  not  constant  in  amount  for  the  same  tem- 
peratiure  but  it  depends  upon  the  concentration  of  the  alkali  used.  Fur- 
thermore, the  ratio  of  the  oxalic  add  and  carbon  dioxide  production  from 
the  oxidation  of  the  intermediate  compounds  is  also  dependent  upon 
the  concentration  of  the  alkali  used.  The  aldehyde  equivalent  of  the 
intermediate  compounds  is  easily  obtained  by  solving  the  equations  in 
the  preceding  paragraph. 
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Thus  we  have  at  hand  the  data  necessary  for  calculating  the  oxalic 
add  and  carbon  dioxide  produced  in  the  oxidation  of  acetaldehyde  as  well 
as  the  acetic  add  production  as  noted  above.  For  it  Yo  ^  g.  of  .oxalic 
add  produced  by  the  oxidation  of  4.4  g.  of  acetaldehyde  at  a  concentra- 
tion of  X  g.  of  potassium  hydroxide  per  Uter,  then  Yo  will  bear  the  same 
relationship  to  the  actual  amount  of  the  intermediate  compound  oxidized 
to  oxaUc  add  and  carbon  dioxide  as  the  values  of  Zo  (Equations  4  to 
6  indusive)  bear  to  4.4,  i.  e,, 

Yo :  4.4  -  (o.733)(6.49  X-^M*)  ]  =  2.87  X^^^^:  4.4.  (13) 

By  solving  the  easily  formed  equations  of  this  type  the  oxalic  acid  pro- 
duction from  aldehyde  can  be  readily  calculated  for  any  concentration 
of  the  alkali  at  the  temperature  represented  by  the  equation.  The  fol- 
lowing are  the  values  of  V©  and  Yc  (carbon  dioxide  production) : 

At  25 *»  Yo  =  2.87  X  <»-»«7  —  2.090  X  «•<>«  (14) 

y,  =6.5    X-«-i»  — 7.03    X-«-«"  (15) 

At  50^  Yo  =  2.87  X  ^-'^  —  3.03    X-^-^*  (16) 

Yc  «6.5    A:-«-i«  — 6.91    X-^^^^  (17) 

At  75''  i^o  =  2.88  X  ^'^^  —  2.724  A:-«"»  (18) 

y,  «  6.5  x-oi^*  — 6.17  x-«-"»  (19) 

The  correlation  of  the  values  determined  by  experiment  with  the  values 
found  by  solving  the  equations  is  shown  in  the  following  table: 
Tabi^  II. — Comparison  of  Vai^ues  Found  and  Cau:ulatsd. 


Value 
oiX. 

CH.COOH. 

(COOH)i. 

CO.. 

Temperature. 

Bzperiment. 

Equation. 

Bxperiment. 

Bquation. 

Bzperiment. 

Bquation. 

25' 

3.6 

5-53 

5.57 

0.275 

0.255 

0.41 

0.39 

^5' 

8.25 

5.09 

5.08 

0.655 

0.63 

0.70 

0.70 

25* 

13.0 

4.84 

4.83 

0.87 

0.87 

0.87 

0.89 

25" 

43  65 

4.20 

4.24 

1. 61 

1.62 

1.09 

1.08 

50*» 

4.5 

4.52 

4.54 

0.92 

0.93 

1.23 

1.23 

50« 

9.05 

3  91 

3.89 

1. 51 

1.53 

1.60 

X.60 

50* 

13.7 

3.56 

3.56 

1.92 

1.92 

1.77 

1.74 

50* 

22.6 

3.18 

3.18 

2.37 

2.42 

1.82 

1.84 

75** 

4.7 

3.37 

3.36 

1.68 

1.73 

2.19 

2.19 

75** 

9.3 

2.64 

2.65 

2.55 

2.51 

2.45 

2.45 

75** 

13.8 

2.31 

2.32 

Su 

2.97 

mmarv. 

2.99 

2.53 

2.51 

1.  Acetaldehyde  is  oxidized  in  alkaline  solution  to  acetic  add,  oxaUc 
add  and  carbon  dioxide. 

2.  The  logarithm  of  the  amount  of  acetic  add  produced  is  a  linear 
function  of  the  logarithm  of  the  alkali  concentration  between  definite 
limits.  Acetic  add  production  decreases  as  alkali  concentration  increases 
and  as  temperature  increases. 

3.  These  limits  are  a  ftmction  of  the  temperature. 
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4.  There  is  a  minimum  production  of  acetic  add  at  a  concentration  oi 
alkali  which  is  a  function  of  the  temperature.  Increases  in  potassium 
hydroxide  beyond  this  concentration  has  no  appreciable  effect  upon  acetic 
acid  production. 

5.  The  amounts  of  oxalic  add  and  carbon  dioxide  produced  by  the 
oxidation  of  acetaldehyde  at  a  constant  temperature  are  expressed  as  a 
mathematical  function  of  the  potassium  hydroxide  concentration  between 
certain  limits. 

6.  Since  the  production  of  these  compounds  is  dependent  upon  those 
factors  which  decrease  the  amount  of  substance  going  to  acetic  add,  the 
same  limits  apply  to  the  production  of  them  as  does  to  the  production  of 
acetic  add. 

7.  The  ratio  of  oxalic  add  to  carbon  dioxide  increases  with  rise  in  tem- 
perature, and  increase  in  alkali  concentration.  The  amotmt  of  substance 
going  to  oxalic  (or  carbon  dioxide)  as  compared  to  the  total  amount 
going  to  oxalic  add  and  carbon  dioxide  is  a  simple  algebraic  function  of 
the  alkali  concentration. 

8.  The  effect  of  the  alkali  on  the  yield  of  acetic  add  should  disappear 
at  a  temperature  below  0°. 

PART  n.— THE  OXIDATION  OF  ETHYLENE  GLYCOL,  GLYCOLLIC  ALDEHYDE, 

GLYOXAL,  GLYCOLLIC  ACID  AND  GLYOXALIC  ACID. 

Historical  Discussion. 

The  compounds  ethylene  glycol,^  glycoUic  aldehyde,'  glyoxal,^  gly- 
collic  add,*  and  glyoxalic  add,*  and  acetic  add  are  more  or  less  readily 
transformed  into  each  other  by  add  oxidizing  or  redudng  agents. 

As  to  the  conduct  of  these  compounds  in  the  presence  of  bases  the 
following  reports  are  in  the  literature.  Hydrogen  is  evolved  and  formic 
add  is  formed  when  glycol  is  heated  with  lead  peroxide  and  potassium 
hydroxide.  • 

Meyer  and  Jacobson  in  their  text  book^  state  that  upon  boiling,  a 
solution  of  glyoxal  is  changed  over  into  a  solution  of  glycoUic  add.  Debus 
showed  that  upon  boiling  the  solution  of  the  caldum  salt  of  glyoxalic 
acid,  the  salts  of  oxaUc  and  glycoUic  adds  were  formed.  B5ttinger* 
showed  that  boiling  the  salt  of  the  acid  in  the  presence  of  potassium 
hydroxide  caused  the  same  reaction  to  take  place.  A  basic  barium 
glyoxalate  is  formed  as  an  intermediate  product  during  the  action  of 

*  Debus,  Ann.,  no,  316  (1859);  Renard,  Ann.  Chim.,  (5]  17,  313  (1879).' 

*  Neuberg  and  Schwenk,  Z.  ver.  Zuch.,  1916,  I,  430. 

*  Debus,  Ann.,  102,  20  (1857). 

*  Wflrtz,  Ibid.,  103,  366  (1857);  Glaus,  Ibid.,  145,  256  (1868). 
»  Debus,  Ibid.,  100,  i  (1856);  no,  316  (1859). 

*  Glaser  and  Morawski,  Monats.,  zo,  582  (1890). 
^  2nd  Ed.,  I,  815  (1913)- 

^  Ber.,  13,  1832  (1880). 
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barium  hydroxide  on  glyoxalic  add.  More  prolonged  action^  causey  tjie 
evolution  of  hydrogen  and  the  formatiosi  of  oxalic  add.^  Traube  ssLy^ 
that  the  quantity  of  hydrogen  evolved  is  less  in  the  experiments  in  which 
only  small  amounts  of  barium  hydroxide  were  used. 

To  summarize  these  transformations  in  the  presence  of  alkali  it  may 
be  said  that  by  the  action  of  bases  an  intermolecular  oxidation-reduction 
may  be  accomplished  in  the  case  of  glyoxal  and  glyoxalic  add.  It  has 
also  been  shown  that  in  two  cases  (glycol  and  glyoxalic  add)  an  alkali 
causes  the  evolution  of  hydrogen  and  the  consequent  oxidation  of  the 
compound  to  the  alkali  salt  of  oxalic  add. 

Heimrod  and  Levene^  have  done  considerable  work  upon  the  alka)ine 
oxidation  of  glycol,  glycoUic  aldehyde,  g^yoxal,  glycoUic  add  and  glyoxalic 
add.    Their  method  of  experimentation  was  as  follows : 

A  solution  of  the  compotmd  was  made;  to  this  was  added  varying 
amounts  of  a  4  AT  potassium  hydroxide  solution.  A  30%  hydrogen  per- 
oxide solution  was  added  as  an  oxidizing  agent.  They  analyzed  the  solu- 
tion containing  the  oxidation  products  for  total  volatile  adds  (formic,  add 
and  carbon  dioxide).  They  also  tested  for  oxalic  add  in  the  residue  after, 
the  expulsion  of  the  volatile  acids.  Large  3ddds  of  formic  add  and  some 
carbon  dioxide  were  obtained  by  the  oxidation  of  glycol,  glycollic  alde- 
hyde and  glyoxal.  Glycollic  add  gave  some  glyoxalic  add,  a  larger 
amount  of  formic  add  and  over  50%  3ddd  of  carbon  dioxide. 

The  glyoxalic  add  gave  on  oxidation  large  amounts  of  carbon  dioxide 
and  some  oxalic  and  formic  adds.  Heimrod  and  Levene  beUeve  that 
the  oxaUc  add  was  produced  by  the  action  of  the  alkali  on  glyoxalic  add. 
They  detected  oxalic  add  in  a  control  experiment  in  which  they  used  no 
hydrogen  peroxide.  In  some  of  their  experiments  an  excess  of  the  oxidiz- 
ing agent  was  used  and  in  all  others  all  of  the  hydrogen  peroxide  entered 
into  reaction  with  the  compound  being  oxidized.  The  temperatture  factor 
was  not  regulated  and  the  yields  were  not  quantitative. 

ELZperimental  Part. 

Oxidations  of  glycol,  glycollic  aldehyde,  glyoxal,  glycollic  add  and 
glyoxalic  add  were  conducted  at  a  temperature  of  50®  in  the  same  manner 
as  described  for  acetaldehyde.  The  method  of  preparation  of  the  com- 
potmds  and  the  results  of  the  oxidation  of  them  are  here  given. 

Ethylene  Glycol. 

Preparation  of  Ethylene  Glycol. — The  ethylene  glycol  was  prepared 
from  ethyl  alcohol,  through  the  intermediate  formation  of  ethylene, 
ethylene  dibromide,  and  glycol  diacetate, 

1  Traube,  Ber„  4a,  3295  (1909). 
» Piochem.  Z.,  29,  31  (1910), 
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The  Oxidation  of  Sthylene  Glycol.— The  oxidation  of  the  ethylene 
glycol  was  carried  out  at  an  initial  volume  of  500  cc.  The  vcrfume  at 
the  end  of  the  oxidation  was  525  cc. 

The  data  obtained  are  given  in  the  following  table : 


Tablb 

III. 

ZMnCk. 

G.  KOH        G. 
perl.    (CHK)H)t. 

G. 
(COOH)t. 

G. 
COt. 

G.  (CHfOH) 

as  (COOH)i 
andCOi. 

(COOH)t 
from  6.2  g 
(CHtOH)i. 

CQtfrom 
(CHtC&i). 

Av.  g. 
KOH 
perl. 

7.75 

None 

0.97 

0.215 

1. 15 

0.96 

1.37 

7.35 

1.02 

7.00 

0.96 

0.96 

0.47 

0.90 

0.957 

3.04 

5.81 

1.66 

7.00 

1.98 

0.98 

0.906 

0.50 

0.977 

5.73 

3.16 

2.64 

7.00 

4.86 

0.99 

1.05 

0.37 

0.985 

6.57 

2.32 

5.5 

7.00 

14.6 

1. 00 

1.05 

0.38 

0.99 

6.51 

2  35 

15.0 

7.00 

24.1 

0.99 

1.05 

0.37 

0.985 

6.57 

2.32 

24.3 

7.00 

48.6 

0.99 

1.05 

0.37 

0.985 

6.57 

2.32 

48.3 

The  amounts  of  oxaUc  add  and  carbon  dioxide  which  would  be  pnxiuced 
by  the  oxidation  of  6.2  g.  (o.i  Mol.  wt.)  of  glycol  under  the  conditions 
of  the  experiment  are  given  in  Ccis.  6  and  7.  These  values  plotted  against 
the  potassium  hydroxide  concentration  are  shown  in  Pig.  6. 
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Fig.  6. — Glycol  oxidations. 


It  may  be  seen  that  the  amounts  of  these  adds  produced  by  the  oxida- 
tion of  a  fixed  amount  of  glycol  constitute  a  linear  function  of  the  potas- 
sium hydroxide  concentration  between  concentration  of  0.5  g.  and  3.0  g. 
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per  liter.  The  equations  showing  these  relationships  are  V©  =  2.73  X  — 
1.46  and  Yc  =  10.13  —  2.64  X,  where  y©  equals  the  grams  of  oxsdic  add, 
and  Ye  the  grams  of  carbon  dioxide  produced  by  the  oxidation  of  a  tenth 
molecular  weight  of  glycol  at  a  concentration  of  X  g.  of  potassium  hydrox- 
ide per  liter.  At  concentrations  below  0.5  g.  of  potassium  hydroxide  per 
liter  it  appears  that  gl3rcol  is  oxidized  quantitatively  to  carbon 
dioxide;  at  concentrations  above  the  3  g.  per  Uter  the  ratio  of  the  acids 
produced  is  not  affected  by  changes  in  the  concentration  of  potassium 
hydroxide.  At  concentrations  above  3  g.  per  liter  73%  of  the  glycol  is 
oxidized  to  oxalic  add,  and  27%  to  carbon  dioxide. 

GlycoUic  Aldehyde. 

1.  Preparation. — ^Three  syntheses  of  glycollic  aldehyde  are  reported 
in  the  literattu^.  Fisher  and  Landsteiner^  prepared  a  dilute  solution  from 
acetal.  Marchwald  and  EUenger'  prepared  a  concentrated  solution  from 
a,i8-dichloro-ethyl  ether.  Fenton*  by  the  oxidation  of  a  concentrated 
solution  of  tartaric  add  with  hydrogen  peroxide  in  the  presence  of  a  small 
amount  of  ferrous  iron  prepared  an  add  which  he  showed  to  be  dihydroxy 
maldc  add,  C4H40e.2H20.  This  add  in  cold  aqueous  solution  slowly,  and 
in  warm  solutions  rapidly  loses  carbon  dioxide  and  glycollic  aldehyde  is 
formed. 

COOH        COOH  COOH 

I  I  I 

CHOH   HjO,  C— OH  •  CHOH  CH,OH 

I      ►  II  +H,0— >   I  yOH  — >   I 

CHOH   Fc'  C— OH  of  CHO 

I  I  |N)H 

COOH  COOH  COOH  +   aCOi 

Dihydroxy-makic  add  was  prepared  by  the  Fentcm  method.  From 
this  a  solution  of  glycollic  aldehyde  was  prepared  by  dissolving  a  wdghed 
amotmt  of  the  crystallized  dihydroxy  maldc  add  in  water,  which  had  been 
freed  of  oxygen.  The  decomposition  of  the  add  was  effected  in  an  atmo- 
sphere of  hydrogen  at  a  temperature  of  about  70®.  Carbon  dioxide  is 
rapidly  evolved  at  this  temperature.  After  expelling  the  carbon  dioxide, 
the  solution  had  a  negligible  addity,  gave  the  aldehyde  reaction  with 
Schiff's  reagent,  a  silver  mirror  with  ammoniacal  silver  nitrate,  and  a 
phenyl-osazone  which  mdted  at  169®.  The  phenyl-osazone  of  glyoxaJ 
meltsat  169.5  ^* 

2.  The  Oxidation  of  Glycollic  Aldehyde. — The  oxidation  was  con- 
ducted in  the  usual  manner.    The  data  are  given  in  the  following  table; 

1  Ber,,  25,  2549  (1892). 

*  Ibid,,  as,  2984  (1892). 

«  /.  Chem,  Soc„  65,  899  (1894). 

*  Pickel,  Ann.,  232,  231  (1885), 
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TABtK  IV. 

KMnOi 

0.  KOH 
perl. 

G. 
CtH«0.. 

G. 

(COOH)t 

G. 
COt. 

G.CtH^Oi 
recovered 

M  (COOH)t 
andCOi. 

rcooH), 

from  6  g. 
CtHiOi. 

COf 
from6g. 
CtH40i. 

Av.g, 
KOH 
perl. 

5.5 

I.O 

0.92 

0.46 

0.95 

0.95 

3.00 

6.19 

1.2 

5.3 

2.4 

0.94 

0.54 

0.87 

0.95 

3.45 

5.55 

2.5 

5.2 

4.8 

0.98 

0.637 

0.82 

0.98 

3.90 

5.00 

4.8 

5.0 

13.4 

0.94 

0.715 

0.67 

0.93 

4.57 

430 

13.0 

The  amounts  of  oxalic  add  and  carbon  dioxide  produced  by  the  oxida- 
tion of  6  g.  (o.i  mol.  wt.)  of  glycollic  aldehyde  are  given  in  Cols.  6  and  7 


? 

H 


Fig.  7. — Oxidation  of  glycollic  aldehyde. 


and  are  plotted  against  the  potassium  hydroxide  concentration  in  Pig.  7. 
The  curve  so  obtained  is  a  logarithmic  one,  for  when  the  points  are  plotted 


Fig.  8. — Oxidation  of  glycollic  aldehyde. 

on  log  paper  a  straight  line  is  produced.  This  relationship  is  plotted  on 
logarithmic  paper  in  Fig.  8.  The  circled  dots  are  the  points  experimentally 
determined* 
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Glyozal. 

1.  The  sodium  add  sulfite  derivative  of  glyoxal  was  used  in  this  series 
of  oxidations.  Due  to  the  comparative  insolubility  of  the  glyo3ud  bisul- 
fite a  standard  solution  was  not  prepared. 

2.  The  Ozidaticn  of  Glyoxal.— The  oxidation  was  carried  out  at  a 
constant  volume  of  one  liter,  the  powdered  bisulfite  derivative  being 
slowly  added  until  the  oxidizing  solution  was  decolorized.  The  alkalinity 
at  the  end  of  the  reaction  was  determined  by  titration,  the  average  con- 
centration of  the  potassium  hydroxide  being  then  calculated.  The  ex- 
perimental results  are  given  in  Table  V: 

Tabl^  V.-H>xmATioN  or  Glyoxal. 


G. 
XMnOi. 

G.  KOH 
perl. 

G.             G. 
(CHO)fl.  (COOH)t 

0. 

COi 

G.  (CHO)f 

M  (COOH)t 
and  COi. 

(COOH)i 

from 

5.8  ff. 
(CHoV 

COi 
Crom 

(cifo"5i. 

Av.g. 
KOH 
perl. 

10.00 

None 

1.09 

None 

1.66 

None 

8.80 

Add 

II  .00 

4.45 

1.30 

0.156 

1.84 

1.307 

0.69 

8.21 

4.39 

10.40 

8.9 

1.25 

0.265 

1.64 

1.253 

1.24 

7.61 

8.4 

fO.34 

13.35 

1.24 

0.402 

1.50 

1.249 

1.88 

7. ox 

12.5 

10.00 

93.25 

1.23 

0.686 

1.20 

1.234 

3.^3 

5.65 

21. 5 

10.15 

44.5 

1.28 

X.45 

0.53 

1.284 

6.58 

2.40 

43.4 

10.50 

72.0 

1.36 

X.617 

0.49 

1.36 

6.90 

2.09 

71.0 

10.50 

96.0 

1.36 

1. 617 

0.50 

1.365 

6.90 

2.13 

95.0 

The  amounts  of  oxalic  add  and  carbon  dioxide  which  would  be  produced 
by  5.8  g.  (o.i  mol.  wt.)  of  glyoxal  tmder  the  conditions  of  the  experiment 
are  given  in  Cols.  7  and  8.  These  values  plotted  against  the  con- 
centration of  potassmm  hydroxide  per  Uter  are  shown  in  Pig.  9. 


s 

"" 

■"■ 

^ 

■^ 

■•• 

■^ 

■~ 

'V 

N 

S 

^. 

V 

%\ 

- 

^ 

s 

-f 

y 

V 

s, 

y 

7^ 

s 

\ 

0< 

r> 

y 

s 

'-> 

^ 

s 

y 

y 

^ 

y 

s 

V 

y 

*^ 

V 

^ 

y 

■t; 

i"^ 

s 

y 

y 

hv 

s 

n^ 

y 

-^ 

V 

_ 

^ 

0 

y 

E^ 

[i 

if^ 

1 

Ld 

^ 

4 

i 

A 

r 

/ 

n 

I 

H 

1 

4 

r^ 

^ 

• 

^ 

p 

1 — 

4 

9 

4 

4S 

froH 
Pig.  9. — Oxidation  of  glyoxal. 
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It  may  be  seen  that  the  amounts  of  these  adds  produced  by  the  oxida- 
tion of  a  constant  amotmt  of  glyoxal  is  a  linear  function  of  the  potassium 
hydroxide  concentration  between  the  concentration  of  zero  g.  and  45.5 
g.  per  Uter.  At  concentrations  above  the  latter  figure  changes  in  concen- 
tration of  the  potassium  hydroxide  produce  no  changes  in  the  ratio  of 
oxaHc  add  and  carbon  dioxide  produced.  Between  tiiese  limits  Yo  » 
0.151  X  and  Yc  =  8.8  —  0.145  ^  where  Yo  and  Yc  represent  the  grams 
of  oxalic  add,  Yg  the  grams  of  carbon  dioxide  produced  by  the  oxidation 
of  5.8  g.  of  glyoxal  at  a  concentration  of  X  g.  of  potassium  hydroxide  per 
Kter.  At  concentrations  above  45.5  g.  potassium  hydroxide  per  liter 
76.7%  of  the  glyoxal  is  oxidized  to  oxalic  add. 

GlycoUic  Add. 

CH,OH 

I 
Preparation  of  Potassium  GlycoUate,  COOK.VtHaO.— Glycollic  add 

was  prepared  as  by  Witzemann.^    The  crystals  of  glycollic  add  were 

washed  and  dried,  dissolved  in  water,  and  neutralized  with  potassium 

hydroxide  solution.    After  concentration  of  the  solution  on  the  water 

bath,  the  potassium  glycoUate  crystallized  out.    The  salt  was  reaystallized 

once. 

The  Oxidation  of  Glycollic  Acid.— The  oxidation  of  glycollic  add  was 

carried  out  in  the  usual  manner.    The  results  are  given  in  Table  VI.    The 

amotmts  of  carbon  dioxide  and  oxalic  add  produced  by  the  oxidation  of 

12.3  g.  potassium  glycollate  are  plotted  against  potassium  hydroxide 

concentrations  in  Big.  10. 
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Pig.  10. — Oxidation  of  glydiifilic  acid. 
1  Tms  JouRNAi,,  39,  109  (191 7). 


Digitized  by 


GooQle 


OXlDAtlON  OI^  ORGANIC  CC»IPOUKl>S  WTtH  I^IUitAKGANAtE.      1407 

Tabids  VI. — Oztoatton  of  Gi«ycou.ic  Acm. 

G. 

^tHtO    (COOH)«       COi 

At. 


cauoac.VtHto 

<COOH)t       COi 

trtua.          frosB 

(CtHiOiK)   *  G. 

G. 

M(COOH)t 

12.3  g.  of   12.3  g.  of 

V«HiO.    (COOH)t. 

COi. 

•ndCOt 

tlwMlt.     tbeMlt. 

G.  G.       (CiHiOtK)   '  G.  G.  m  (COOH)t      12.3  g.  of   12.3  g.  of       KO^' 

KMnOi.      KOH.       VsHsO.    (COOH)t.      COi.  and  COi.  tlie  Mlt.     tbeMlt.        perl. 

2.00  None  1.05  0.41  0.35  I -057  4.80  4.X0  0.23 

2.00  0.43  1.05  0.59  0.18  1.053  6.90  2.09  0.68 

2.10  0.96  1. 18  0.664  0.20  1. 182  6.91  2.07  I. II 

2.10  9.6  1.23  0.695  0.205  1.233  6.95  2.05  9.6 

2.10  48.0  1.23  0.69  0.21  1.232  6.90  2.10  47.0 

The  same  percentage  of  potassitun  glycoUate  is  oxidized  to  oxalic  add 
regardless  of  whether  the  initial  concentraticm  of  potassium  hydroxide 
is  0.68  g.  or  48  g.  per  liter. 

It  is  only  in  the  solution  to  which  no  potassium  hydroxide  was  added 
that  a  less  percentage  of  the  oxalic  add  is  produced.  The  average  con- 
centration of  potassium  hydroxide  in  the  ''neutral  solution"  would  be 
0.23  g.,  ior  the  amotmt  of  potassium  hydroxide  produced  by  the  hydrolysis 
of  potassium  permanganate  and  by  the  potassium  glycollate  is  in  excess 
of  the  amotmt  needed  to  neutralize  the  adds. 

Glyozalic  Add. 

Preparatioa  of  Potassium  dyoxalate. — Potassium  glyoxaktte  was  pre- 
pared by  the  method  of  Otto  Bechurts.^  The  salt  was  recrystallized  from 
water  and  alcohol. 

Oxidation  of  Potassium  Glyoxalate.— The  results  obtained  by  the 

yOH 

oxidation  of  CH\        are  given  in  Table  VII. 

COOK 

Tabi^  VII. — Oxidation  of  Gltoxauc  Acm. 


G. 
KM11O4. 

G.  KOH 
perl. 

G. 

CtHfOo:. 

(COdH)i. 

«§).. 

0. 
CiHgoac 

recovered     (CO0H}t 

as  (COOH)t  from  13 

and  COi.       ff.  salt. 

COi 
from  13 
rialt. 

At.  oooc, 
KOH 
perl. 

1.2 

None 

0.80 

None 

, , 

8.80 

Add 

1.2 

0.50 

1.24 

0.403 

0.44 

1. 231 

4.22 

4.61 

0.47 

1.2 

0.99 

1.24 

0.43 

0.41 

1.227 

4.50 

430 

0.93 

1.2 

2.4 

1.20 

0.453 

0.36 

1. 185 

4-91 

3.90 

2.1 

1.2 

4.9 

1.20 

0.50 

0.32 

1. 193 

5.42 

3.47 

4.6 

1.2 

4.8 

1.30 

0.624 

0.26 

X.293 

6.35 

2.64 

45.0 

The  amounts  of  oxalic  add  and  carbon  dioxide  which  would  be  pro- 
duced by  the  oxidation  of  13  g.  (o.i  mol.  wt.)  of  potassium  glyoxalate 
are  given  in  Cols.  7  and  8  of  the  table  and  are  plotted  against  the  average 
potassium  hydroxide  concentration  in  Pig.  11  and  on  logarithmic  paper 
in  Pig.  1 2 .  The  logarithm  of  the  oxalic  add  and  carbon  dioxide  production 
is  a  linear  function  of  the  logarithm  of  the  potassium  hydroxide  concen- 
tration. The  mathematical  expression  of  this  is  F©  =  4.55  X*****^  and 
1  Ber.,  Z4,  581  (1881). 
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Yc  =  4.28  X"®-"^^  Yo  equals  g.  of  oxalic  acid  and  Y^  g.  of  carbon  diox- 
ide produced  by  the  oxidation  of  13  g.  of  potassium  glyoxalate  at  a  con- 
centration of  X  g.  of  potassium  hydroxide  per  liter. 


Fig.  1 1 . — Oxidation  of  glyozalic  add. 
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Pig.  12.  — Oxidation  of  glyoxalic  acid. 

Discussion  of  Results. 

I.  The  compoimds  whose  oxidation  products  have  here  been  studied 
may  be  classified  in  a  number  of  ways.  One  way  which  is  rather  sug- 
gestive is  on  the  basis  of  the  similarity  of  the  groups  in  the  molecule. 

A.  Acetaldehyde,  glycoUic  aldehyde,  glyoxalic  add,  glycollic  add  would 
be  classified  together  on  this  basis  for  the  groups  within  the  molecule  are 
dissimilar,  In  the  first  compound  there  is  a  methyl  group  and  an  aldehyde 
group,  in  the  second  an  alcohol  group  and  an  aldehyde  group,  in  the  third 
an  aldehyde  group  and  a  carboxyl  group,  in  the  fourth  an  alcohol  group  and 
a  carboxyl  group. 

B.  In  glycol  and  glyoxal,  the  two  carbons  in  each  compound  hold  the 
same  groups,  hence  are  dassified  together. 
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2.  The  relationship  of  the  potassium  hydroxide  concentration  to  the 
amount  of  the  oxidation  products  of  group  A  is  markedly  different  from 
the  relation^p  which  it  bears  to  the  oxidation  products  of  the  compounds 
of  group  B.  The  logarithms  of  the  weights  of  the  oxidation  products 
of  group  A  are  (with  the  possible  exception  of  glycoUic  add)  linear 
functions  of  the  logarithms  of  the  potassium  hydroxide  concentration  em- 
ployed. The  amounts  of  the  oxidation  products  of  group  B  are  linear 
functions  of  the  potassitun  hydroxide  concentration.  Ethyl  alcohol  would 
be  in  group  A  for  in  this  compound  dissimilar  groups  are  attached  to  the 
two  carbon  atoms. 

3.  In  Pig.  8  the  amotmts  of  oxalic  acid  and  carbon  dioxide  which  are 
obtained  by  the  oxidation  of  Vio  the  molecular  weight  of  glycollic  alde- 
hyde at  various  concentrations  of  potassium  hydroxide  are  plotted.  The 
experimental  points  on  this  line  are  drded.  In  this  same  graph  the 
points  within  the  squares  represent  the  figures  given  in  Col.  9  of  acetalde- 
hyde  Table  I  for  50®.    It  may  be  seen  by  reference  to  the  description 
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Fig.  13. 

of  the  method  for  deriving  these  figures  that  they  represent  the  weights 
of  oxalic  add  which  are  produced  by  the  oxidation  of  Vio  of  the  molecular 
weight  of  the  substance  which  is  oxidized  to  oxalic  add  and  carbon  diox- 
ide during  the  alkaline  oxidation  of  acetaldehyde.  As  may  be  seen  the 
points  within  the  squares  Ue  on  the  same  straight  line  as  the  points  within 
the  drdes.  This  means  that  the  potassium  hydroxide  has  the  same 
effect  on  the  intermediate  compound  formed  in  the  alkaline  oxidation  of 
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acetaldehyde  as  it  does  upon  glycolUc  aldehyde  when  the  latter  com- 
pound is  oxidized  in  alkaline  solution  with  potassium  permanganate. 
This  identity  of  efifect  may  be  shown  in  another  way.  If  g^ycoUic  alde- 
hyde is  the  intermediate  product  in  the  oxidation  of  acetaldehyde  then 
the  equations  which  were  derived  for  the  production  of  oxalic  add  and 
carbon  dioxide  from  the  intermediate  product  should  hold  true  for  the 
production  of  these  compotmds  from  gl)rcollic  aldehyde.  The  equations 
derived  for  50®  were  as  follows: 

Zo  =  2.87  X^iw  (,) 

Z,  =  6.5  X-«-i«  (2) 

where  Zo  is  the  weight  of  the  oxalic  add;  Z^,  the  wdght  of  the  carbon 
dioxide;  and  X,  the  weight  of  the  potassium  hydroxide  per  liter. 

The  correlation  of  the  wdghts  of  the  oxidation  products  obtained  from 
glycollic  aldehyde  experimentally  and  those  calculated  by  means  of  the 
two  above  equations  is  shown  in  the  following  table: 

Tabls  VIII. — Glycoluc  Aldbhydb  OxmATicm.     Results-  Calculated  and 

Observed. 

G.  of  oxalic  add.  O.  of  carbon  dioxide. 


Value  oC 
X  G.  per  1. 

By  expt. 

By  calculation. 

By  expt. 

By  calculation. 

1.2 

3.00 

2.97 

6.19 

6.30 

2.5 

3.45 

3.40 

5.53 

5.60 

4.8 

3.90 

3.83 

5.00 

5.02 

13   0 

4.57 

4.60 

4.30 

4.2s 

This  shows  that  these  equations  do  express  within  the  limits  of  experi- 
mental error  the  relationship  of  the  alkali  concentration  to  the  amounts 
of  oxidation  products. 

This,  then,  is  strong  evidence  in  favor  of  the  theory  of  Nef  and  Denis 
that  glycollic  aldehyde  is  an  intermediate  compound  formed  in  the  alkaline 
oxidation  of  acetaldehyde  with  potassium  permanganate. 

McLeod^  has  shown  that  vinyl  alcohol  molecules  are  present  in  a  solu- 
tion of  acetaldehyde  as  soon  as  a  concentration  of  0.1%  of  alkali  is 
attained.  It  is  shown  in  Part  I  that  the  oxidation  of  acetaldehyde  to 
acetic  add  is  not  quantitative  when  the  potassium  hydroxide  concentra- 
tion is  greater  than  about  0.1%.  That  is,  oxalic  add  and  carbon  dioxide 
begin  to  be  formed  by  the  alkaline  oxidation  of  acetaldehyde  as  soon  as 
the  alkali  concentration  reaches  a  point  which  is  aj^roximatdy  the  same 
as  that  which  McLeod  has  shown  to  be  the  concentration  at  which 
the  formation  of  vinyl  alcohol  mdecules  first  occurs.  The  present  paper 
also  shows  that  potassium  hydroxide  concentration  has  the  same  effect 
upon  the  intermediate  compound  in  the  oxidation  of  acetaldehyde  as  it 
does  upon  glycollic  aldehyde,  and  that  it  behaves  in  an  entirely  different 
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manner  upon  the  other  two  carbon  atom  compoimds  which  have  been 
studied. 

4.  It  may  be  seen  by  reference  to  the  tables  that  the  maximum  amount 
of  oxalic  add  produced  by  the  oxidation  of  Vio  the  molecular  weight  of 
glyoxal  is  the  same  as  the  maximum  amotmt  produced  by  the  oxidation 
of  ^/lo  the  molecular  weight  of  potassium  glycoUate.  A  concentration  of 
45'5  ^'  ^i  potassium  hydroxide  per  Uter  is  required  in  the  case  of 
glyoxal  while  in  the  case  of  potassium  glycollate  less  than  one  gram  is 
required. 

Glyoxal  on  being  boiled  in  aqueous  solution  is  converted  into  glycollic 
add.  Benzoyl  formaldehyde  does  not  tmdergo  the  benzilic  add  rearrange- 
ment in  hot  water,  but  in  cold  alkaline  solutions  this  change  takes  place 
with  such  remarkable  speed  to  form  mandelic  add  that  Pehling's  solution 
is  unaffected  by  this  keto-aldehyde.  The  effect  of  the  alkali  on  glyoxal 
is  to  cause  this  compound  to  undergo  the  benzilic  add  rearrangement  to  gly- 
collic add.  Consequently,  the  amount  of  oxalic  add  produced  by  the 
oxidation  of  glyoxal  should  be  the  same  as  the  maximum  amount  pro- 
duced by  the  oxidation  of  glycollic  add. 

5.  The  effect  of  the  alkali  concentration  cm.  the  production  of  oxalic 
add  and  carbon  dioxide  from  glycol,  glycollic  aldehyde,  glyoxal,  glycollic 
add  and  glyoxalic  add  under  the  conditions  of  these  experiments  is  seen 
to  be  widely  different  within  certain  limits  in  the  compounds  studied. 
Considerable  light  is  shed  on  the  course  of  the  oxidation  of  these  com- 
pounds when  the  relationships  of  the  graphs  are  studied. 

A.  Glycol. — The  production  of  oxalic  add  and  carbon  dioxide  from 
glycol  readies  a  constant  value  when  the  concentration  of  the  alkali  is 
3  g.  per  liter;  from  glycollic  add  at  a  concentration  lower  than  that  for 
glycol;  from  glyoxal  at  a  concentration  of  46  g.  per  liter. 

Nef,^  made  a  study  of  the  behavior  of  certain  glycols  and  glycerol 
towards  alkalies  alone  and  towards  alkaline  oxidizing  agents.  He  found 
that  hydrogen,  ethyl  alcohol,  carbon  dioxide,  formic  add,  acetic  add  and 
glycolUc  add  were  obtained  by  heating  a  mixture  of  ethylene  glycol  and 
sodium  hydroxide  for  2.5  hours  at  230**  to  285**.*  As  noted  above  glycol 
reacts  with  aqueous  solutions  of  alkalies  containing  lead  peroxide  giving 
hydrogen  as  one  of  the  products.  This  result  in  aqueous  solution  is  in 
harmony  with  the  pyrogenic  decomposition  of  glycol.' 

The  presence  of  carbon  dioxide  in  our  experiments  with  glycol  and  also 
those  of  Glaser  and  Morawski*  can  be  readily  explained  on  the  assumption 

*  Ann,,  335,  279  (1904). 

•  Of.  Wnrtz,  Ann,  chim,  phys,,  (3]  55,  417,  477  (1859). 
^Loc.cU, 
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of  the  intermediate  formation  of  glycoUic  aldehyde  which  is  immediately 
dissociated  into  two  molecules  of  formaldehyde,^  i.  e,, 

(a)  CH2OH.CH2OH  — >-  CHiOH.CHO  — >-  2CH1O. 
In  harmony  with  Nef 's  views  to  the  effect  that  the  metallic  salts  of  the 
alcohols  dissociate  at  lower  temperatures  than  the  alcohol  itself,  it  is 
evident  that  as  the  concentration  of  the  alkali  increases  in  these  oxida- 
tions, the  tendency  of  the  glycol  would  be  towards  the  formation  of  gly- 
oxal,  t.  e,, 

CHjOH.CHtOH  — ►  CHO.CHO  +  2HOH. 
As  we  have  repeatedly  pointed  out,  glyoxal  is  converted  to  glycollic  add 
even  in  the  cold  in  aqueous  alkalies.    This  reaction  is  so  rapid  in  Pehling's 
solution  that  no  reduction  whatsoever  takes  place.^ 

If  glycol  reacts  to  give  compounds  which  3deld  carbon  dioxide  on  oxida- 
tion, and  furthermore  if  glycol  reacts  to  give  glycollic  add  as  an  inter- 
mediate compotmd,  then  it  follows  since  glycol  and  glyodlic  add  are  both 
oxidized  to  carbon  dioxide  and  oxalic  add  under  the  same  conditions,  the 
yield  of  carbon  dioxide  should  be  greater  and  that  of  the  oxalic  add  should 
be  less  than  the  yidd  of  these  two  compounds  would  be  from  glycollic 
add.  That  this  explanation  of  the  oxidation  of  glycol  is  the  correct  one 
is  very  evident  from  Figs.  6  and  10. 

The  only  glyoxal  which  we  had  at  otu*  disposal  was  that  obtained  from 
the  sodium  add  stdfite  compound  obtained  from  Slahlbaum.  Harries  and 
Temme'  have  pointed  out  the  existence  of  several  polymerized  forms  of 
glyoxal  which  reduce  Pehling's  solution  while  the  monomoleoilar  variety 
does  not.  Prom  our  general  knowledge  of  the  behavior  of  monomolecular 
glyoxal  and  like  compounds  towards  alkaUes,  it  is  evident  that  Pig.  10 
would  also  be  that  for  monomolecular  glyoxal.  Prom  these  facts  it  is 
obvious  that  Pig.  9  must  be  that  of  one  of  the  polymeric  varieties  of 
glyoxal. 

B.  Glycollic  Acid. — That  glycollic  acid  is  the  intermediate  compound 
in  the  oxidation  of  glycol  which  in  turn  is  oxidized  to  carbon  dioxide  and 
oxalic  add  follows  from  a  consideration  of  Pigs.  10  and  12.  If  glyoxalic 
acid  were  such  an  intermediate  compound  then  the  amounts  of  oxalic  add 
and  carbon  dioxide  produced  would  not  become  constant  at  concentrations 
of  alkali  as  low  as  one  gram  per  Uter.  Glycollic  add  may  be  supposed  to 
react  as  follows: 

(a)  CH2OH.COOH  — ^  H.COOH  +    J>CHOH 

which  would  3ddd  carbon  dioxide,  and 

»  Cf.  Nef,  Ann,,  335,  312  (1904). 

>  Debus,  Ibid,,  zoo,  5  (1856);  Ibid,,  zoa,  20  (1857). 

»  Ber„  40,  165  (1907). 
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\ 

(6)  CHrf)H  J>C(OH) 

I  -^    /\ 

COOH  COOH 

which  on  oxidation  would  give  oxalic  add. 

GlycoUie  Aldehyde. — Since  it  has  been  firmly  established  by  the  above 
work  that  glycollic  aldehyde  is  an  iatermediate  product  ki  oxidation  of 
acetaldehyde  to  oxalic  add  and  carbon  dioxide  it  is  of  the  greatest  interest 
to  trace  the  course  of  this  oxidation  if  possible  to  the  intermediate  com- 
pound just  preceding  the  formation  of  oxalic  add  and  carbon  dioxide. 
Heimrod  and  Levene/  Witzemann*  and  Denis*  explain  the  oxidation  of 
glycollic  aldehyde  on  the  basis  that  this  compound  is  oxidized  to  glyoxal 
and  this  in  turn  to  oxalic  add,  i.  e,, 

J — ►  CHfOH.COOH  — ►  COOH.COOH. 
CH1OH.CHO  — ►  CHO.CHCXf 

^ — ►  COOH.COOH 

If  glyoxal  is  formed  in  the  alkaline  oxidation  of  glycollic  aldehyde,  then 
the  intermediate  formation  of  glycollic  add  is  to  be  expected  by  the 
reaction  of  glyoxal  with  alkalies. 

A  second  possibility  is  that  the  alcohol  and  the  aldehyde  group  of  gly- 
collic aldehyde  undergo  simultaneous  oxidation  with  the  formation  of 
glyoxalic  add.  A  third  possibility  is  that  the  aldehyde  group  of  glycollic 
aldehyde  is  oxidized  to  a  carboxyl  group  with  the  formation  of  glycollic 
add.  The  experimental  evidence  presented  in  this  paper  does  not  offer 
condusive  evidence  as  to  the  exact  cotu'se  of  the  reaction  in  the  alkaline 
oxidation  of  glycollic  aldehyde. 

Sunmiary. 

1.  The  production  of  oxalic  add  and  carbon  dioxide  from  glycol  and 
polymeric  glyoxal  in  the  alkaline  oxidation  with  potassitun  permanganate 
is  a  linear  function  between  certain  definite  limits  of  the  potassium  hydrox- 
ide concentration  in  the  oxidizing  media. 

2.  The  logarithm  of  the  production  of  oxalic  add  and  carbon  dioxide 
from  glycollic  aldehyde  and  glyoxalic  add  (and  probably  from  glycollic 
add)  is  a  linear  function  between  certain  limits  of  the  logarithm  of 
the  potassium  hydroxide  concentration  in  the  oxidizing  media. 

3.  Very  strong  experimental  evidence  is  given  to  show  that  glycollic 
aldehyde  is  formed  as  an  intermediate  product  in  the  alkaline  oxidation 
of  acetaldehyde  with  potassium  permanganate. 

4.  Evidence  is  presented  to  show  that  potassium  permanganate  in 
alkaline  solution  oxidizes  the  two  carbon  alcohols,  aldehydes  and  adds 
according  to  the  following  scheme: 

*  Biochem.  Z„  2%  31  (1910). 
'  Tms  Journal,  Z9t  2657  (1917)* 
>  Am.  Ckem.  J.,  38,  568  (1907). 
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CH,CH,OH     — ►     CH,CHO     — ►     CH,COOH 


CHO 

I      X 

COOH 
Columbus,  Ohio. 


ETHYLENE  CHLOROHYDRIN  AND  ftjS-DICHLOROETHYL- 
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Received  June  21,  1919. 

Within  a  few  days  after  the  so-called  "mustard  gas"  was  introduced  as 
a  means  of  offence  in  warfare  (July  12-13,  I9i7)»  i*  was  definitely  iden- 
tified as  /3,i8-dichloroethylsulfide.  There  was  reason  to  believe  that  it 
had  been  manufactured  from  ethylene  chlorohydrin,  according  to  the 
method  described  some  30  years  previously  by  V.  Meyer.*  A  second 
possible  method, — the  reaction  between  ethylene  and  the  mono-  or  di- 
chloride  of  sulfur, — was  also  given  some  consideration,  but  on  the  basis 
of  preliminary  experiments  in  several  laboratories,  was  not  looked  upon 
at  that  time  as  promising.' 

The  directions  in  the  literature  for  the  preparation  of  dichloroethylsul- 
>  This  article  has  been  approved  for  publication  by  the  Director  of  the  Chemical 
Warfare  Service.  The  experimental  work  was  done  at  the  Chemical  Laboratory,  Uni- 
versity of  Michigan,  tmder  the  auspices  of  the  Bureau  of  Mines,  War  Gas  Investiga- 
tions. The  results  were  reported  to  the  Bureau  of  Mines  in  three  reports — ^March  9, 
April  8,  and  June  28,  1918. 

*  Ber,,  19,  3260  (1886). 

•  In  the  light  of  subsequent  and  the  more  recent  events,  it  seems  almost  certain 
that  Guthrie  actually  did  have  in  his  hands  some  dichloroethylstdfide,  as  a  result  of  his 
experiments  with  this  reaction.  He  says:  "Its  smell  is  pungent  and  not  unpleasant, 
resembling  that  of  oil  of  mustard;  its  taste  is  astringent  and  similar  to  that  of  horse- 
radish. The  small  quantities  of  vapor  which  it  diffuses  attack  the  thin  parts  of  the 
skin,  as  between  the  fingers  and  around  the  eyes,  destroying  the  epidermis.  If  allowed 
to  remain  in  the  liquid  form  on  the  skin,  it  raises  a  blister."  (Quart  J.  Chem,  Soc„ 
la,  117  (i86o).) 
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fide  from  chlorohydrin  seemed  sufficiently  explicit  to  furnish  the  basis  of 
a  reliable  technical  process.  The  reactions  are  as  follows:  (i)  Ethylene 
chlorohydrin,  in  solution,  reacts  with  sodium  sulfide  and  gives  dihych-oxy- 
etfaylsulfide  in  good  yields;  (2)  this  product,  harmless  in  itself,  gives  the 
highly  toxic  dichloroethylsulfide  when  treated  with  phosphorus  penta- 
chloride  (V.  Meyer)  or  with  cone,  hydrochloric  add.^ 
2HOCH,CH,Cl  +  Na^  =  HOCHaCH,  —  S  —  CHjCHjOH  +  2NaCl. 

(HOCH^H,),S  +  2HCI  =  ClCHjCH,  —  S  —  CH,CHtCl  +  2H,0. 
The  fundamental  difficulty  was  how  to  get  the  chlorohydrin  itself.  The 
methods  in  the  current  scientific  literattue  for  the  preparation  of  this 
substance  seemed  wholly  inadequate  for  a  techniod  process.  These 
methods  fall  within  two  classes:  (a)  the  addition  of  hypochlorous  acid 
to  ethylene,*  (6)  the  action  of  sulftu:  monochloride,'  of  hydrochloric  add,* 
or  of  chlorine*  upon  pure  ethylene  glycol.  For  the  preparation  of  chloro- 
hydrin merely  on  a  laboratory  scale  it  has  been  f otmd  more  desirable  to 
use  pure  ethylene  glycol, — in  itself  not  readily  obtainable, — as  the  start- 
ing point,  and  this  is  the  method  usually  recommended.  But  from  the 
practical  standpoint,  for  a  technical  method,  the  hypochlorous  acid  addi- 
tion reaction  seemed  to  oflfer  more  promise,  notwithstanding  the  discour- 
aging facts  that  alkaline  hypochlorites  as  such  are  known  to  have  no 
action  on  ethylene,  that  free  hypochlorous  acid  can  only  be  prepared  in 
solutions  from  i  to  3%,  and  that  the  best  yield  of  chlorohydrin  by  this 
reaction  was  known  to  be  only  about  30%  of  the  theoretical  amount 
(Butlerow). 

The  most  feasible  sotu'ce  of  hypochlorous  add  for  technical  operation 
was  deemed  to  be  bleaching  powder.  It  was  suggested,  in  various  reports 
from  abroad  that  ethylene  cotild  be  passed  into  a  suspension  of  bleaching 
powder  in  water,  and  dil.  mineral  add,  or  carbon  dioxide  under  pressure, 
could  be  used  to  liberate  h)rpochlorous  acid  at  the  rate  that  the  latter  is 
being  used  up  by  the  ethylene.  Whether  chlorohydrin  has  actually  been 
made  by  the  above  method  on  a  technical  scale,  the  writer  does  not  know. 
Our  own  experience  in  this  direction  on  laboratory  scale  gave  poor  yields 
of  chlorohydrin. 

In  view  of  the  many  difficulties  connected  with  the  use  of  bleaching 
powder,  several  investigators  independently  of  each  other  attempted  to 
utilize  as  the  source  of  hypochlorous  add  the  solution  of  chlorine  in  water, 
t.  e.,  bringing  chlorine  and  ethylene  into  reaction  in  presence  of  water. 
As  is  well  known,  the  reaction  between  chlorine  and  water  yidds  but  very 

*  H.  T.  Clarke,  /.  Chem,  Soc,,  xoi,  1583  (1912). 

*  Carius,  Ann.,  136,  197  (1863);  Butlerow,  Ibid.,  144,  42  (1867). 

'  Carius,  Ibid.,  124,  257  (1862};  Pittig  u.  Str5m,  Ibid.,  367,  191  (1892). 

*  Ladenburg,  Ber.,  16,  1407  (1883). 

*  Dondu,  Monatsh.,  x6,  3  (1895}. 
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little  hypochlorous  add.  This  is  due  not  merely  to  the  inherent  prone- 
ness  of  the  add  towards  decomposition  with  liberaticm  of  oxygen,  but 
even  more  so  to  the  presence  of  the  hydrochloric  add. 

CI2  +  H2O  ::;::^  hci  +  hoci. 

The  equilibrium  is  thus  very  much  on  the  left-hand  side  of  the  equation. 
Consequently,  it  was  generally  assumed  that  since  the  amount  of  hypo- 
chlorous  add  as  compared  with  the  amount  of  free  chlorine  must  at  best 
be  but  small,  the  tendency  would  therefore  be  greater  towards  the  forma- 
tion of  ethylene  chloride  rather  than  of  chlorohydrin. 

CHarCHa  +  HOCI  =  HOCHa.CHaCl. 

CHa:  CHa  +  CI2  =*  ClCHa.CHaCl. 
Various  procedures  were  suggested  in  order,  presumably,  to  obviate, 
or  to  overcome  this  difficulty.  Some^  have  proposed  to  pass  ethylene 
and  chlorine  into  a  solution  of  sodium  borate, — the  borax,  through  its 
interaction  with  the  hydrochloric  add,  should  keep  down  the  hydrogen 
ion  concentration;  sodium  hydroxide  is  added  at  intervals  in  order  to 
bring  back  into  solution  the  boric  add  which  has  separated.  Others  have 
used  copper  oxy-chloride,  alternately  saturating  the  solution  with  chlorine 
and  with  ethylene,  catalytic  influence  being  claimed  as  additional  advan- 
tage for  the  copper  salt.^  Some'  have  proposed  to  pass  the  imsaturated 
hydrocarbon  into  an  aqueous  bath  in  which  "chlorine  or  hypochlorous 
add  is  generated  electrolytically."  Others*  have  carried  on  the  reaction* 
between  ethylene  and  chlorine  in  presence  of  steam,  or  at  temperatures 
sUghtly  tmder  100°,  introducing  tiie  two  gases  simultaneously  or  alter- 
nately. Obviously,  of  the  procediu-es  mentioned  above,  only  those  that 
employ  borax  or  copper  oxychloride  actually  tend  to  depress  the  hydrogen 
ion  concentration'  and  thus  do  aflfect  the  equilibrium  in  favor  of  the 
hypochlorous  acid,  and,  presumably,  in  favor  of  chlorohydrin.  But,  as 
will  be  shown  in  this  paper,  the  accumulation  of  the  sodium  chloride  in 
solution  is  more  harmful  than  that  of  hydrochloric  add  and  is  distinctly 
detrimental  to  the  favorable  progress  of  the  reaction.  The  procedures 
based  upon  the  interaction  of  ethylene,  chlorine  and  water  at,  or  near  to, 
100**  can  hardly  favor  the  reaction  between  chlorine  and  water  in  favor 
^  J.  B.  Conant,  in  report  to  the  Bureau  of  Mines.  Williamson,  in  1845,  used  di- 
sodium  add  phosphate  (Ann.,  54,  133  (1845)). 

*  J.  C.  Irvine,  of  St.  Andrews  University,  in  report  at  Bureau  of  Mines. 
» McBhx)y,  U,  S.  pat.  1,253,615,  C,  A.  la,  702  (1918). 

*  B.  P.  Kohler,  in  report  to  the  Bureau  of  Mines;  McElroy,  U.  S.  pat.  1,253,616, 
C.  A,  12,  703  (1918);  Commerc.  Research  Co.,  Br.  pats.  113,954  and  113,955,  C.  A.,  12, 
1469  (1918);  Bldred,  Can.  pat.  186,634,  C.  A.,  xa,  2325  (1918). 

*  It  must  not  be  forgotten  that  by  the  use  of  those  bases  which  produce  soluble 
chlorides  the  concentration  of  the  hydrogen  ion  is  depressed,  but  not  that  of  the  chlorine 
ion.  Hence,  the  improvement  due  to  the  use  of  such  bases  is  limited.  See  Jakowldn, 
Z.  physik.  Chem.,  39,  613  (1889). 
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of  hypochlorous  add.  In  all  probability  they  give  lower  yields  of  chloro- 
hydrin, — the  hypochlorous  acid  is  less  stable  at  that  temperature,  the 
ethylene  is  less  soluble,  etc.  The  surmised  advantage  of  such  methods 
is  that  chlorohydrin  is  being  removed  from  its  dil.  aqueous  solution  as  soon 
as  produced,  by  virtue  of  the  fact  that  it  tends  to  form  with  water  a  con- 
stant boiling  mixtiure  possessing  a  low  boiling  point,  as  will  be  shown 
further  on.  But  chlorohydrin  of  itself  is  of  least  influence  as  a  factor  in 
depressing  the  concentration  of  the  desired  product  attainable  in  this 
reaction,  which  also  will  be  shown  later. 

The  premises  which  the  writer  used  for  the  working  out  of  his  pro- 
cedure were  of  somewhat  different  nature  from  those  as  above  described.^ 
They  were  suggested  by  the  excellent  paper  by  John  Read  and  Margaret 
M.  WiUiams,*  on  the  action  of  bromine  water  on  ethylene.  Substituting 
chlorine  for  bromine  we  can  express,  as  they  have  done,  the  relationship 
between  water,  chlorine  and  ethylene  schematically  in  the  following 

™^^^^^-  HOH  +  CI2  :;zt  HOC!  +  HCl 

i     i 

QHjCls  Cai4(0H)Cl 

In  other  words,  the  principal  factor  which  is  Ukely  to  determine  the 
ratio  of  ethylene  chloride  to  chlorohydrin  must  he,  after  all,  in  the  relative 
velocities  of  the  two  reactions, — between  ethylene  and  chlorine  on  the 
one  hand,  and  between  ethylene  and  h)rpochlorous  acid  on  the  other. 
In  case  the  second  reaction  occurs  with  greater  velocity  than  the  first, 
then  we  should  be  dealing  with  a  case  of  mobile  equiUbrium,  and  the  prin- 
cipal product  would  be  chlorohydrin, — provided  that  care  be  taken  to 
maintain  stirring,  so  that  ethylene  reacts  c«ily  with  the  chlorine  in  solu- 
tion and  not  with  the  gaseous  chlorine.  Experiments  proved  that  such 
is  actually  the  case.  Very  Uttle  ethylene  chloride  is  produced  tmtil  a  con- 
centration of  6  to  8%  of  chlorohydrin  has  been  attained. 

A  brief  study  has  been  made  of  some  factors  which  influence  the  rate 
of  chlorohydrin  formation,  the  concentration  of  chlorohydrin  attainable, 
also  of  the  practical  means  of  separating  the  chlorohydrin  from  its  aqueous 
solution.  Some  data  concerning  the  preparation  of  /3,/3-dichloroethyl- 
sulfide  from  chlorohydrin,  and  of  unsuccessful  attempts  to  prepare  it  from 
ethylene  chloride,  are  given  at  the  end  of  this  paper. 

I.  Chlorohydrin. 
Ethylene. — ^The  tmsatiurated  hydrocarbon  was  prepared  from  alcohol 
by  the  use  of  aluminum  sulfate  as  the  catalyst.^    The  hydrated  aluminum 

^  None  of  the  above  mentioned  processes  was  known  to  the  writer  at  the  tune  his 
own  work  was  being  done. 

2  J.  Chem.  Soc,  iii,  240  (1917). 

'Sabatier  and  Mailher,  Ann.,  chim.  phys.,  [8]  ao,  300  (1910);  Senderens,  Ibid., 
25.  491  (1912). 
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salt  was  heated  in  an  iron  dish  till  the  water  was  driven  off  The  porous 
residue  was  granulated,  the  larger  lumps  reduced  to  about  Vs  inch  in 
diameter,  and  the  fine  powder  was  removed  by  sifting  through  a  20-mesh 
sieve.  The  granular  salt  was  placed  in  a  30-inch  brass  tube  through  a 
length  of  about  25  inches,  and  the  tube  placed  in  an  electrically  heated 
furnace.  The  alcohol  was  led  into  the  tube  in  the  form  of  vapor,  previous 
preheating  of  the  vapor  having  been  found  to  be  without  advantage  in 
our  small  scale  experiments.  The  issuii^  gases  were  passed  through  a 
condenser  and  receiver  and  collected  as  usual  over  water.  Best  results 
were  obtained  with  a  temperature  of  420  to  460^.  The  yield  of  ethylene 
varied,  60  to  80%  of  the  calculated  amount  being  produced.  The  ethylene 
is  95  to  97%  pure.  The  aluminum  sulfate  gradually  becomes  reduced 
and  at  the  same  time  coated  with  a  layer  of  carbon,  but  on  reheating  in 
the  furnace  and  passing  air  over  it,  the  catalyst  becomes  white  and  re- 
sumes its  former  activity. 

Procedure. — ^From  one  to  three  liters  of  water  was  placed  in  a  wide- 
mouth  bottle  which  was  provided  with  a  tightly  fitting  stopper  with  4 
holes.  One  opening  carried  a  glass  tubing  for  the  introduction  of  ethylene ; 
the  second,  for  the  introduction  of  chlorine;  the  third  is  for  an  efficient 
stirrer,  and  the  fourth  carried  a  tube  for  connection  with  a  trap,  in  order 
to  indicate  whether  any  uncombined  gas  was  escaping, — ethylene  or 
•  chlorine,  and  also  for  the  purpose  of  carrying  on  the  reaction  under  slight 
pressure  when  this  was  desired.  The  rate  at  which  the  gases  were  intro- 
duced was  carefully  noted,  and  the  relative  quantities  of  each  were  so 
regulated  that  practically  no  gas  left  the  reaction  chamber.  The  ethylene 
was  kept  just  enough  in  excess  over  chlorine  to  keep  the  solution  colorless. 
At  the  end  of  the  experiments  the  aqueous  solution  was  separated  from 
the  ethylene  chloride  if  any  had  been  formed,  and  the  amount  of  chloro- 
hydrin  in  solution  was  carefully  determined  in  an  aliquot  portion.  The 
method  of  estimation  is  based  upon  the  difference  between  the  indices  of 
refraction  of  water  (1.333)  and  pure  chlorohydrin  (1.442).  The  indices  of 
refraction  of  known  concentrations  of  chlorohydrin  were  determined  in  an 
Abbe  refractometer,  and  plotted,  the  result  being  a  straight  line.  In 
order,  therefore,  to  determine  the  quantity  of  chlorohydrm  in  a  given 
solution,  some  of  the  latter  is  carefully  neutralized  with  sodium  carbonate 
and  distilled.  From  the  index  of  refraction  of  the  distillate,  previously 
diluted  in  order  to  throw  out  any  ethylene  chloride  that  might  be  present 
in  solution,  the  per  cent,  of  chlorohydrin  in  the  distillate  is  read  off  at  once. 
The  method  is  rapid  and  readily  accurate  within  0.5%. 

Rate  of  Formationi  and  the  Concentration  Attainable.— The  rate  at 
which  the  gases  could  be  introduced  was  found  to  depend  very  much 
upon  the  efficiency  of  the  stirring  arrangement.  At  the  outset  of  the 
operation  they  were  often  passed  in  at  the  rate  of  20  to  25  liters  each 
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per  hour,  the  solution  being  kept  at  about  10  to  12^,  which,  gave  ahnost 
as  good  results  as  o**.  But  such  rates  cannot  be  kept  up  for  long,  and 
with  the  progress  of  the  reaction  the  rate  of  combination  between  the  two 
gases  slows  down.  Up  to  a  concentration  of  chlorohydrin  equal  to  5%, 
and  2.5%  hydrochloric  add,  there  is  hardly  any  ethylene  chloride  being 
formed.  But  when  the  concentration  of  chlorohydrin  has  reached  about 
8%  the  absorption  of  the  reacting  gases  becomes  markedly  slower,  even 
when  employing  vigorous  stirring  and  working  tmder  a  pressure  of  2  to 
3  inches  mercury.  But  by  continuing  to  pass  in  the  gases  at  a  slow  rate 
it  is  possible  to  attain  concentrations  of  chlorohydrin  equal  to  14  to  15%. 
Such  high  concentrations  are  reached,  however,  only  at  the  expense  of 
a  good  deal  of  ethylene,  since  with  the  increase  of  concentration  in  chloro- 
hydrin proportionately  more  and  more  ethylene  chloride  is  produced. 

Salts  of  mercury,  because  of  their  capacity  to  tmite  with  ethylene,  were 
tested  as  possible  favorable  catalysts  for  this  reaction.  The  results,  how- 
ever, did  not  indicate  any  particular  influence  in  this  respect. 

Effect  of  Neutralizing  tiie  Acid. — The  attempt  to  depress  the  amount 
of  hydrochloric  add,  which  might  otherwise  acctunulate  in  the  reaction 
mixture,  by  the  addition  of  powdered  marble  or  predpitated  caldum 
carbonate  resulted  unfavorably.  The  aqueous  solution  soon  became 
saturated  with  carbon  dioxide;  this,  apparently,  greatly  diminished  the 
solubility  of  ethylene,  and  after  a  while  the  reaction  slowed  down  very 
considerably.  Much  better  results  were  obtained  when  the  neutraliza- 
tion was  done  at  intervals  by  successive  small  additions  of  caldum  hy- 
droxide in  amotmts  corresponding  to  the  quantity  of  the  add  formed,  as 
judged  from  the  amotmt  of  ethylene  used  up.  By  this  procedure  solu- 
tions containing  14  to  15%  of  chlorohydrin  were  obtained.  Thus,  the 
neutralization  of  the  add  is  of  little  effect  as  regards  the  concentration  of 
chlorohydrin  attainable.  Nor  was  there  any  evidence  that  the  rate  of 
reaction  was  improved;  on  the  contrary,  it  rather  seemed  as  if  the  rate 
of  combination  was  somewhat  slower  than  when  the  add  was  left  unneu- 
tralized,  which  effect  might  have  resulted  from  the  probable  decrease  in 
solubiUty  of  the  gases  in  water  containing  caldum  chloride,  or  any  other 
salts,  for  that  matter. 

Ratio  between  Chlorohydrin  and  Ethylene  Chloride. — It  was  fotmd 
that  when  the  operation  is  limited  to  the  production  of  only  6  to  8%  of 
chlorohydrin  there  is  comparativdy  little  ethylene  chloride  produced,  from 
o  to  10%.  Higher  concentrations,  particularly  14  to  15%,  are  obtained, 
as  indicated  above,  only  by  using  a  good  deal  of  ethylene,  which 
is  lost  in  the  formation  of  ethylene  chloride.  When  ethylene,  chlorine 
and  water  alone  are  used,  the  by-product  is  hydrochloric  add;  if  this 
add  is  progressivdy  neutralized  with  borax,  sodium  hydroxide,  or  cal- 
dum hydroxide,  the  corresponding  salts  are  produced.    Experimtnts  were 
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carried  out  with  the  object  of  getting  some  idea  as  to  the  influence  which 
these  various  products  exert  on  the  ratio  of  chlorohydrin  to  ethylene 
chloride,  i,  e,,  the  influence  of  chlorohydrin,  of  hydrochloric  acid,  and  of 
the  different  salts.  As  has  been  mentioned,  very  little  ethylene  chloride 
is  ordinarily  produced  when  the  concentration  of  chlorohydrin  is  8%  or 
lower,  i.  e,,  when  the  concentration  is  equal  to  a  N  solution  or  less.  Under 
these  circumstances,  the  concentration  of  the  add,  or  of  the  salts  resulting 
on  its  neutraUzation,  is  approximately  similar.  Obviously,  then,  the  pro- 
nounced influence  of  each  of  the  factors  mentioned  comes  into  play  only 
after  the  normal  concentration  is  reached,  as  not  tmtil  then  does  the  forma- 
tion of  ethylene  chloride  commence  to  be  appreciable.  Accordingly,  the  ex- 
periments were  arranged  in  this  manner:  One  liter  of  water  was  taken, 
chlorine  and  ethylene  passed  into  it,  and  at  intervals  the  content  of  chloro- 
hydrin and  ethylene  chloride  produced  was  determined;  this  was  contin- 
ued tmtil  the  concentration  of  the  former  was  considerably  above  normal. 
Then  experiments  imder  as  nearly  similar  conditions  as  possible  were 
carried  out,  with  water  which  contained,  to  begin  with,  an  amount  of 
chlorohydrin,  or  of  acid,  or  of  the  salts,  to  make  iV  or  2  AT  of  each,  respec- 
tively. The  following  table  gives  the  results  obtained.  The  initial 
strength  of  the  various  solutions,  as  well  as  the  concentration  of  the 

Tablb  I. 

Chlorohydrin  produced.  Ethylene  dichloride.  Ethylene  distribution . 

Concen-      Ethylene  Ethylene     In  chloro-  In  ethyl- 

tration.     consumed.  consumed,     hydrin.       ene  cfalo- 

Solution.  N.  G.  Cc.  G.  %.  ride.    %. 

Water 0.92  25.8  0.0  0.0  100  o 

1.25   .     350  10. o  3.62  91  9 

1.62  45.4  22.0  7.96  85  15 

Chlorohydrin,  iV 0.92  25.8  i.o  0.36  99  i 

Chlorohydrin,  iV 0.54  15. i  0.0  0.0  100  o 

0.63  19.0  3.5  1.27  94  6 

Hydrochloric  acid,  2  iV 0.23  6.44  0.0  0.0  100  o 

0.47  13.20  2.0  0.72  96  4 

0.94  26.40  12.0  4.35  86  14 

Hydrochloric  acid,  2  iV 0.40  11. 2  i.o  0.36  97  3 

0.69  19.3  8.0  2.90  87  13 

Caldnm  chloride,  2  iV 0.46  12.9  7.0  2.53  84  16 

0.75  21.0  17.0  6.15  77  23 

1.04  29.1  36.0  13.00  69  31 

Calcium  chloride,  2  iV 0.40  11. 2  9.0  3.26  77  23 

0.69  19.3  18.0  6.52  75  25 

0.96  26.9  34.0  12.50  70  30 

Magnesium  chloride,  2  iV....     0.43  12. i  3.5  1.27  90  10 

0.66  18.5  18.0  6.52  74  26 

Sodium  chloride,  2  iV 0.46  12.9  14.0  5.07  72  28 

Sodium  chloride,  2  iV 0.36  10.  i  9.0  3.26  76  24 

0.56  15.7  28.0  10.14  61  39 
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chlorohydrin  actually  produced  in  the  experiment,  are  expressed  in  terms 
of  normality  factor. 

Fig.  I  shows  more  graphically  the  influence  exerted  by  the  various 
factors  upon  the  ratio  of  ethylene  consumed  in  chlorohydrin  formation  to 
that  consumed  in  ethylene  chloride  formation. 

It  is  not  safe  to  draw  decided  conclusions  from  so  few  experiments,  but 
the  above  results,  as  far  as  they  go,  seem  to  indicate:  (i)  hydrochloric 
add,  by  itself,  even  when  in  concentration  2  N,  does  not  hinder  the  con- 
version of  ethylene  exclusively  into  chlorohydrin.  But  when  the  concen- 
tration of  the  latter  has  reached  about  3  %  (HCl  =  2.3  N)  ethylene  chlo- 
ride commences  to  be  produced  in  considerable  amoimts.  (2)  Chlorohydrin, 
by  itself,  even  in  N  concen- 
tration, has  no  bad  influence 
upon  chlorohydrin  formation. 
On  the  contrary,  the  presence 
of  some  chlorohydrin  in  the 
solution  at  the  beginning  of 
the  operation,  seems  to  in- 
crease the  speed  of  the  ab- 
sorption of  ethylene.  When, 
however,  in  the  coiurse  of  the 
reaction  the  concentration  on 
chlorohydrin  becomes  about 
2  N,  the  add  at  the  same 
time  becoming  about  N, 
ethylene  chloride  commences 
to  fcMin.  (3)  The  combined 
effect  of  chlorohydrin  and  add 
is  of  far  greater  influence  than 
the  individual  influence  of 
each  would  lead  one  to  ex- 
pect. A  N  concentration  of 
each,  when  simultaneously 
present,  favors  the  formation 
of    ethylene     chloride.      (4) 
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Fig.  I . — Curves  showing  effects  of  acids,  salts,  etc., 
on  the  formation  of  CH,OHCHjCl  and  C1H4CI1. 


Neutralization  of  hydrochloric  add  diuing  the  course  of  the  reaction 
would  appear  to  be  harmful  rather  than  beneficial.  The  salts  thus  pro- 
duced show  a  more  deleterious  effect  than  the  acid  in  chlorohydrin 
formation.  Neutralization  by  caldum  or  magnesium  hydroxide  is  likely 
to  prove  less  harmful  than  by  sodium  hydroxide. 

The  additional  small  amount  of  free  add,  simultaneously  produced 
with  the  chlorohydrin  in  the  course  of  the  tests  with  the  salts,  is  not  taken 
into  account. 
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Thus,  it  would  seem,  that  for  practical  purposes  it  is  not  advisable  to 
go  beyond  7  or  8%  of  chlorohydrin  concentration,  although  very  good 
stirring  may  raise  this  somewhat.  It  also  seems  best  not  to  neutralize 
the  acid  while  the  reaction  is  progressing,  miless  this  becomes  desirable 
in  order  to  prevent  corrosion  of  the  apparatus. 

fractional  Distillation  of  Chlorohydrin  Solutions. — Pure  chlorohydrin  is 
described  in  the  literature  as  possessing  a  boiling  point  between  128**  and 
132  **.  In  our  experience,  chlorohydrin,  known  from  its  analysis  to  be  pure, 
boils  at  128®  to  128.5°,  imder  730-735  mm.  pressiure.  Although  the 
difference  in  the  boiUng  points  of  chlorohydrin  and  water  is  greater  than 
that  of  water  and  alcohol,  yet  in  the  past  the  separation  of  dilorohydrin 
from  water  by  fractional  distillation  was  not  attempted,  for  the  reason, 
presumably,  that  chlorohydrin  was  believed  to.  distil  all  with  the  water. 
Carius'  early  observation^  that  chlorohydrin  distils  over  with  the  first 
portions  of  the  water,  has  apparently  never  been  utilized  by  subsequent 

workers.  That  statement  is  correct 
only  when  the  concentration  of  chloro- 
hydrin is  within  certain  limits,  as  will 
be  shown  below.  We,  too,  found  that 
with  10  to  15%  solutions  of  chloro- 
hydrin, the  hydrin  distils  over  almost 
wholly  with  the  first  half  of  the 
water,  the  thermometer  usually  in- 
dicating 98**  to  99®.  But  when  the 
distillate  was  collected  in  small  frac- 
tions and  these  were  examined  with 
the  refractometer,  we  fotmd  that  the 
first  fractions  were  richest  in  chloro- 
hydrin, the  strength  rapidly  dropping 
off  as  the  distillation  proceeded. 
From  a  series  of  experiments  it  was 
^  i  it  determined  that  chlorohydrin  and 
water,  in  the  proportion  of  42.5%  of 
the  former  and  57.5%  of  the  latter, 
make  a  constant  boiling  mixture 
which  boils  at  95.8**  under  735  mm.  (Fig.  2).  Consequently,  when  a 
solution  richer  than  the  constant-boiling  mixtiu^  is  distilled,  the  latter 
comes  over  first,  and  almost  pure  chlorohydrin  tovrards  the  last  (Fig.  3, 
50%  Solution).  On  the  other  hand  with  solutions  poor  in  chlorohydrin 
content,  the  very  first  fractions  on  distillation  will  tend  to  approach  in 
their  composition  the  constant  boiling  mixtiu'e,  and  will  consequently  be 
the  richest.  This  was  verified  on  concentrations  of  5,  10  and  15%  of 
*  Ann.,  ia6,  198  (1863). 


" 

^ 

— 

.... 

« 

m 

9    i 

0  -i 

B      i 

0     r 

t     1 

t     c 

9     f 

I — ii 

WKItNT  M  «irM«  or  Bl»TIU.ATC 

Fig.  2. — Constant-boiling  mixture. 
Original  concentration,  43.7%. 
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cblorohydrm,  respectively  (Fig.  4).  It  is  apparent  that  the  more  dilute 
the  solution  is,  the  greater,  relatively,  is  its  tendency  to  enrich  itself  in 
the  first  fractions  on  distillation.  By  the  time  Va  of  the  total  original 
solution  had  distilled,  it  carried  over  80%,  and  more,  of  all  the  chloro- 
hydrin,  and  the  con- 
centration in  jthis  dis- 
tillate was  now  al- 
most double  that  of 
the  original  solution. 

It  should  be  men- 
tioned that  J.  C.  Ir- 
vine^ arrived  at  simi- 
lar conclusions,  based 
upon  similar  findings. 
He,  too,  employed 
the  refractometer  in 
the  course  of  distilla- 
tion of  aqueous  solu- 
tions of  chlorohydrin. 

Effect  of  Hydro- 
chloric Acid  and  of 
Salts  upon  the 
Course  of  the  Dls- 
tillation.— When 
chlorohydrin  is  pre- 
pared as  described, 
there  is  produced  as  a 
by-productan  equiva- 
lent amount  of  hydro- 
chloric  add,   or,    if 
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Fig.  3. — Curve  for  50%  solutioiL 


progressively  neutralized,  an  equivalent  amount  of  some  salt.  The  separa- 
tion of  chlorohydrin  from  the  add  solution  can  be  accomplished  through 
fractional  distillation  just  as  readily  as  from  a  neutral  solution,  and  neu- 
tralization of  the  add  is  not  necessary  unless  it  be  desirable  to  avoid  the 
corrosive  action  of  the  add  upon  the  distillation  vessd. 

The  refractive  indices  of  dil.  hydrochloric  add  solutions  are  almost 
identical  with  those  of  chlorohydrin  when  of  the  same  molecular  concentra- 
tions. Also,  the  refractive  index  of  a  mixture  consisting  of  add  and  chloro- 
hydrin is  an  additive  quantity,  as  we  found  by  experiment.  Consequentiy, 
by  determining  in  the  course  of  a  fractional  distillation  the  refractive  in- 
dices of  the  fractions  on  the  one  hand,  and  by  titration  the  add  content  on 
the  other  hand,  one  may  follow  the  progress  of  separation  of  chlorohydrin 
^  Report  at  the  Bureau  of  Mines. 
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from  acid  by  distillation.  In  the  following  experiment  25  cc.  ot  2  N 
chlorohydrin  solution  was  mixed  with  25  cc.  of  2  N  hydrochloric  acid,  the 
resulting  mixture  approximating  what  is  usually  obtained  in  actual  prac- 
tice, i.  e.f  a  solution  containing  about  8%  of  chlorohydrin.  The  mixture 
was  distilled,  using  an  ordinary  fractionating  column  with  3  bulbs,  and  the 
distillate  was  collected  in  9  fractions. 

Tabi^  II. 

Add.  Chlorohydrin. 


Fraction. 

I 

2 

3... 
4.... 
5... 


Weight. 
G. 

.  5.9 
.      8.1 

■  5.1 
.  6.0 
.      5.0 

50 
.      50 

51 
.       2.8 


Rcfr. 
index. 


.361 

.3486 

.343 

339 
.337 

335 
•337 
.373 
.3776 


Cc. 
OAN. 

0.00 

0.03 

0.03 

0.00 

0.00 

0.03 

3-8 

57.8 

312 


Combined 
%  of  total. 


3.3 
514 
80.1 


G. 

1.52 
1. 16 
0.47 
0.33 
0.185 
0.05 
0.05 


Concentra- 
tion in  %. 

257 

9.2 
5-5 
3.7 
i.o 
i.o 


Combined 
%  of  total. 

403 

71. 1 

83.5 

92.3 

97.3 

98.4 

100. 0 


Fig.  5  shows  in  a  very  striking 
manner  how  readily  and  completely 
chlorohydrin  may  be  distilled  from 
the  dil.  hydrochloric  acid  solution, 
leaving  all  the  acid  behind. 

As  to  the  effect  of  salts,  experiments 
have  shown  that  a  solution  containing 
5%  of  chlorohydrin  and  only  an  equiv- 
alent amount  of  sodiiun  or  calcitmi 
chloride  is  but  slightly  affected  by  the 
presence  of  the  latter.  But  in  a  10% 
solution  the  influence  becomes  appar- 
ent after  the  first  Vio  of  the  solution 
has  distilled  over,  and  is  quite  appre- 
ciable after  the  first  Vs  has  gone 
over.  Again,  if  such  a  solution  is 
n,o  saturated  with  calcium  chloride,  the 

first  fraction  of  the  distiUate,  which  is 
I^g.4.-Superimposedcurveof  5%,io%,       ^^   j^   ^^j^^^   ^^j     ^^   ,/    ^j   ^^ 

15%  solutions.  •   •     1       1   4.-  /•  Of     f     u 

original  solution,  contams  95%  of  all 

the  chlorohydrin  originally  present.    In  other  words,  the  10%  solution 

becomes  now  a  30%  solution  of  chlorohydrin  with  practically  no  loss  of 

the  product.     These  facts  are  shown  in  Fig.  6. 

It  is  not  possible  to  get  as  concentrated  distillates  by  saturating  dilute 

solutions  of  chlorohydrin  with  salt  as  when  saturating  with  calcium  chlo- 
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Fig.  5. — Curve  for  fractionation  of  equivalent  parts  of  chlorohydrin  and 

HCl  in  HjO. 

ride,  due  to  the  great  diflference  in  the  solubility  of  the  two  chlorides.    The 


following  examples  show  what  can 
combination  of  the  salts.  About  8 
liters  of  water  was  treated  with  ethyl- 
ene and  chlorine  until  a  7.3%  concen- 
tration of  chlorohydrin  was  produced. 
This  mixture,  9  liters,  was  neutralized 
with  lime  and  distilled  tmtil  4  Uters 
was  collected.  The  distillate  was  now 
saturated  with  salt  and  again  distilled 
and  1600  cc.  collected.  This  distillate 
was  now  saturated  in  the  cold  with 
commercial  calcium  chloride,  and  dis- 
tilled until  one  liter  was  collected. 
The  strength  of  the  final  solution  was 
64%  of  chlorohydrin.  Thus,  by  three 
distillations,  all  the  chlorohydrin  orig- 
inally present  in  9  liters,  was  concen- 
trated into  erne,  with  practically  no 
loss  of  the  product. 

Salting  Out  the  Chlorohydrin.— 
Carius,  in  describing  the  properties  of 
chlordiydrin,   makes   the    statement 


be    accomplished  by  a  successive 


a/'   ^^"^ 

'I   K^ 

I  J^^ 

:  tjt 

c  Vi 

c  ut 

dt 

uir 

J 

f_^_^^_ 

Fig.  6. — Superimposed  curves  of   10% 
solutions,  one  containing  an  equiva- 
lent quantity  of  CaCU,  and  one 
saturated  with  CaCU. 
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that  chlorohydrin  readily  separates  on  the  addition  of  soluble  salts  to 
its  aqueous  solution.  The  statement  is  misleading,  and  this  may 
account  for  the  fact  that,  subsequently,  this  property  has  not  been 
utilized  for  the  separation  of  chlorohydrin.  The  nature  of  the  salt, 
the  concentration  of  the  chlorohydrin,  the  temperature  of  the  solu- 
tion,— each  of  these  constitute  a  very  important  factor  in  this 
operation.  Thus,  with  sodium  chloride,  very  Uttle,  if  any,  chlorohydrin 
is  thrown  out  of  a  solution,  unless  [more  than  16  to  18%  is  present, 
for  water  saturated  at  room  temperature  simultaneously  witib  both 
salt  and  chlorohydrin,  retains  16  to  17  g.  of  the  latter  per  100  cc.  of  liquid. 
By  raising  the  temperature,  more  salt  will  be  dissolved,  but  on  the  other 
hand,  the  solubility  of  chlorohydrin  in  water  increases  also  to  such  an 
extent  that  no  chlorohydrin  is  separated  even  from  a  50%  solution.  If 
now  such  a  solution  is  allowed  to  cool  down  slowly  to  room  temperature, 
an  oil  rich  in  chlorohydrin  will  appear  on  the  top.  It  is  evident,  therefore, 
that  it  would  hardly  be  advisable  to  resort  to  salting  out  chlorohydrin 
with  ordinary  salt,  tmless  the  solution  contains  30  to  35%  of  the  hydrin. 
Under  such  circumstances,  about  V2  of  the  total  separates  as  an  oil  on 
the  surface;  its  composition  is  about  30%  water,  70%  chlorohydrin,  and  it 
carries  7.2  g.  soditun  chloride  per  100  cc.  of  oil. 

Sodium  sulfate  gives  far  more  satisfactory  results  than  sodium  chloride. 
Saturation  with  the  sulfate  at  ordinary  room  temperature  has  very  little 
effect,  but  at  slightly  higher  temperatures,  32  to  33®,  a  great  deal  more 
of  the  sulfate  goes  into  solution.  The  separation  of  the  oil  commences 
when  the  solution  contains  7  g.  of  the  sulfate  per  100  cc.,  and  the  amount 
of  oil  continues  to  increase  until  the  aqueous  solution  is  saturated,  at  that 
temperatm^,  with  the  sulfate,  containing  25  g.  of  it  per  100  cc.  The 
aqueous  solution  is  now  only  about  7%  chlorohydrin,  while  the 
composition  of  the  oil  is  about  68%  chlorohydrin  and  32%  water,  and  it 
carries  only  about  0.65  g.  of  sodium  sulfate  per  100  cc.  of  oil.  Obviously, 
sodium  sulfate  at  32  to  33®  is  decidedly  a  more  suitable  salting  out  agent 
than  sodium  chloride  at  room  temperature. 

The  following  procedtu'e  may  be  employed  when  working  on  a  laboratory 
scale:  After  all  the  chlorohydrin  has  separated  on  saturating  the  solu- 
tion at  32^  with  soditun  sulfate,  the  mixture  is  cooled  down  without  dis- 
turbing the  liquids.  If  now  a  crystal  of  the  salt  is  dropped  in,  crystalliza- 
tion in  the  supersaturated  aqueous  solution  ensues  at  the  point  of  junc- 
tiure  of  the  two  Uquids.  So  dense  is  the  mass  of  crystals  at  the  juncture 
that  the  oil  can  be  decanted  readily,  free  from  contamination  with  the 
lower  layer. 

A  combination  of  the  two  salts  may  be  employed  with  advantage. 
Stopping  sUghtly  short  of  saturation  with  sodium  chloride,  and  then 
finishing  with  just  a  small  amount  of  sodium  sulfate,  all  at  room  temper- 
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ature,  a  satisfactory  separation  may  be  had,  the  aqueous  solution  being 
only  10%  strong  in  chlorohydrin. 

Magnesium  sulfate,  ammonium  sulfate,  aliuninum  sulfate,  were  fotmd 
to  induce  separation;  magnesium  chloride  and  calcium  chloride,  on  the 
other  hand,  proved  inefifective.  The  subject  of  salting  out  deserves  very 
careful  attention,  and  more  work,  of  greater  acctuacy,  needs  to  be  done 
in  this  connection. 

In  addition  to  distillation  and  salting  out,  we  still  have  the  old  stand- 
ard method  of  extraction  with  immiscible  solvents.  On  a  technical  scale, 
benzene  would  offer  decided  advantages  over  ether,  which  has  been  used 
generally  in  the  past  for  the  extraction  of  chlorohydrin  from  its  aqueous 
solutions.  Ethylene  chloride,  the  by-product  in  the  manufacture  of 
chlorohydrin,  could  also  be  employed  for  this  purpose. 

It  is  obvious  that  the  isolation  of  chlorohydrin  from 'its  dilute  aiqueous 
solution,  can  be  accomplished  advantageously  by  a  judicious  combina- 
tion of  all  three  methods, — distillation,  salting  out  and  extraction  with 
immiscible  solvents  in  a  continuous  extraction  apparatus. 

Hydrolysis  of  Chlordiydrln. — ^The  hydrin  is  very  slowly  hydrolyzed 
during  the  distillation  of  its  dilute  solution  in  water.  The  following  data 
give  some  idea  of  this  loss  through  hydrolysis.  A  solution  of  chlorohydrin, 
2.706  N  (21.6%),  was  boiled  under  a  reflux  condenser,  and  the  add  pro- 
duced was  estimated  from  time  to  time. 


Tabl«  III. 

Time,  hxmn. 

Add  concentration,  N, 

%  hydro!  yxed. 

0 

0.0164 

0.0 

I 

0.0452 

1.06 

2 

0.0822 

2.43 

5 

0.1946 

6.60 

10 

0.3330 

12.30 

16  0.441  16.30 

2.  0|jS-Dichloroethylsulfide. 
The  conversion  of  the  hydrin  into  dichloroethylsulfide  involves  only 
two  steps  and  the  employment  of  the  very  simple,  readily  accessible 
materials,  namely,  sodium  sulfide  and  hydrochloric  add. 

ThiodiglycoL — We  found  that  it  was  unnecessary  to  employ  such  a 
large  excess  of  sodium  sulfide  as  was  recommended  by  V.  Meyer  and  by 
H.  T.  Clarke  in  order  to  convert  chlorohydrin  into  ethyl  sulfide. 

2HOCiH4a  +  NaS  «  HCCHaCHj-S  —  CHjCHaOH  +  2NaCl. 
Instead  of  4  mols.  of  the  sulfide,  1.5  mol.,  and  less,  was  found  to  be 
not  only  suffident,  but  preferable,  in  that  a  purer  product  resulted. 
Another  point  of  significance,  in  considering  the  technical  possibiUties  of 
the  process,  is  the  fact  that  for  good  yidds  it  is  not  essential  to  employ 
very  concentrated  solutions  of  chlorohydrin;  20%  solutions  gave  results 
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as  good  as  the  80  or  100%  solutions.  Large  scale  operations  alone  could 
have  decided  whether  it  be  preferable  to  get  rid  of  the  water  before  con- 
version of  the  chlorohydrin  into  thiodiglycol  or  after  its  conversion,  but 
at  the  one  or  the  other  stage  that  would  have  to  be  done.  Of  course, 
less  evaporation  is  entailed  in  obtaining  concentrated  solutions  of  chloro- 
hydrin than  would  be  required  in  obtaining  equivalent  concentrations  of 
thiodiglycol.  On  a  laboratory  scale  it  was  found  convenient  to  employ 
40  to  80%  chlorohydrin  solutions.  The  weighed  amount  of  the  soUd  sodium 
sulfide  containing  water  of  crystallization  is  added  directly  to  the  chloro- 
hydrin solution,  and  the  reaction  is  completed  by  heating  the  mixtiu^ 
for  a  short  time.  The  solution  is  now  neutralized,  sulfuric  add  being 
preferable  to  hydrochloric  in  that  it  introduces  no  additional  amount  of 
water,  and  the  water  evaporated,  reduced  pressure  being  safely  used  as 
the  glycol  is  not  volatile.  The  residual  salts  are  impregnated  with  the 
syrupy  oil  of  the  glycol,  and  the  next  problem  is  to  separate  the  glycol 
from  the  salts.  On  a  large  scale  pobably  centrifuging,  followed  by  wash- 
ing with  a  little  alcohol,  would  prove  serviceable.  In  the  laboratory, 
the  glycol  can  be  extracted  with  alcohol,  and  is  obtained  pure  on  the 
evaporation  of  the  solvent. 

The  yield  of  the  glycol  is  very  satisfactory,  being  easily  90  to  95%  of 
the  calculated  amoimt,  and  frequently  even  better  than  that.  It  is  a 
thick,  syrup,  non- volatile  even  at  200°,  non-distillable  under  reduced  pres- 
sure without  decomposition.  It  is  immiscible  with  most  of  the  organic 
solvents,  but  is  soluble  in  chloroform.  The  only  certain  way  of  determin- 
ing the  piuity  of  a  technical  sample  of  glycol  is  to  determine  how  much 
mustard  gas  it  yields.  An  attempt  was  made  to  prepare  the  glycol  pure 
by  extracting  its  aqueous  solution  with  chloroform.  But  on  drying  this 
with  calcium  chloride  it  was  fotmd  that  nearly  all  the  glycol  had  com- 
bined with  the  salt.     It  behaves  in  this  respect  like  the  ordinary  alcohols. 

Dichloroethylsulfide. — The  usual  methods  of  replacing  alcohol  hy- 
droxyl  groups  by  chlorine  can  be  applied  to  this  problem,  but  the  simplest 
procedure  is  to  heat  the  thiodiglycol  with  cone,  hydrochloric  solution.* 
With  this  procedure  in  view  it  becomes  unnecessary  to  isolate  the  thio- 
diglycol as  such,  and  the  two  steps,  the  preparation  of  the  glycol  and  the 
dichloride,  can  then  readily  be  combined  into  one  operation.  To  the 
solid  sodium  sulfide  containing  water  of  crystallization  the  required 
amoimt  of  70  to  80%  chlorohydrin  is  added.  The  solution  process  of  the 
sulfide  is  endothermic,  the  reaction  with  chlorohydrin  is  exothermic,  and 
the  two  just  about  balance  each  other.  When  the  reaction  is  over,  the 
excess  of  sodium  sulfide  is  neutralized  with  90%  sulfuric  add.  To  this, 
without  previous  evaporation,  concentrated  hydrochloric  add  is  added,  and 
the  predpitated  sodium  salts  are  filtered  oflf  by  suction  and  washed  with 
»  H,  T.  Clarke,  Loc.  cit. 
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more  acid.  On  warming  the  clear,  yellow  hydrochloric  add  solution  of 
the  glycol  to  60-75^,  ^^  dichloroethylsulfide  separates  as  a  heavy,  yellow 
oil.  The  acid  solution  is  separated  and  can  be  used-  again  after  being  for- 
tified with  hydrogen  chloride.  The  oil  is  washed  with  water,  and  after 
filtering  through  a  layer  of  calcium  chloride  or  sodium  chloride,  it  is 
suflSciently  pure  for  all  purposes,  unless  a  C.  P.  article  is  desired.  We 
have  repeatedly  obtained  yields  from  90  to  98%,  based  upon  the  amount 
of  chlorohydrin  taken  for  the  experiment. 

The  undistilled  material  retains  very  little  moisture  and  hardly  any 
hydrochloric  acid.  In  fact,  passing  hydrogen  chloride  into  pure  mustard 
gas,  the  latter  takes  up,  tmder  the  most  favorable  conditions,  not  more 
than  1.5%  of  its  weight,  and  this  can  be  swept  out  readily  with  a  little 
dry  air. 

If  further  purification  is  desired,  distillation  under  reduced  pressure 
gives  the  best  results.  A  slight  decomposition  occurs  when  the  product 
is  subjected  to  prolonged  heating,  as  when  distilling  large  amounts  of  the 
material.  The  distilled  and  pure  product  is  absolutely  colorless,  and 
remains  colorless  on  long  exposure  to  light.  A  sample  which  has  been 
exposed  for  almost  a  year  shows  no  trace  of  coloration. 

The  dichloride  is  readily  hydrolyzed  by  alkalies,  silver  nitrate  solu- 
tion, and  even  to  a  slight  extent  with  cold  water.  Consequently,  the 
reaction  between  the  diglycol  and  hydrochloric  acid  is  a  reversible  one. 

(HOCjHOaS  +  2HCI  :^  (C1C2H4)2S  +  H2O. 
It  was  found  that  the  conversion  of  the  glycol  into  the  dichloride  is  done 
best  at  65-75°,  and  that  at  the  end  of  the  operation  the  supernatant 
add  solution  at  70°  should  still  remain  saturated  with  hydrochloric  acid, 
i,  e,y  it  should  contain  33%  of  add.  Under  such  conditions,  one  drop  of 
pure  glycol  gives,  with  25  cc.  add,  a  fairly  visible  amotmt  of  mustard 
gas.  With  a  concentration  of  add  of  30%,  even  two  drops  fail  to  give 
any  dichloride;  with  25%  several  tenths  of  a  cubic  centimeter  are  required, 
while  with  add  20%  strong,  even  2  cc.  do  not  produce  turbidity.  It 
may  be  mentioned  that  the  above  equilibrium  between  add  and  glycol 
is  not  readily  established  when  starting  from  the  other  end,  i.  e.,  hydrolyz- 
ing  mustard  gas  with  solutions  of  hydrochloric  add  of  various  strengths. 
For  instance,  0.5  cc.  of  mustard  gas  was  heated  at  70°  with  15  cc.  of  20% 
hydrochloric  add  for  a  week,  with  frequent  stirring, — but  not  more  than 
half  of  the  oil  disappeared.  Apparently  the  hydrolysis  of  the  dichloride 
must  proceed  at  a  much  slower  rate  than  the  formation  of  the  dichloride 
from  the  glycol. 

^  To  summarize,  with  the  problem  of  produdng  ethylene  on  a  scale 
hitherto  tmattempted,  solved  in  a  satisfactory  manner^  and  with  the 
conditions  for  the  successful  manufacture  of  chlorohydrin  determined,  the 
*  Dorsey,  J.  Ind,  Eng,  Chem.,  11,  286  (1919)- 
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foundation  of  a  process  for  producing  mustard  gas  on  a  technical  scale 
was  assured.  Another  process,  however,  namely,  the  one  based  upon  the 
sulfur  chloride  reaction,  was  ultimately  adopted  in  this  country. 

3.  Action  of  Sodium  Sulfide  on  Ethylene  Chloride. 

The  possibility  of  making  mustard  gas  from  ethylene  chloride  according 
to  the  equation, 

2Cl2C,H4Cl  +  NasS  =  (ClCHOiS  +  2NaCl 

has  been  studied,  but  the  results  were  negative.  The  reaction  was  found 
to  proceed  fiulher  than  desired,  even  when  at  room  temperature. 

2aCja4Cl  +  2Na,S  -  S«Q^^Ss  +  4NaCl. 

The  ill-smelling,  but  non-toxic,  crystalline  disulfide  was  produced,  or  one 
of  its  two  polymers,*  in  either  case  only  crfmparatively  small  amounts 
being  formed,  from  i  to  5%  of  the  theoretical  amount.  Ethylene  bromide 
gave  the  same  product,  but  in  larger  yields.  With  the  object  in  view  to 
keep  down  the  mass  of  the  reacting  metal  sulfide,  attention  was  turned  to 
the  use  of  insoluble  sulfides,  such,  however,  as  possess  the  tendency  to 
form  soluble  chlorides.  Zinc  sulfide,  ferrous  sulfide,  etc.,  were  tried,  but 
they  gave  no  better  results. 

General  considerations  concerning  the  reactivity  of  halogen  derivatives 
of  this  group  of  compounds  suggest  that  the  dichloroethylsulfide  is  likely 
to  prove  more  reactive  than  etiiylene  dichloride.  Compare  ethyl  chlo- 
ride with  ethylene  dichloride,  and  we  notice  the  stabiliidng  effect  of  the 
second  halogen.  On  the  other  hand,  compare  ethyl  chloride  with  glyx»l 
chlorohydrin  and  we  notice,  if  an3rthing,  the  opposite  effect  of  the  oxygen 
atom.  Now,  in  mustard  gas  the  sulfur  atom  is  with  respect  to  the  halogen 
in  the  same  position  as  the  oxygen  in  chlorohydrin,  and  we  may  expect  a 
similar  influence  by  sulfur  as  by  oxygen.  Experiments  with  pture  mus- 
tard gas  gave  results  which  were  quite  decisive:  sodium  sulfide  converts 
dichloroethylsulfide  very  readily  into  the  disulfide.  In  the  following  ex- 
periments one  cc.  (1.3  g.)  of  mustard  gas  was  taken  in  each  case,  mixed 
with  sodium  sulfide  and  allowed  to  stand  at  room  temperature.  Cur- 
iously enough,  the  more  dilute  the  solution  of  sodium  sulfide  employed 
in  the  experiment,  the  quicker  did  the  reaction  set  in,  and  the  larger  the 
final  jrield  of  the  disulfide  in  a  given  time.  This  difference  in  action  may 
be  due  to  the  greater  alkalinity  of  the  cone,  sodium  sulfide  solutions,  and 
the  consequent  more  extensive  hydrolysis  of  the  dichloride.  With  the 
dilute  solution,  the  precipitation  of  the  disulfide  begins  in  about  an  hour, 
when  cold,  and  much  quicker  when  heated. 
*  V.  Meyer,  hoc,  cU. 
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sulfide  solution.  stan<Uiig.  in  g.  jrield,  g. 

1 20%                         5  1. 10  1.30 

II 30%                        8  0.72  1.30 

in 50%                      10  0.45  1.30 

The  greater  velocity  of  reaction  toward  sodium  sulfide  possessed  by 
dichloroethylsulfide  than  by  ethylene  dichloride  precluded  the  possibility 
of  obtaining  mustard  gas  by  this  reaction,  and  the  work  in  this  direction 
was  not  pursued  further. 

4*  Summary. 

1.  It  has  been  shown  that  ethylene  chlorohydrin  can  readily  be  prepared 
from  ethylene  and  chlorine  in  presence  of  water,  at  comparatively  low 
temperatures,  0-20^.  It  was  found  unnecessary,  and  apparently  unde- 
sirable, to  keep  down,  through  neutralization,  the  amount  of  hydrochloric 
add  which  is  being  produced  in  the  course  of  this  reaction. 

2.  Concentrations  as  high  as  15%  of  chlorohydrin  have  been  obtained, 
but  it  was  found  not  advisable  to  go  beyond  8%,  on  account  of  the  pro- 
portionately increasing  amounts  of  ethylene  chloride  produced  at  the  ex- 
pense of  chlorohydrin.  Some  factors  which  affect  adversely  the  3deld  of 
dilorc^drin  were  determined  and  they  can  be  arranged  in  order  of  their 
increasing  influence:  chlorohydrin,  hydrochloric  add,  magnesium  chlo- 
ride, caldum  chloride,  sodium  chloride;  also  defident  stirring. 

3.  It  has  been  found  that  chlorohydrin  and  water,  42.5%  of  the  one  and 
Mid  57.5%  of  the  other,  make  a  constant  boiling  mixture,  95.8^  In 
virtue  of  this  property,  it  has  been  shown,  dilute  solutions  of  chlorohydrin 
can  be  readily  enridied  by  distillation,  espedally  when  salt  or  caldum 
chloride  is  added  to  the  solutions  to  be  distilled.  From  the  concentrated 
solutions  pure  chlorohydrin,  b.  p.  128^,  can  be  obtained. 

4.  Methods  for  salting  out  chlorohydrin  from  its  aqueous  solutions  have 
been  described,  and  it  is  shown  that  about  70%  strong  solutions  can  be 
obtained  in  this  manner.  By  combining  the  3  processes,  distillation, 
salting  out  and  extraction  with  immisdble  solvent,  chlorohydrin  can  be 
readily  obtained  pvare. 

5.  The  conditions  have  been  determined  whidi  permit  an  almost  quan- 
titative conversion  of  chlorohydrin  into  mustard  gas,  starting  with  dther 
dilute  or  concentrated  aqueous  solutions  of  chlorohydrin. 

6.  It  was  found  impossible  to  get  mustard  gas  by  the  action  of  metal 
sulfide  upon  ethylene  chloride.  The  reason  therefore  was  found  to  lie  in 
the  much  greater  reactivity  towards  these  metal  sulfides  possessed  by  the 
mustard  gas  itself  than  by  ethylene  chloride. 

To  Mr.  F.  W.  Sullivan,  Jr.,  and  Mr.  F.  H.  Ejranz  the  writer  wishes  to 
express  his  great  obligation  for  their  able  assistance  in  the  course  of  the 
work  described  in  this  paper. 
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[Contribution  from  thb  New  York  Sugar  Trade  Laboratory,  Inc.] 

THE  COMPOSITION  AND  CALORIFIC  VALUE  OF  SIRUPS  AND 

MOLASSES  DERIVED  FROM  SUGAR  CANE, 

By  C.  a.  Browne. 

Received  June  25,   1919. 

Very  accurate  data  are  available  as  to  the  calorific  value  of  the  sucrose 
and  invert  sugar  in  sirups,  but  very  little  information  is  obtainable  re- 
garding the  actual  combustion  units  of  the  organic  non-sugars  which  make 
up  usually  from  4  to  18%  of  the  dry  substance  in  the  sirups  and  molasses 
derived  from  the  sugar  cane.  It  was  to  gain  more  knowledge  upon  the 
latter  subject  that  the  present  investigation  was  begun. 

Changes  in  Constituents  of  Juice  during  Sirup  Manufacture. 

The  organic  non-sugars  in  the  sirups  and  molasses  derived  from  the 
sugar  cane  consist  partly  of  products  derived  from  the  juice  of  the  sugar 
cane  and  partly  of  decomposition  products  formed  during  manufacture. 
In  order  to  arrive  at  some  imderstanding  of  the  nature  of  these  substances 
a  brief  reference  must  be  made  to  the  changes  produced  in  the  constituents 
of  cane  juice  by  the  processes  of  clarification,  filtration  and  evaporation. 

In  Table  I  a  comparison  is  given  of  the  approximate  composition*  of 
sugar  cane  juice  and  of  low  grade  cane  molasses. 

TABI.E  I. — Composition  of  Sugar  Cane  Juice  and  Molasses. 

Juice.  Molosacs. 

%.  %. 

Water 83.00  20.00 

Sucrose 15.00  30.00 

Invert  sugar 0.80  30.00 

Ash 0.45  8.00 

Proteins 0.05 

Nudeins 0.03 

Proteoses o.oi  o.io 

Nitrogenous  bases  (guanine,  etc  ) Trace  o. 40 

Amids  (asparagine,  glutamine,  etc.) 0.05  0.50 

Amino  adds  (aspartic,  etc.) 0.12  i . 50 

Other  organic  acids  (aconitic,  etc.) o.  10  i . 50 

Gums  and  pectins o.io  2.00 

Fiber  partides o.  12 

Fat  and  wax o.io 

Earthy  matter 0.06 

Chlorophyll,  etc o.oi 

/  lactic  add,    saccharinic   add. 

Decomposition  products  I      giydnic  acid,«  caramel,  etc.  ..  6.00 

100.00  100.00 

^  According  to  results  given  in  Bull.  91  (1907)  of  the  Louisiana  Sugar  Experiment 
Station. 

*  The  term  "giydnic"  or  "gludnic  acid"  was  first  introduced  by  Peligot  to  de- 
scribe one  of  the  unstable  add  decomposition  products  formed  by  heating  glucose  witli 
alkalies.    See  Lippmann's  Chemie  der  Zuckerarten,  i,  330-1. 
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In  the  clarifying  operations  of  liming,  heating  and  filtering  a  consider- 
able change  is  effected  in  the  composition  and  distribution  of  the  juice 
ingredients.  The  suspended  impurities,  removed  from  the  cane  in  mill- 
ing, such  as  fiber  particles,  fat  and  wax,  dirt,  chlorophyll,  etc.,  are  pre- 
cipitated, the  proteins  and  nucleins  are  coagulated,  and  a  part  of  the 
gtuns  and  ash  constituents  are  removed.  But  with  the  elimination  of 
these  ingredients  a  new  class  of  degradation  and  decomposition  products 
enters  into  solution.  By  the  action  of  lime  and  heat  a  part  of  the  nucleins 
are  decomposed  into  nitrogenous  bases,  or  piuins,  and  variable  amounts 
of  the  redudng  sugars  are  destroyed  with  the  formation  of  soluble  salts 
of  lactic,  saccharinic,  glydnic  and  other  adds.  A  certain  amount  of 
sucrose  also  undergoes  dehydration  with  the  formation  of  caramd.  The 
extent  of  these  changes  will  vary  with  conditions.  When  an  excess  of 
lime  is  used  the  formation  of  new  substances  by  the  decomposition  of 
nitrogenous  ingredients  and  reducing  sugars  may  proceed  to  such  an  ex- 
tent that  their  presence  affects  the  flavor  of  the  product,  the  sirup,  or 
molasses,  being  then,  as  is  said,  lime-burnt. 

The  effect  of  tha  above-mentioned  changes  is  shown  most  strikingly 
by  comparing  the  compositions  of  the  ash  of  cane  juice  and  cane  molasses. 
Table  II  gives  the  average  distribution  of  some  of  the  constituents  in 
the  ash  of  cane  juice  and  cane  molasses,  according  to  analyses  made  in 
Louisiana.^ 

Table  II. — Compositions  of  Ash  of  Sugar  Canb  Juice  and  Molassbs. 

Juice.  Molaises. 

Ingredient,  as  oxide.  %.  %. 

Potassium  (K2O) , 4554  5083 

Sodium  (NasO) 0.44  0.78 

Calcium  (CaO) 4.01  7.09 

Iron  (FeiOg) 0.95  0.32 

Aluminum  (AUOi) o. 54  o. 24 

Silica  (SiOj) 6.55  3.91 

Pl^osphates  (P2O1) 5 .  72  2 .  64 

Sulfates  (SOs) ^1.78  9-9i 

Carbonates  (COj) 3.55  11.88 

Alkalinity  of  ash  (cc.  o.i  iV^  add  to  neutralize 

I  g.  of  ash) 28  94 

While  the  above  results  do  not  represent  juice  and  molasses  of  the  same 
origin,  the  analyses  ji^  an  average  of  the  product  from  different  kinds 
of  cane  and  from  different  factories.  They  may  be  considered  therefore 
as  fairly  typical. 

A  comparison  of  the  analyses  shows  about  17%  less  silica,  phosphoric 
add  and  sulfuric  add  and  about  17%  more  potash,  soda,  lime  and  car- 
bonic add  in  the  ash  of  the  molasses.  These  results,  when  considered  in 
connection  with  the  increase  in  alkalinity  of  the  ash,  show  that  a  par^ 
»  Louisiana  Sugar  Expt.  Sta.,  Bull,  91  (1907). 
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of  the  baac  elements  of  the  mineral  salts  in  cane  juioe  enter  as  a  result 
of  clarification  into  new  organic  combinations  witii  add  decomposition 
products,  such  as  lactic,  saccharinic  and  glydnic  adds.  In  the  process 
of  evaporating  and  boiling  the  glydnic  add  undo'goes  a  partial  dehydra- 
tion witii  formation  of  humic  add  substances  of  higher  carbon  content. 

In  the  manufacture  of  what  is  termed  "Refiner's  Sirup"  a  part  of  the 
non-sugars  in  cane  molasses  are  removed  in  the  blow-ups  and  char  filters. 
There  is  a  further  decrease  in  the  mineral  sulfates  and  phosphates  and 
also  in  the  caldum  salts  of  organic  adds.  The  decrease  in  glydnic  add 
and  its  decomposition  products  is  made  most  apparent  by  the  removal 
of  color. 

Changes  in  Calorific  Value  of  Juice  during  Sirup  Manufacture. 

The  calorific  values  of  some  of  the  constituents  which  may  occur  in 
the  sirups  and  molasses  derived  from  the  sugar  cane  are  given  by  various 
authorities  as  follows: 

Formula.  C«lorics>  per  g. 

Aconitic  acid,  C«HeOtf 2 .750 

Aspartic  add,  C4H7NO4 3 .900 

Asparagine,  C^HsNiOt 3-444 

Lactic  add,  CsHeO, 3.666 

Invert  sugar,  CaHnOc 3 .  750 

Sucrose,  CuHstOu 3-955 

Saccharin,  C«HioOt 4-055 

Gums,  estimated  for  (CeHioOOn 4. 100 

Humic  acid,  CigHuOe 5 .880 

As  regards  the  calorific  values  of  the  decomposition  products  formed 
dtuing  sirup  manufacture,  we  may  make  a  triple  classification,  (i) 
Little  or  no  change  in  calorific  value,  as  in  the  fcnmation  of  lactic  add 
(C»H«0»)  and  saccharinic  add  (C«HitOe)  from  invert  sugar.  (2)  A  de- 
crease in  calorific  value,  as  in  the  formation  of  invert  sugar  from  sucrose. 
(3)  An  increase  in  calorific  value,  as  in  the  formation  of  dehydration 
products  such  as  caramd,  saccharin,  glydnic  add  and  its  humoid  deriva- 
tives. 

In  the  manufacture  of  sirup,  the  inversion  of  sucrose  produced  by  con- 
centrating sugar  cane  juice  in  add  solution,  would  tend,  therefore,  to 
diminish  the  heat  units  of  the  orgamc  solids,  while  the  formation  of  dehy- 
dration products  by  concentrating  this  juice  in  alkaline  solution  would 
tend  to  increase  the  heat  units  of  these  solids.  As  regards  the  organsc 
non-sugars  alone  the  operations  of  the  sirup  house  and  sugar  factory 
would  tend  on  theoretical  grounds  to  cause  an  increase  in  their  calorific 
value.    On  the  other  hand,  the  filtration  of  cane  molasses  over  bone  black 

1  The  calorie  used  in  this  paper  is  tlie  greater  or  kilogram  calorie,  i.  e.,  the  amount 
of  heat  required  to  raise  the  temperature  of  one  kilogram  of  water  one  degree 
centigrade. 
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might  produce  a  variable  result  according  to  the  selective  action  of  the 
char  upon  the  non-sugars  of  lower  calorific  value,  such  as  aconitic  and 
aspartic  adds,  and  upon  those  of  higher  calorific  value  such  as  glydnk 
add  and  its  dehydration  products.  The  latter  being  in  excess  in  ordinary 
cane  molasses,  filtration  over  animal  diarcoal  would  tend  to  eliminate 
more  salts  of  glydnic  add  than  of  aspartic  or  aconitic  add.  These  gen- 
eral deductions  have  been  in  large  part  confirmed  by  the  following  prac- 
tical tests. 

Experimental  Part. 

The  following  8  samples  were  selected  for  comparison  as  to  composi- 
tion and  calorific  value: 

I.  A  aami^  of  the  clear  mother  Hquor  from  pmre  conoentrBted  sugar  case  juice. 
The  cane  juice  was  concentrated  by  dmple  eyaporation,  without  the  addition  of  lime 
or  other  chemicals,  by  Dr.  F.  W.  Zerban  at  the  Louisiana  Sugar  Experiment  Station. 
After  as  much  of  the  sucrose  as  possible  had  been  oystallized  from  the  sirup,  the  mother 
liquor  was  removed  by  decanting  and  filtering. 

3.  A  sample  of  open-kettle  mdasses  manufactured  by  Aurelien  Simoneauz  at 
Church  Plantation,  Flattenvilk,  La.  The  expressed  cane  juice  was  treated  with 
sulfur  dioxide,  limed,  heated*  allowed  to  settle  and  the  dear  juice  concentrated  in  an 
open  kettle  heated  by  steam  coils.  The  massecuite,  after  crystallizing  in  a  cooler, 
was  drained  in  hogsheads;  the  drippings  constituted  the  molasses,  from  which  the 
sample  was  taken. 

3.  A  sample  of  first  Cuban  molasses,  supplied  by  Dr.  G.  L.  Spencer  from  Central 
Tinguaro,  Cuba.  The  juice,  from  whidi  the  molasses  came,  was  clarified  with  lime  by 
the  ordinary  defecation  process. 

4.  A  sample  of  Refiners  ^rtQ>  made  by  the  Franklin  Sugar  Refining  Company 
in  Philadelphia,  Pa. 

5.  A  sample  of  Refiners  Sirup  made  by  the  American  Sugar  Refining  Company 
in  Boston,  Mass. 

6.  A  sample  of  Refiners  ^rup  made  by  the  Amer'can  Sugar  Refining  Company  in 
Jersey  City,  N.  J. 

7.  A  sample  of  Refiners  Sirup  made  by  the  National  Sugar  Refining  Company  in 
Yookcrs.  N.  Y. 

8.  A  sample  of  Refiners  low  grade  Molasses  (black  strap)  made  by  the  National 
Sugar  Refining  Company  i^  Yonkers,  N.  Y. 

Tabids  m. 
Analyses  of  the  8  Samples  of  Sirups  and  Molasses. 

Sample.  1.              2.            3.  4.             5.              6.  7.             8. 

Water 29.64  28.16  24.91  17.85  16.77  i7-30  18.51  1960 

Invertsugar i3-93  1428  12.84  29.72  33. 18  31. 19  26.76  22.53 

Sucrose 49-86  51.92  48.13  36.12  38.00  37-57  41-58  37-87 

Ash 3-60  2.50      4.82  5.30      4.46  5.97  4-04      6.53 

Undetermined   organic 

matter 2.97  3.14      9.30  11. 01      7.59      7.97  9-11  i3-47 

Total 100.00  100.00  100.00  100.00  100.00  100.00  100.00  100.00 

Alkalinity  of  ash,  cc 
0.1  iV^add  to  neutra- 
Hzeig.  ofash 51.2      92.9      64.2      81.5      77.0    102.2     123.4    126.2 
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In  the  above  analyses  water  was  determined  by  evaporating  about 
2  g.  of  the  carefully  weighed  product  in  a  glass-stoppered  weighing  bottle 
in  a  vacuum  oven  at  a  temperattwe  not  exceeding  70**.  The  drying  was 
continued  imtil  constancy  in  weight  was  secured.  The  vacuum  caused 
the  substance  to  foam  up  in  drying  and  the  residue  consisted  of  a  porous, 
friable,  hygroscopic  mass.  It  was  sealed  and  set  aside  for  determination 
of  the  Calories. 

Invert  sugar  was  determined  by  the  customary  gravimetric  method  of 
copper  reduction. 

Sucrose  was  determined  by  the  Clerget  method  of  double  polarization 
and  also  from  the  increase  in  copper  reducing  power  after  inversion. 
The  average  of  the  results  by  the  two  methods  was  the  value  taken. 

Ash  was  determined  by  first  carbonizing  the  product  in  a  platinmn  dish 
at  low  heat.  The  residue  was  then  ground  and  extracted  with  distilled 
water  on  an  ashless  filter.  The  carbonaceous  residue  was  then  incinerated 
in  the  platinum  dish  imtil  a  white  ash  was  obtained;  the  aqueous  extract 
of  soluble  ash  was  then  added,  the  whole  evaporated  to  dryness,  heated 
to  dull  redness,  cooled  and  weighed.  The  alkalinity  of  the  ash  was  de- 
termined in  the  usual  way  by  titrating  with  0,1  N  sulfuric  acid. 

Since  the  determinations  of  Calories  were  made  upon  the  dry  solids, 
the  results  of  Table  III  were  recalculated  to  a  moisture-free  basis. 

Tablb  TV. 
Percentages  Calculated  to  a  Moisture-free  Basis. 

Sample.  1.  2.  3.  4.  5.  6.  7.  8. 

Invert  sugar 19.80  19.88  17.10  36.18  3986  37.71  32.84  28.02 

Sucrose 70.86  72.27  64.10  4397  45-66  4543  51. 02  47.10 

Ash 5.12  3.48  6.42  6.45  5.36  7.22  4.96  8.12 

Undetermined    organic 

matter 4.22  4.37  12.38  1340  9.12  9.64  11. 18  16.76 

Total 100.00  100.00  100.00  100.00  100.00  100.00  100.00  100.00 

Determinations  of  the  Calories  per  gram  of  the  moisture-free  solids  in 

the  above  8  samples  were  performed  by  J.  A.  Fries  of  the  Pennsylvania 

State  College,  with  the  following  results: 

Sample.  1.  2.  3.  4.  5.  6.  7.  8. 

Calories  per  g.  of  solids 3661  3  765  3726  3. 640  3.675  3.600  3. 715  3.685 

The  results  show  that  the  dry  matter  of  sirups  and  molasses  derived 
from  the  sugar  cane  has  a  heat  value  ranging  from  3.6  to  3.8  Calories 
perg. 

The  calorific  equivalents  of  the  invert  sugar  and  sucrose  in  the  mois- 
ttwe-free  soUds  of  the  8  samples,  as  calculated  from  the  results  of  Table 
IV  are  as  follows: 

Sample.  1.  2.  3.  4.  5.  6.  7.  8. 

Invert  sugar 0.743  0.746  0.641  1.357  1-495  1414  1232   1.051 

Sucrose 2.803  2.858  2.535  1-739  1805  1.797  2.018  1.863 

Cals.  of  sugars  perg.  of  solids. ..  3.546  3.604  3.176  3.096  3.300  3. 211  3.250  2.914 


Digitized  by 


GooQle 


CALOMPIC  VAI<UR  OF  SUGAR  CANE  SIRUPS.  I437 

The  Calories  due  to  the  undetermined  organic  matter,  found  by  sub- 
tracting the  Calories  of  the  sugars  from  the  total  Calories  per  g.  of  solids, 
are  as  follows: 

Sample.  1.  2.  3.  4.  5.  6.  7.  8. 

Cals.  of  undetermined  organic 
matter  per  g.  of  solids 0.115  0.161  0.550  0.544  o-375  0.389  0.465  0.771 

From  the  above  figures  and  the  percentages  of  undetermined  organic 
matter  in  Table  IV,  the  Calories  per  g.  of  undetermined  organic  matter 
were  computed  to  be  as  follows: 

Sample.  1.        2.  3.  4.  5.  6.  7.  8. 

Cals.    per   g.   of   midetermined 
organic  matter 2.725  3.684  4.443  4.060  4. 112  4.035  4.159  4.600 

The  calorific  value  of  the  undetermined  organic  matter  in  the  various 
products  is  lowest  in  sugar  cane  juice  (Sample  i)  and  highest  in  the  residual 
molasses  (Samples  3  and  8).  In  the  open  kettle  molasses  (Sample  2), 
made  by  add  clarification  with  sulfur  dioxide,  the  destructive  action  of 
lime  is  less  apparent  than  in  those  products  where  lime  had  been  used  in 
greater  excess.  Comparing  the  sirups  which  had  passed  over  bone  black 
(Samples  4,  5,  6  and  7),  with  the  two  residual  molasses  the  removal  of 
dehydration  products  is  indicated  not  only  by  the  lighter  color  but  by 
the  lower  calorific  value  of  the  organic  non-sugars. 

The  calorific  values  of  the  imdetermined  organic  matter,  as  above  cal- 
culated, are  no  doubt  a  little  too  low  in  all  cases,  owing  to  the  retention 
of  water  of  crystallization  by  some  of  the  organic  and  inorganic  constit- 
uents in  drying  at  70°.  Such  a  retention  would  not  only  lower  the  Calories 
of  the  solids  but  would  make  the  percentages  of  undetermined  organic 
matter  too  high.  Unfortunately,  no  means  could  be  found  for  estimating 
the  water  of  crystallization  retained  by  the  vacuum-dried  solids  of  sirups 
and  molasses,  as  elevating  the  temperature  much  above  70^  caused  some 
of  the  organic  matter  to  decompose.  As  an  additional  check,  therefore, 
upon  the  accuracy  of  the  work  a  comparison  of  6  of  the  samples  was  made 
upon  the  basis  of  carbon  content. 

The  carbon  content  of  the  organic  constituents  of  the  sirups  derived 
from  the  sugar  cane  varies  from  about  36%  in  the  case  of  aspartic  acid 
to  60%  or  more  in  the  case  of  himioid  decomposition  products.  The 
following  is  a  classification  of  some  of  these  constituents: 

Carbon. 
PormtUa'  %. 

Aspartic  add,  C4H7NO4 36. 10 

Asparagine,  ChHsNsOs 36.36 

Invert  sugar,  CeHuOs 40.00 

Aconitic  acid,  CeHeOs 41 .38 

Sucrose,  CuHssOn 42 .  10 

Gums,  (CJIi«Os)fi 44-44 

Glydnic  add,  CitHigOg 47  06 

Caramelan,  CuHisOt 47 .06 

Humic  add,  CisHuOe 66.26 
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If  the  conclusions  arrived  at  from  comparing  the  calorific  tmits  are 
correct,  then  the  accumulation  of  gtuns,  caramel,  glydnic  add  and  its 
htunoid  decomposition  products  in  low  grade  molasses  should  cause  the 
carbon  content  of  the  non-sugars  in  such  molasses  to  be  higher  than  it  is 
in  sirups  made  by  sulfitation  or  by  filtration  over  bone  black.  This  was 
confirmed  by  the  following  determinations  of  carbon  which  were  made 
by  J.  A.  Fries  upon  the  dried  residues  used  for  the  determination  of  Calories: 

Sample.  1.  2.  3.  6.  7.  8. 

Total  carbon  in  solids,  % 38.945  40. 138  39790  38.159  39-394  39-249 

The  percentages  o£  carbon  due  to  the  invert  sugar  and  sucrose  in  the 
moisture-free  solids  of  the  above  6  samples,  as  calculated  from  the  results 
of  Table  IV,  are  as  follows: 

Sample.  1.  2.  3.  6.  7.  8. 

Carbon  in  invert  sugar,  % 7.920    7*950    6.84015.08413.13611.208 

Carbon  in  sucrose,  % 29.833  30.426  26.986  19.126  21.479  19.829 

Carbon  in  sugars,  % 37- 752  38.376  33.826  34.210  34.615  31.037 

The  percentages  of  carbon  in  the  undetermined  organic  matter,  f otmd 
by  subtracting  the  carbon  in  the  sugars  from  the  total  carbon  in  the  solids, 
are  as  follows: 

Sample.  1.  2.  3.  6.  7.  8. 

Carbon  in  organic  non-sugars,  % 1193  1.762  5.964  3.949  4.779  8.212 

From  the  above  figures  and  the  percentages  of  organic  ncm-sugars  in 
Table  IV,  the  percentages  of  carbon  in  the  organic  non-sugars  are  com- 
puted to  be: 

Sample.  1.  2.  3.  6.  7.  8. 

Carbon  in  organic  non-sugars,  % 28.27  40.32  48.17  40.97  42.74  49.00 

The  percentages  of  carbon  in  the  organic  non-sugars  are  thus  seen  to 
present  the  same  relative  order  as  that  of  the  calories,  being  lowest  in 
the  cane  juice  and  highest  in  the  refinery  molasses.  The  effect  of  bone 
black  filtration  in  removing  dehydration  products  of  high  carbon  content 
is  shown  by  comparing  the  low  carbon  percentages  of  Samples  6  and  7 
with  the  high  percentages  of  3  and  8. 

The  percentages  of  carbon  in  the  organic  non-sugars  as  above  estimated 
are  probably  in  all  cases  too  low  owing  to  the  retention  of  water  of  crys- 
tallization in  the  dried  soUds,  as  previously  explained. 

Conclusions. 

In  the  manufacture  of  sirups  and  mola^es  from  the  juice  of  the  sugar 
cane  by  the  ordinary  process  of  defecation  with  lime  there  is  a  progressive 
increase  in  the  calorific  value  and  carbon  content  of  the  organic  non- 
sugars,  owing  to  the  formation  of  dehydration  products  such  as  caramel, 
glydnic  add  and  its  humoid  derivatives. 

In  the  filtration  of  sirups  and  molasses  over  bone  blade  there  is  a  con- 
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siderable  removal  of  the  lime  salts  of  glycinic  add,  the  result  being  a 
lightening  in  color  and  a  decrease  in  the  calorific  value  and  carbon  con- 
tent of  the  organic  non-sugars. 

In  the  manufacture  of  open  kettle  molasses  by  the  sulfitation  process, 
the  formation  of  dehydration  products  is  less  pronounced  than  is  the 
case  by  the  defecation  process,  the  result  being  a  molasses  of  lighter  color 
and  with  a  lower  calorific  value  and  carbon  content  of  the  organic  non-^ 
sugars. 

The  calorific  value  of  the  total  solids  in  the  sirups  and  molasses  derived 
from  the  sugar  cane  was  found  to  vary  between  3.6  and  3.8  cals.  per  g. 
of  dry  substance,  the  average  value  being  about  3 . 7  cals. 

The  calorific  value  of  the  organic  matter  in  high-grade  open-kettle 
sulfitation  molasses  and  of  high-grade  refinery  sirups  was  found  to  be 
about  3.9  Cals.  per  g.  of  dry  organic  substance. 

The  calorific  value  of  the  organic  matter  in  sugar  house  defecation 
molasses  and  in  refinery  molasses  was  found  to  be  about  4.0  Cals.  per  g. 
of  dry  organic  substance. 

The  calorific  value  of  the  organic  non-sugars  in  refinery  sirups  was  found 
to  vary  between  4.04  and  4. 16  Cals.  per  g.  of  dry  substance. 

The  calorific  value  of  the  organic  non-sugars  in  sugar  house  and  refinery 
molasses  was  found  to  be  4.44  and  4.60  Cals.,  respectively,  per  g.  of  diy 
substance. 

The  carbon  content  of  the  total  solids  in  the  sirups  and  molasses  de- 
rived from  the  sugar  cane  was  found  to  vary  between  38  and  40%,  the 
average  being  about  39.5%. 

The  carbon  content  of  the  organic  non-sugars  in  open-kettle  and  re- 
finery sirups  was  foimd  to  vary  between  40.32  and  42.74%. 

The  carbon  content  of  the  organic  non-sugars  in  a  sugar-house  and  re- 
finery molasses  was  found  to  be  48. 17  and  49.00%,  respectively. 

Finally,  it  may  be  noted  that  the  results  of  this  work  have  a  certain 
bearing  upon  questions  of  nomenclature.  It  has  been  held  by  some  that 
refinery  sirups  being  a  by-product  of  sugar  manufacture  should  be  termed 
molasses.  But  refinery  sirups  which  have  been  filtered  over  bone  black 
differ  from  defecation  molasses  so  distinctly  in  the  composition  and 
calorific  value  of  their  organic  non-sugars  that  in  a  chemical  sense  they 
cannot  be  grouped  with  such  molasses. 

In  conclusion,  the  author  desires  to  express  his  indebtedness  to  Mr. 
G.  R.  Bunker,  of  the  National  Sugar  Refining  Company,  to  Mr.  H.  E. 
Niese,  of  the  American  Sugar  Refining  Company,  to  Dr.  G.  L.  Spencer,  of 
the  Cuban  American  Sugar  Company,  and  to  Dr.  P.  W.  Zerban,  of  the 
Louisiana  Experiment  Station  for  furnishing  him  with  samples  of  prod- 
ucts.   He  is  also  under  obligation  to  Mr.  J.  A.  Fries,  of  the  Pennsylvania 
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State  College,  and  to  his  assistants,  Mr.  C.  A.  Gamble  and  Mr.  G.  H. 
Hardin,  for  help  in  the  analytical  work. 

N8W  YoiUK  City. 


[CONTRIBirnON  FROM  THB  LabORATORIBS  OF  THB  ROCKBFSLLBR  iNSTrTUTB  FOR 

Mbdical  Rbsbarch.] 

THE  ISOMERIC  HYDROXYPHENYLARSONIC  ACIDS  AND  THE 

DIRECT  ARSENATION  OF  PHENOL. 

By  Walter  A.  Jacobs  and  Michabi*  Hbidbi«bbrgbr. 

Received  June  30,  1919. 

The  present  study  of  the  action  of  arsenic  add  upon  phenol  has  demon- 
strated that  this  reaction  is  more  compHcated  than  has  been  heretofore 
assumed.  As  we  shall  set  forth  below,  not  only  is  p-hydroxyphenyl- 
arsonic  add  formed  in  the  reaction,  but  several  other  rdated  substances 
as  well. 

EhrUch  and  Bertheim,^  in  establishing  the  nature  of  the  substance 
now  known  as  arsanilic  add  or  p-amino-phenylarsonic  add  (I),  obtained 
by  heating  aniHne  with  arsenic  add,  drew  the  analogy  between  this  sub- 
stance and  sulfanilic  add,  obtained  by  a  paralld  method.  As  far  as  has 
been  determined  in  these  reactions,  the  substituent  enters  only  the  posi- 
tion para  to  the  amino  group.  It  was  then  found  that  the  method  of 
direct  arsenation  was  capable  of  extension  to  other  simple  aromatic 
amines  with  a  free  para  position.  Only  in  the  case  of  a  few  para-sob- 
stituted  arylamines  was  it  possible  to  force  the  arsonic  add  into  the 
ortho  position  and  then  only  with  great  diflSculty  as  evidenced  by  the  very 
poor  jddds. 

Benda,^  and  independently,  Pyman  and  Reynolds*  later  found  that  this 
reaction  did  not  stop  at  the  formation  of  the  primary  arsonic  add  but 
that  this  condensed  fiuHier  to  an  appredable  extent  with  a  second  mole- 
cule of  the  amine  to  form  the  secondary  arsonic  add  (II)  in  which  the 
arsonic  add  residue  again  entered  the  para  position  in  the  second  aryl- 

amine  nudeus. 

O 

yOH 

AsOjH, 


^^^  NH,    NH, 

(I).  (II). 

The  method  of  direct  arsenation  has  also  been  extended  to  indude  the 
simpler  phenols.    According  to  the  method  outlined  in  D.  R.  P.  205616, 

»  Ber.,  40,  3292  (1907). 
«  Ibid.,  41,  2367  (1908). 
"  /.  Chem,  Soc..  93,  1184  (1908). 
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in  which  phenol,  o-  and  w-cresoJ  are  heated  with  arsenic  add,  substances 
are  obtained  in  which  the  arsonic  acid  residue  enters  the  position  para 
to  the  phenolic  group.  Further  than  this  the  patent  does  not  go;  and, 
as  far  as  we  are  aware,  more  recent  work  has  appUed  the  reaction  only  to 
the  arsenation  of  resordn  and  its  monomethyl  ether.  ^  From  previous 
work,  therefore,  it  would  seem  that  the  arsenation  of  phenolic  compounds 
parallels  that  of  the  amines  in  that  only  p-hydroxy-arsonic  adds  have  thus 
far  been  isolated. 

In  connection  with  the  preparation  of  ^-hydroxy-phenylarsonic  add 
essentially  according  to  the  method  outlined  in  D,  R,  P.  205616  we  have 
had  the  opportimity  of  studying  this  reaction  more  fully.  After  isolating 
the  para  add  as  the  sodium  salt,  we  were  struck  by  the  amount  of  ma- 
terial contained  in  the  mother  liquors  which  showed  all  the  reactions  of 
an  aromatic  arsonic  add  and  which  obviously  containied  but  rdatively 
negligible  amoimts  of  the  /^-hydroxy  add.  Fmthermore,  this  mother 
liquor  yielded  an  intense  wine-red  color  with  ferric  chloride  solution, 
whereas  f -hydroxy-phenylarsonic  add  gives  no  such  color  test.  It  there- 
fore seemed  likely  that  we  were  dealing  with  isomeric  hydroxy  com- 
potmds  which  were  also  products  of  the  reaction.  Just  as  the  arsenation 
of  aniline  has  been  compared  with  the  sulfonation  of  this  base,  it  seemed 
also  logical  to  compare  the  arsenation  of  phenol  with  the  sulfonation  of 
this  compound.  As  is  well  known,  depending  upon  the  conditions  of 
sulfonation,  varying  proportions  of  both  o-  and  />-phenolsulfonic  adds 
may  be  obtained. 

Accordingly,  in  order  to  learn  the  properties  of  both  0-  and  m-hydroxy- 
phenylarsonic  adds  (III)  and  (IV),  neither  of  which  had  hitherto  been 
described,  we  prepared  these  compoimds  by  diazotization  of  o-  and  m-arsan- 
ilic  adds.  Whereas  phenol-w-arsonic  add  resembled  the  para  compound 
in  giving  no  color  test  with  ferric  chloride,  the  phenol-c?-arsonic  add  gave 
the  identical  wine-red  color  observed  with  the  mother  liquors  from  phenol- 
^-arsonic  add. 

AsOjHj  AsOsHj 

/\0H 


a 


(III).  (IV). 

It  was  then  found  possible  to  isolate  a  basic  barium  salt  from  these 
mother  liquors,  which  yielded  a  free  add  identical  with  the  hydroxy- 
compound  obtained  from  t>-arsaniHc  add.  The  amount  of  this  substance 
isolated  was  approximatdy  V?  of  the  yidd  of  />-hydroxy-phenylarsonic 
add.    We  hope  by  varying  the  conditions  of  the  arsenation  to  determine 

1  Bauer,  Ber.,  48,  509  (1915)- 
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whether  en*  not  the  small  yield  is  due  to  the  migratioii  of  the  arsonic  add 
residue  from  the  o-  to  the  /^-position  at  the  elevated  temperature  em- 
ployed, a  process  which  has  been  shown  to  occur  in  the  sulfonation  of 
phenol.  We  have  not  succeeded  in  isolating  a  tneta  add  from  the  mother 
liquors  and  it  seens  hardly  likdy  on  tiieoretical  grounds  that  one  should 
be  formed  in  tiie  arsenation  of  phendi. 

A  comparison  of  the  solubilities  of  the  3  phenolarsonic  adds  with  those 
of  the  isomeric  arsanilic  adds  proved  interesting.  Whereas  in  the  latter 
series  the  ortho  add  is  most  soluble  and  the  meta  compound  the  least  solu- 
ble, with  the  former  compounds  the  o-hydroxy  add  unexpectedly 
proved  to  be  the  least  soluble  of  the  three.  Thus  it  can  be  readily  recrys- 
tallized  from  water  without  serious  loss.  There  is  little  difference,  on 
the  other  hand,  between  the  solubilities  of  tiie  m-  and  p-phendarsonic 
adds. 

We  are  continuing  the  study  of  the  o-  and  m-hydroxy-phenylarsonic 
adds  and  their  reduction  products,  nitro  derivatives,  etc. 

On  careful  addification  of  the  mother  liquor  from  the  baritun  salt  of 
the  phenol-o-arsonic  add  we  were  able  to  isolate  two  other  substances, 
both  of  which  gave  analytical  figures  for  the  secondary  dihydroxy-diphenyl- 
arsonic  adds.  These  substances  differed  from  one  another  in  mdting 
points  and  in  the  fact  that  in  aqueous  suspension  one  gave  no  color  with 
ferric  chloride  solution,  while  the  other,  lower-mdting  substance,  ex- 
hibited the  same  pronounced  wine-red  color  so  diaracteristic  of  phenol-o- 
arsonic  add.  The  higher  mdting  add  possessed  the  same  mdting  point 
as  the  ^,p'-dihydroxy-diphenylarsonic  add  (V),  obtained  according  to 
Benda^     by    diazotization    of   />,/>'-diamino-diphenylarsonic   add,    and 

O        OH 


agreed  in  other  properties  with  this  substance.    We  therefore  condude 
that  otir  first  substance  is  identical  with  Benda's  compound. 

The  color  reaction  exhibited  by  our  second  substance  indicates  that  it 
is  a  secondary  o-hydroxy-arsonic  add.  There  are  two  substances  whidi 
might  possibly  be  formed  in  the  arsenation  of  phenol  and  exhibit  the 
properties  of  the  isolated  compound;  ^,(?'-dihydroxy-diphenylarsonic  add 
(VI),  and  c?,/)'-dihydroxy-diphenylarsonic  add  (VII). 

^LoccU, 
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O         OH  O  OH 

/As 


OH 
(VI).  (VII). 

Since  the  secondary  arsonic  adds  no  doubt  arise  from  the  reaction  of  a 
second  mokctile  of  phenol  with  the  primary  hydroxy-arsonic  adds  akeady 
formed,  it  is  evident  that  VII  could  be  formed  in  two  ways :  by  the  elimina- 
tion of  water  between  c?-hydroxy-phenylarsonic  add  and  the  para  hydro- 
gen atom  of  a  second  phenol  molecule^  or  by  the  ccmdensation  of  p- 
hydrozy-phenylarsonic  add  with  the  ortho  hydrogen  of  a  second  phenol 
molecule.  VI,  on  the  other  hand,  can  only  be  formed  from  a-hydroxy- 
phenykrsonic  add  which  is  present  only  in  minor  amotmts.  Therefore,  since 
the  yield  of  our  second  substance  was  approximatdy  equal  to  that  of  the 
p,p'  compound  recovered,  we  are  inclined  to  consider  Formula  VII  as 
the  more  probable.  We  are  at  present  attempting  to  estabUsh  the  struc- 
ture of  the  compound  by  other  means.  It  also  seems  very  likely  that 
smaller  amounts  of  VI  are  formed  in  the  reaction  and  we  are  continuing 
the  search  for  tins  substance. 

The  formation  of  the  secondary  adds  extends  the  analogy  to  the  sul- 
fonation  of  phenol,  since  among  the  products  of  the  latter  is  fotmd  dihy- 
droxy-diphenylsulfone,  and  is  likewise  similar  to  the  production  of  p,p'' 
diamino-diphenylarsonic  add  in  the  arsenation  of  aniline.  The  formation 
of  tertiary  arsinoxides  is  likewise  suggested,  and  we  shall  turn  our  atten- 
tion to  the  possibility  of  isolating  these  among  the  products  of  the  reac- 
tion. We  shall  also  extend  the  study  to  the  arsenation  of  other  phenolic 
compounds,  since  similar  products  should  result  in  the  arsenation  of  the 
cresols,  etc. 

Finally,  after  the  present  work  had  long  been  imder  way,  an  artide  ap- 
peared by  Conant^  on  the  arsenation  of  phenol  for  the  preparation  of 
/y-hydroxy-phenylarsonic  add.  It  will  be  seen  that  the  conditions  em- 
plojred  by  us  for  the  interaction  of  phenol  and  arsenic  add,  with  a  few 
exceptions,  are  similar  to  those  used  by  him  and  to  those  outlined  in 
D.  R.  P.  205616,  which,  however,  specifies  ''crystalline  arsenic  add." 
However,  it  is  entirdy  unnecessary  in  working  up  the  mdt  to  be  satis- 
fied with  an  impure  sodium  salt  such  as  is  isolated  by  Conant's  method. 
As  will  be  found  in  the  experimental  part  of  the  present  commimication, 
and  as  has  already  been  claimed  by  Kay,^  it  is  a  simple  matter  to  obtain 
satisfact(»y  yidds  of    pure  sodium  /?-hydroxy-phenylarsonate  uncon- 

*  Tms  Journal,  4x,'43i  (1919). 
« Eng,  pat,  6,322  (1915)- 
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laminated  by  other  salts  or  by  tarry  by-products.  As  a  matter  of  fact, 
the  amount  of  tar  formed  in  the  methodise  have  used  is  practically  negligi- 
ble and  occasioned  no  difficulty.  We  are  convinced  that  the  direct  arsena- 
tion  of  phenol  is  by  far  the  simplest  and  most  economical  method  for  the 
preparation  of  this  substance,  so  important  in  the  manufacture  of  ars- 
phenamine. 

EXPERIMBNTAL. 
(A)  O'  and  m-Hydrozy-phenylarsonic  Acids. 

o-Hydrozy-phenylarsonic  Acids. — ^This  substance  was  isdated  in  the 
direct  arsenation  of  phenol  as  described  in  Section  B,  and  in  order  to 
prove  its  structiu-e  it  was  also  synthesized  directly  from  o-arsaniUc  add.^ 

1 1  g.  of  (7-arsanilic  add  were  dissolved  in  loo  cc.  of  N  hydrochloric  add, 
chilled,  and  diazotized  with  50  cc.  of  N  soditun  nitrite  solution.  On  stand- 
ing at  room  temperature  a  steady,  copious  evolution  of  nitrogen  occurred 
which  was  completed  after  an  hour  by  gentle  heating.  The  mixture  was 
boiled  with  bone  black,  and  the  colorless  filtrate  treated  with  50  cc.  of  N 
sodium  hydroxide  solution.  On  concentrating  on  the  water  bath  the  new 
hydroxy-phenylarsonic  add  separated  as  a  crust  of  long,  stout  needles.  A 
few  drops  of  dil.  hydrochloric  add  were  added  on  cooling  to  insure  proper 
addity  and  the  add  was  filtered  off  and  washed  with  ice  water.  The 
yield  was  9.5  g.  The  add  is  very  easily  soluble  in  hot 'water  and  forms 
supersaturated  solutions  on  cooling,  which  rapidly  aystallize  when 
rubbed,  jddding  a  mass  of  rosets  of  minute,  colorless  needles.  When 
aystalUzation  occurs  slowly,  as  on  concentrating  its  aqueous  solutions, 
the  add  separates  as  crusts  of  long,  lustrous  needles.  Contrary  to  its 
/^-isomer,  it  is  rather  sparingly  soluble  in  cold  water.  The  solubility  re- 
lationships, therefore  do  not  paralld  those  found  in  the  comparison  of 
0-  and  p-arsanilic  adds,  the  latter  being  by  far  the  less  soluble. 

(?-Hydroxy-phenylarsonic  add  is  readily  distinguished  from  the  para 
compound  by  the  color  which  it  gives  with  ferric  chloride  solution. 
Whereas  the  p-isomer  gives  no  color  with  this  reagent  even  very  dilute  solu- 
tions of  the  ortho  add  give  a  pronounced  wine-red  color.  m-Hydroxy- 
phenylarsonic  add,  described  below,  resembles  the  para  compound 
in  giving  no  color  with  ferric  chloride,  so  that  this  reaction  may  there- 
fore be  used  to  distinguish  the  ariho  add  from  its  isomers. 

When  rapidly  heated  to  185°,  then  slowly,  o-hydroxy-phenylarsonic 
add  begins  to  soften  at  185°,  but  is  not  completely  mdted  until  196**  is 
reached,  then  forming  a  liquid  filled  with  bubbles.  It  is  soluble  in  methyl 
or  ethyl  alcohol  and  but  sparingly  so  in  hot  acetone  or  chloroform.  Al- 
though difficultly  soluble  in  gladal  acetic  add,  it  dissolves  readily  on 
boiling.  In  alkaline  solution,  it  couples  readily  with  diazotized  sulfanilic 
add,  yidding  a  bright  orange  solution.  It  is  readily  predpitated  from 
»  This  Journai,,  40,  1583  (191 8). 
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concentrated  solutions  of  its  salts  by  hydrochloric  add,  but  redissolves 
on  adding  an  excess.  Acetic  add  does  not  readily  displace  it  from  its 
salts. 

Subs.,  0.3273 :  MgiAstOr,  0.2298. 

Calc.  for  C«H704As:  As,  34.36.     Found:  33.87. 

Sodium  Salt. — A  suspension  of  the  add  in  a  small  amount  of  hot  water 
was  neutralized  to  litmus  with  strong  sodium  hydroxide  solution  and  then 
treated  with  an  equal  volume  of  alcohol.  The  sodium  salt,  which  separated 
on  rubbing,  was  recrystalUzed  from  50%  alcohol,  separating  on  standing 
in  the  cold  as  glistening,  hexagonal  platelets  which  contain  4  molecules 
of  water  of  crystallization  when  air-dry.  The  salt  is  readily  soluble  in 
water  and  gives  no  immediate  predpitates  with  caldum  or  baritun  salts 
but  in  the  latter  case,  on  rendering  alkaline  to  phenolphthalein,  what  is 
probably  a  basic  barium  salt  separates  as  rosets  of  colorless,  microscopic 
needles.    The  heavy  metals  cause  immediate  flocculent  predpitates. 

Subs.,  air-dry,  0.7476:  loss,  0.1713  tn  vacuo  at  100*'  over  HsS04. 

Calc.  for  C«He04AsNa.4HjO:  HjO,  23.07.     Found:  22.92. 

Subs.,  anhydrous,  0.2846:  MgiAssO?,  0.1820. 

Calc.  for  C6H<04AsNa:  As,  31.20.     Found:  30.87. 

m-Hydrozy-phenylarsonic  Acid. — ^This  substance  was  prepared  as 
follows  from  m-arsanilic  add.^  11  g.  of  m-arsaniUc  add  were  dissolved 
in  100  cc.  of  10%  sulfiuic  acid,  chilled  and  diazotized  with  a  solution  of 
3 . 6  g.  of  soditun  nitrite.  The  solution  was  diluted  to  250  cc.  and  warmed 
to  60**,  when  a  steady  evolution  of  nitrogen  occurred.  When  this  had 
ceased,  the  sulfiuic  add  was  completdy  removed  with  barium  hydroxide 
solution.  The  filtrate  was  addified  with  acetic  acid,  heated,  and  then 
treated  with  lead  acetate  solution  as  long  as  a  predpitate  formed.  The 
lead  salt  separated  at  first  in  amorphous  form,  but  rapidly  changed  to  ag- 
gregates of  microscopic  platdets.  After  filtering  off  and  washing,  it  was 
shaken  with  an  excess  of  10%  sulfuric  add  until  completdy  decomposed. 
The  filtrate  from  the  lead  sulfate  was  in  turn  treated  with  barium  hy- 
droxide solution  until  a  test  portion  no  longer  showed  the  presence  of  dis- 
solved barium  and  sulfate  ions.  The  mixttwe  was  then  treated  with  bone 
black  and  the  dear,  colorless  filtrate  boiled  almost  to  dryness.  The  oily 
residue  quickly  crystallized  on  rubbing,  giving  8  g.  of  the  new  arsonic  add. 
RecrystaUized  from  a  small  volume  of  water  and  chilled  to  0°,  it  separated 
as  aggregates  of  rhombic  crystals  which  mdt  slowly  from  159°  to  173^. 
It  is  readily  soluble  at  room  temperatiu-e  in  water,  methyl  and  ethyl  alco- 
hols, and  in  boiling  acetic  add.  It  is  also  somewhat  soluble  in  hot  ace- 
tone but  practically  insoluble  in  chloroform  or  benzene.  It  gives  no 
color  with  ferric  chloride  solution  and  couples  readily  in  alkaline  solu- 
tion with  diazotized  sulfanilic  add,  giving  a  bright  orange  color. 
»  This  Journal,  40, 1583  (1918). 
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Subs.,  0.3045:  MgtAsaOr,  0.3135. 

Calc.  for  CcHtOiAs:  As,  34.36.    Found:  33.84. 

Sodium  Salt. — ^A  suspension  of  the  add  in  a  very  small  amount  of  hot 
water  was  neutralized  to  litmus  with  sodium  hydroxide  solution.  Since 
the  salt  could  not  be  obtained  by  the  addition  of  alcohol,  it  was  allowed  to 
evaporate  and  when  almost  dry,  gradually  crystallized  in  rosets  of  flat 
needles.  It  was  too  soluble  to  be  recr^rstallized  and  acetone  prediHtated 
the  concentrated  aqueous  solution  as  a  pasty  mass.  For  anal3rsis  this 
was  dried  in  vacuo  at  100^  over  sulfuric  add. 

Subs.,  0.2854:  MgiAsiOr,  0.1833. 

Calc.  for  C«H604AsNa:  As,  31.20.    Found:  31.00. 

A  solution  of  the  salt  gives  no  predpitates  with  barium  or  caldum  salts 
but  insoluble  predpitates  with  those  of  the  heavy  metals. 
(B)  The  Arsenation  of  Phenol. 

/^-Hydroxy-phenylarsonic  Acid. — ^480  g.  of  80%  aqueous  arsenic  add 
were  boiled  in  an  open  flask,  allowing  the  water  to  escape  imtil  the  tempera- 
ture reached  150®.  Then  200  g.  of  molten  phenol  were  poured  in  at  once 
and  an  air  condenser  attached,  the  flask  being  then  placed  in  an  oil  bath, 
the  temperature  of  which  was  maintained  at  155-60®.  The  contents  of 
the  flask  boiled,  rendering  mechanical  stirring  unnecessary,  and  heating 
was  continued  for  7  hours.  The  air  condenser  acts  as  an  effident  reflux 
avoiding  undue  loss  of  phenol.  At  the  end  the  somewhat  dark-colored 
liquid,  which  at  first  consisted  of  two  layers,  was  homogeneous.  It  was 
diluted  with  about  2  liters  of  water,  whereupon  a  small  amoimt  of  tar 
predpitated,  and,  without  filtering,  a  strong,  hot  solution  of  barium  hy- 
droxide was  then  added  with  vigorous  stirring  until  the  solution  became 
just  neutral  to  litmus,  the  unchanged  arsenic  add  being  completely  re- 
moved as  the  barium  salt,  which  also  effidently  collects  the  small  amount 
of  tar.  It  is  important  to  avoid  an  unnecessary  excess  of  barium  hy- 
droxide, since  if  the  reaction  becomes  too  strongly  alkaline,  the  hydroxy- 
phenylarsonic  adds  may  also  be  predpitated.  The  dear,  almost  color- 
less filtrate  from  the  copious  barium  arsenate  predpitate  was  then  treated 
with  just  enough  sulfuric  add  to  remove  the  dissolved  barium,  a  prelim- 
inary heating  greatly  facilitating  the  subsequent  filtration  of  the  barium 
sulfate.  The  predpitation  is  easily  followed  during  the  addition  of  the 
sulfuric  add  by  tests  with  filtered  samples,  and  it  is  a  simple  matter  to 
strike  the  point  at  which  the  filtrate  no  longer  gives  a  test  for  dther  baritmi 
or  sulfuric  ion. 

The  filtrate  was  next  concentrated  to  about  a  Uter,  preferably  in  vacuo, 
and  the  n  neutralized  to  litmus  with  soditun  hydroxide.  The  solution  of 
the  salts  was  then  concentrated  further  to  small  bulk,  whereupon  a  partial 
oystallization  of  sodiiun  ^-hydroxy-phenylarsonate  occurred.  The  mix- 
ture was  heated  imtil  this  was  redissolved,  a  very  small  amount  of  water 
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added  if  necessary;  and  then  treated  while  still  hot  with  several  volumes 
of  alcohol  untn  a  slight  permanent  turbidity  was  reached.  On  rubbing, 
the  sodium  salt  quidcly  crystallized  out,  and  after  several  hours  of  thorough 
chilling  it  was  filtered  oflf  and  washed  with  85%  alcohol.  The  3rield  aver- 
ages about  120  g.  and  the  colorless  product  so  obtained  is  a  practically 
pure  sodium  ^-hydroxy-phenylarsonate  giving  no  test  for  arsenate  or 
sulfate  ion  and  no  color  with  ferric  chloride  solution.  Hence  it  is  seen 
that  contamination  with  sodium  sulfate,  as  occurs  in  Conant's  method,^ 
is  an  unnecessary  complication. 

Subs.,  air-dry,  0.6264:  loss,  0.0781  in  vacuo  at  80*  over  HsSOi. 

Calc  for  CA04AsNa.2HtO:  HsO,  13.04.    Found:  12.46. 

Subs.,  anhydrous,  0.2637:  MgiAstOr*  0.1708. 

Calc.  for  CeHfOfAsNa:  As,  31.20.    Found:  31.26. 

If  it  is  desired  to  isolate  the  free  ^-hydroxy-phenylarsonic  add,  the  fil- 
trate from  the  barium  sulfate  is  concentrated  in  vacuo  without  the  addi- 
tion of  sodium  hydroxide,  a  thidc  S3aiip  of  a  mixture  of  free  arsonic  adds 
being  obtained.  On  dissolving  this  in  several  volumes  of  hot  glacial  acetic 
add,  a  faintly  colored  solution  is  obtained  which  gradually  sets  to  a  thick 
paste  of  colorless  crystals  of  /?-hydroxy-phenylarsonic  add  on  chilling 
and  rubbing.  After  standing  24  hours  in  the  refrigerator  it  is  filtered  off 
and  washed  with  small  portions  of  cold  gladal  acetic  add.  The  yidd 
of  the  arsonic  add,  whidi  mdts  at  170-3®  with  preliminary  softening, 
averages  40  grams. 

Subs.,  0.2573:  MgiAsiOr,  0.1850. 

Calc.  for  CeHrOiAs:  As,  34-36.    Found:  34-70. 

Isolation  of  the  substance  as  the  sodium  salt  as  first  described  is  there- 
fore preferable  from  the  standpoint  of  3ridd.  We  have  nothing  to  add 
to  the  properties  of  the  add  and  its  sodium  salt  as  already  recorded  in 
the  literature. 

a-Hydroi^-phenylarsonic  Add. — ^The  alcoholic  mother  liquor  from 
the  sodium  salt  of  /?-hydroxy-phenylarsonic  add  was  concentrated  to  re- 
move the  alcohol  and  then  diluted  to  about  750  cc.  with  water.  A  few 
drops  of  this  solution  gave  the  intense  wine-red  color  characteristic  of 
<?-hydroxy-phenylarsonic  add  on  treating  with  a  drop  of  ferric  chloride 
solution.  The  solution  was  treated  with  aqueous  soditun  hydroxide 
until  strongly  alkaline  to  phenolphthalein,  and  then  with  an  excess  of 
concentrated  barium  chloride  solution.  The  barimn  salt  of  o-hydroxy- 
phenylarsonic  add  separated  as  a  heavy  powder  on  rubbing,  and  an  ad- 
ditional small  quantity  was  obtained  by  heating  the  filtrate  from  this  to 
boiling.  The  combined  fractions  of  the  salt  were  suspended  in  water 
and  treated  with  dil.  sulfuric  add  in  slight  excess  and  then  the  excess 
of  sulfuric  add  predpitated  by  the  addition  of  just  enough  baritun  hy- 
^LoccU. 
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droxide  solution  so  that  the  filtrate  contained  neither  baritun  nor  sulfate 
ions.  The  colorless  filtrate  was  concentrated  on  the  water  bath  to  crys- 
tallization, the  o-hydroxy-phenylarsonic  acid  separating  as  a  character- 
istic crust  of  long,  lustrous  needles.  After  thorough  chilling,  it  was  fil- 
tered off  and  dried.  The  yield  was  14  g.  Reoystallized  from  hot  water 
it  formed  flat,  colorless  needles  which  gave  a  wine-red  color  with  ferric 
chloride  solution,  and  proved  identical  in  all  respects  with  the  substance 
obtained  from  o-arsaniUc  add  as  described  above.  A  mixture  of  the  sub- 
stances obtained  by  both  methods  showed  no  alteration  in  the  melting 
point. 

Subs.,  0.3279:  Mg2Asj07,  0.2310. 

Calc.  for  C«He04As:  As,  34.36.    Found:  34.00. 

For  further  identification,  it  was  converted  into  the  sodium  salt,  which 
separated  from  50%  alcohol  as  hexagonal,  microscopic  platelets  contain- 
ing 4  molecules  of  water  of  aystallization,  just  as  in  the  case  of  the  salt 
prepared  from  the  sample  synthesized  from  o-arsanilic  acid. 

Subs.,  0.6372:  loss,  0.1475  in  vacuo  at  100®  over  H1SO4. 
Calc.  for  C«He04AsNa.4HjO:  HjO,  23.07     Found:  23.15. 
Subs.,  anhydrous,  0.2508:  MgiAsiO?,  0.1635. 
Calc.  for  C«H604AsNa:  As,  31.20.    Found:  31.48. 

^ip'-Dihydroxy-diphenylarsonic  Acid. — ^The  mother  Uquor  from  the 
barium  salt  of  t?-hydroxy-phenylarsonic  acid  was  treated  with  hydro- 
chloric add  until  only  faintly  alkaline  and  then  concentrated  to  about 
one  Uter.  The  chilled  solution  was  then  further  treated  with  i  :  i  hydro- 
chloric add,  causing  the  separation  of  an  oily  predpitate  which  partly 
dissolved  on  further  addition  of  the  add  until  definitdy  add  to  congo 
red.  On  rubbing,  crystallization  slowly  started,  and  on  continued  manip- 
ulation the  oily  predpitate  also  slowly  soUdified.  After  4  hours'  stand- 
ing, the  deposit  was  filtered  off  and  washed  with  water.  An  aqueous  sus- 
pension gave  a  wine-red  color  with  ferric  chloride  due  to  contamination 
with  another  secondary  arsonic  acid  to  be  described  bdow.  On  dissolv- 
ing in  hot  50%  acetic  acid  and  letting  stand  in  the  refrigerator,  colorless, 
prismatic  needles  separated  with  a  yidd  of  10  g.,  mdting  slowly  with 
effervescence  at  250-1°  (uncorr.).  Benda^  gives  239°  as  the  mdting 
point  of  p,p'-dihydroxy-diphenylarsonic  add  obtained  by  diazotization 
of  /?,p'-diamino-diphenylarsonic  add.  A  sample  of  this  substance  pre- 
pared by  us  according  to  Benda  also  mdted  at  250-1  °  with  effervescence, 
as  did  a  mixture  of  this  substance  and  that  isolated  as  described  above. 
Other  properties  were  also  identical.  An  aqueous  suspension  of  the  pure 
substance  gave  no  color  test  with  ferric  chloride  solution.  It  is  practically 
insoluble  in  cold  water,  but  dissolves  appreciably  on  boiling  and  separates 
on  cooUng  as  short,  colorless,  prismatic  needles.  It  is  readily  soluble  in 
*  Benda,  Ber.,  41,  2371  (1908). 
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hot  50%  or  95%  alcohd  or  gladial  acetic  add  and  in  cold  methyl  alcohol, 
but  very  sparingly  so  in  ether  and  acetone.  Benzene  and  chloroform 
do  not  dissolve  the  substance.  It  is  readily  soluble  in  alkali  and  carbonate 
solutions  and  in  io%  hydrochloric  add.  In  alkaline  solution,  it  couples 
with  diazotized  sulfanilic  add,  yidding  an  orange  solution.  There  is  no 
doubt  that  this  substance  is  identical  with  that  described  by  Benda  as 
dihydroxy-diphenylarsonic  add. 

Sub6.»  aa573:  MgiAstOr,  0.1348. 

Cak.  for  C1SH11O4AS:  As,  25.49.    Found:  25.30. 

^f^'(?)-IMhydroiy-diphenylarsonic  Acid. — On  standing  several  hours 
kmger,  the  aqueous  mother  liquor  from  the  />,^'-arsonic  add  gradually 
deposited  heavy  aggregates  of  stout,  glistening  prisms  which  increased 
on  rubbing.  After  about  48  hours,  these  were  filtered  off  and  washed 
with  water.  Four  g.  were  obtained,  mdting  at  215-6°  with  effervescence 
and  giving  a  deep  win^-red  color  with  ferric  chloride  solution.  The  mother 
liquor  was  treated  with  sodium  acetate  solution  imtil  neutral  to  congo 
red,  causing  the  predpitation  of  a  small  amoimt  of  resinous  material.  On 
standing,  crystallization  again  started  and  was  facilitated  by  rubbing.  An 
additional  4  g.  of  material  were  thus  obtained  which  also  mdted  at  215-6^ 
with  effervescence  and  gave  a  deep  wine-red  color  with  ferric  chloride 
solution.  The  combined  fractions  were  dissolved  in  a  small  volume  of 
hot  50%  acetic  add  and  separated  slowly  on  cooling  as  short,  stout,  glis- 
tening prisms  which  mdted  at  215-7°  (uncor.)  to  a  Uquid  filled  with  bub- 
bles. Repeated  reoystallization  did  not  alter  the  mdting  point.  A 
further  small  quantity  of  this  substance  was  obtained  on  concentrating 
the  50%  acetic  add  mother  liquor  obtained  in  the  recrystallization  of 
the  previously  described  p,p'-dihydroxy-diphenylarsonic  add  and  frac- 
tional recrystallization  of  the  product  so  obtained.  The  compotmd  is 
appreciably  soluble  in  boiling  water  and  separates  on  cooling  as  flat,  glis- 
tening, prismatic  needles.  It  is  somewhat  soluble  in  50  or  95%  alcohol, 
but  quite  readily  so  on  boiling.  It  is  also  soluble  in  hot  acetic  add  and 
cold  methyl  alcohol,  very  sparingly  in  acetone  and  ether,  and  insoluble 
in  benzene  and  chloroform.  It  dissolves  readily  in  alkali  and  carbonate 
solutions  and  in  10%  hydrochloric  add.  In  alkaline  solution  it  couples 
with  diazotized  sulfanilic  add  to  yidd  an  orange  solution. 

Subs.,  0.2508:  MgiAstOr,  0.1322. 

Calc.  for  CUH11O4AS:  As,  25.49.    Potmd:  25.43. 

The  substance  is  readily  distinguished  from  the  p,p'  isomer  by  the 
fact  that  in  aqueous  suspension  it  gives  an  intense  wine-red  color  with 
ferric  chloride  solution,  similarly  to  (>-hydroxy-phenylarsonic  add. 
We,  therefore,  condude  that  it  is  dther  o,/?'-dihydroxy-diphenylarsonic 
add  or  the  0^0'  isomer.  Since  £>-hydroxy-phenylarsonic  add  is  now 
definitely  established  as  a  product  of  the  arsenation  of  phenol,  it  seems 
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likdy  that  this  substance  may  react  with  a  second  molecule  of  phenol  to 
form  the  secondary  arsonic  add,  the  arsonic  residue  entering  the  position 
para  to  the  hydroxyl  groups  just  as  the  /?,f '-hydroxy  compound  restdts 
from  the  further  alteration  of  /?-hydroxy-phenylarsonic  add.  The  3rield 
of  the  add  also  makes  it  seem  probable  that  we  are  dealing  with  the  o,p'' 
dihydroxy  compound  rather  than  the  OfO'  add,  as  well  as  the  additional 
possibility  of  its  formation  by  condensation  of  ^-hydroxy-phenylarsonic 
add  with  a  further  molecule  of  phenol  in  the  o-position.  It  is  also  proba- 
ble that  the  o,o'-dihydroxy  add  may  occur  among  the  reaction  products 
but  in  such  small  amount  as  to  render  its  isolation  difficult.  We  are  at 
present  attempting  to  establish  with  certainty  the  identity  of  the  new 
compound  by  synthetic  means. 

Nuw  YoKK  Ciry. 


[Contribution  prom  thb  Laboratories  of  thb  Rockbpbixbr  Institutb  por 

Mbd^cal  Research.] 

CERTAIN  AMINO  AND  ACYLAMINO  PHENOL  ETHERS. 

By   Micbabl  Hbidbi^bbrosr  and  Wai«tsr  A.  Jacobs 

ReceiTed  July  5,  1919. 

In  the  course  of  recent  chemotherapeutic  studies  it  was  found  necessary 
to  prepare  as  intermediates  certain  aromatic  amines  containing  hydroxy, 
methoxy,  and  ethoxy  groups,  as  well  as  multiples  and  combinations  of 
these.  While  the  monosubstituted  compounds  of  this  type  have  been 
adequately  studied  there  are  many  gaps  in  the  series  of  disubstituted 
amines  containing  the  groups  in  question,  as  well  as  a  number  of  inac- 
curacies in  the  descriptions  of  compounds  which  have  akeady  been  pre- 
pared. In  the  present  paper  we  have  endeavored  to  fill  some  of  these 
gaps  and  correct  those  inaccuracies  which  we  have  encountered,  confining 
the  discussion  to  certain  amines  and  acylamino  derivatives  of  anisole  and 
phenetole  and  of  the  simpler  mono-  and  di-ethers  of  pyrocatechol  and 
resordnol. 

Of  primary  interest  are  perhaps  the  4  isomeric  methoxy-ethoxy-anilines: 

NHt  NHs  NHt  NHi 


Or-    Qr--  (j^-Oo., 


MP.  OC«H»  OCHi  OCtHt  OCH« 

The  base 2   .5-8.   **              22.5*  55**  81.5-2' 

Acetam  no  deriv 117. 5-8. 5              100. 5-1  148.5-50  145-^ 

Chloroacetylamtno  deriv.  97.5-8                  126-7  133-4  135-5-6 

Of  these  the  two  derived  from  resordnol  have  never  been  prepared,  as 
far  as  we  have  been  able  to  find,  while  the  two  amino-pyrocatechol  ethers 
apparently  were  isolated  as  their  hydrochlorides  by  Wisinger,^  who  also 
*  Monaish.,  az,  1013  (1900). 
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prepared  the  acetamino  compounds  and  states  that  the  free  bases  are 
easily  oxidizable  oils.  Wisinger  prepared  the  hydrochlorides  and  the 
acetyl  derivatives  by  reduction  of  the  two  isomers  obtained  by  nitrating 
pyrocatechol  methylethyl  ether,  and  designated  the  isomers  by  the  let- 
ters Or  and  j9-,  being  unable  to  determine  which  was  the  3,4-methoxy- 
cthoxy-  and  which  the  4,5-isomer.  However,  by  ethylating  5-nitro- 
guaiacol  Paul^  obtained  a  nitro  ether  corresponding  to  Wisinger's  j8-com- 
pound,  whose  j8-methoxy-ethoxy-acetaniUde  would  therefore  be  the  4,5- 
isomer,  although  the  melting  point  given  is  considerably  lower  than  that 
found  by  us  for  this  compoimd.  We  have,  on  the  other  hand,  found  all 
four  bases  to  be  easily  crystallizable  and  quite  stable  under  ordinary 
conditions 

It  seems  also  that  3-methoxy-4-ethoxy-acetanilide  was  prepared  by 
Freyss*  by  ethylation  of  a  **f-nitroguaiacor'  (m.  p.  104°),  followed  by 
reduction  and  isolation  of  the  amine  as  the  acetyl  derivative.  Freyss 
showed  that  the  nitro  group  in  his  /7-nitroguaiacol  was  in  the  position 
para  to  the  hydroxyl  group,  so  that  his  nitro  ethyl  ether  should  have 
corresponded  to  Wisinger's  a-compoimd.  It  melted  20®  higher,  however, 
so  that  Wisinger's  product  would  seem  to  have  been  either  an  ortho  nitro 
derivative  or  a  mixture,  a  conclusion  borne  out  by  the  low  melting  point 
obtained  by  Wisinger  for  the  acetamino  compound  as  well.  In  any 
event,  the  methods  employed  ni  the  present  paper  were  such  as  to  render 
it  certain  that  no  confusion  between  the  isomers  could  arise. 

Regarding  the  methods  used,  the  substances  containing  the  /7-amino- 
phenol  grouping  were  prepared  by  reduction  of  the  a^responding  ^-sulf  o- 
phenylazo  dye  in  ammoniacal  solution  by  means  of  hydrogen  sulfide,  a 
method  which  we  had  used  to  good  effect  in  the  preparation  of  4-amino- 
guaiacol.*  Chloroacetyl  derivatives  were  made  according  to  the  method 
devised  by  us  and  used  in  numerous  instances  already  published.*  All 
melting  points  above  140°  are  corrected  to  the  short-stem  thermometer 


EXPERIMENTAL 
(A)  Derivatives  of  the  Ethers  o  Pheool,  o-  and  m-Cresol. 
Chloroacetylw>-anisidine|  0-CH1OC6H4NHCOCH.CI.— This  substance 
may  be  obtained  in  almost  quantitative  yield  from  'he  base  and  chloro- 
acetyl chloride  in  dil.  acetic  add  solution  in  the  piesence  of  soditun  ace- 
tate.* After  reoystaUization  first  from  ligroin  and  then  from  absolute 
alcohol  the  melting  point  was  48.5-9**  (corr.)  with  slight  preliminary 

» Ber.,  39,  2777  (1906). 

'  Freyss,  Zcnir.,  1901, 1,  739. 

•  Tftis  JouRNAi,,  41,  467  (1919)- 

*  Ihid.,  39,  1439  (191 7)  and  subsequent  papers. 
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'Softening,  thus  confirming  our  original  observation,^  rather  than  that  of 
^eckurts  and  Frerichs  (51®).* 

Chloroacetyl-m-anisidine. — ^The  m-anisidine  used  in  the  preparation 
of  tills  substance  was  prepared  essentially  as  given  by  Reverdin  and 
de  Luc,'  except  that  hydrolysis  of  the  acetyl  derivative  was  accomplished 
by  boiling  for  ^/j  hour  with  approximately  5  parts  of  i  :  i  hydrochloric 
add.  Practically  all  of  the  base  boUed  at  131*^  under  a  pressure  of  14 
mm. 

Six  g.  of  w-anisidine  were  chloroacetylated  in  the  usual  way.  The  solu- 
tion remained  dear,  but  on  chilling  and  rubbing  in  a  freezing  mixture  it 
soon  set  to  a  solid  cake.  After  adding  2  volumes  of  water  the  chloro- 
acetyl  compoimd  was  filtered  ofif,  dried,  and  reaystallized  by  dissolving 
in  hot  benzene,  treating  with  V«  volume  of  ligroin,  and  seeding.  6.9  g. 
separated  as  tufts  of  flat  needles  and  long  plates.  Recrystallized  again 
from  absolute  alcohol  with  the  aid  of  a  freezing  mixture  a  portion  mdted 
constantly  at  90.5-1.5®  (corr.)  with  preliminary  softening  at  90®.  It 
dissolves  readily  in  the  usual  solvents  with  the  exception  of  water  and 
ligroin. 

Subs..  0.3284:  (Kjeldahl),  16.7  cc.  o.i  N  HCl. 
Calc.  for  CfHioOiNCl:  N,  7.02.    Found:  7.12. 

Chloroacetyl-o-phenetidine,  0-C2H6OC6H4NHCOCH1CI.— This  sub- 
stance  was  obtained  in  almost  quantitative  yidd,  separating  as  an  oil  on 
dilution  of  the  reaction  mixture  with  an  equal  volume  of  water  and  soon 
aystallizing.  A  portion  was  recrystallized  twice  from  85%  alcohol, 
separating  as  hexagonal  rhombs  mdtingat  65.5-7.0**  (corr.)  with  slight, 
prdiminary  softening.  It  is  less  soluble  in  alcohol  and  Ugroin  than  in 
the  other  usual  organic  solvents. 

Subs.,  0.3200:  (Kjeldahl),  14.7  cc.  o.i  N  HCl. 

Calc.  for  CioHuOiNCl:  N,  6.56.    Found:  6.44. 

Chloroacetyl-m-phenetidine.— The  w-phenetidine  used  for  the  prepara- 
tion of  this  substance  was  prepared  from  w-acetaminophenol  and  diethyl 
sulfate  in  the  presence  of  alkali  at  50-60°,  but  the  yidd  was  not  as  good 
as  that  reported  by  Reverdin  and  Lokietek*  using  ethyl  bromide.  Prac- 
tically all  of  the  base  boiled  at  144.5°  imder  a  pressure  of  20  mm. 

The  chloroacetyl  derivative  was  obtained  in  almost  quantitative  yidd 
as  in  the  preceding  cases,  separating  from  the  reaction  mixture  at  once 
and  forming  so  thick  a  paste  that  the  addition  of  more  50%  acetic  add 
was  found  necessary  in  order  to  maintain  fluidity.  After  diluting  with 
water  a  portion  of  the  collected  solid  was  recrystallized  from  85%  alcohol, 

1  /.  Biol,  Chem.,  ai,  135  (1915). 
«  Arch,  Pharm,,  353,  233  (1915)- 
»  Ber„  47,  1537  (1914)- 
*  Bull,  soc.  chim.,  [4]  17,  407  (1915). 
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then  from  toluene,  forming  flat,  glistening  needles,  melting  at  125 . 5-6 . 5  ^. 
The  compomid  is  readily  soluble  in  acetone  or  chloroform,  somewhat 
less  easily  in  alcohol,  ether  or  benzene  at  room  temperature.  It  dissolves 
sparingly  in  cold  toluene,  easily  on  boiling,  and  is  difficultly  soluble  in 
boiling  water. 

Subs.,  0.2000:  (Kjeldalil),  9.55  cc  o.i  i\r  HCL 

Calc.  to  CioHuOtNCl:  N,  6.56.    Found:  6.69. 

Chloroacetyl-^phenetidine.^ — This  substance  was  also  prepared  in 
good  yield  as  in  the  above  cases. 

3-Mefliyl-4.methoi7-acetanmde,  3,4-CH,(CHtO)C6HJMHCOCH,.  — 
Nineteen  g.  <rf  />-amino-o-cresol*  were  dissolved  in  1 70  cc.  of  iV  hydrochloric 
add  and  the  solution  treated  with  24.5  g.  of  acetic  anhydride,  followed 
immediately  by  100  cc.  of  saturated  sodium  acetate  solution.  The  mix- 
ture was  shaken  vigorously  for  10  minutes  and  the  precipitate  of  p-sucet- 
amino-cMxescd  then  filtered  oflf  and  washed  with  water.  The  3rield  was 
20  g.  The  crude  product  was  converted  into  the  methyl  ether  by  dis- 
solving in  I .  I  equivalents  of  N  potassium  hydroxide  solution  and  shak- 
ing with  one  equivalent  of  dimethyl  sulfate,  filtering  off  the  ether  and  re- 
peating the  process  with  the  filtrate  with  V4  of  the  original  amounts  of 
alkali  and  dimethyl  sulfate.  The  fractions  were  combined  and  a  portion 
recrystallized  from  50%  alcohol,  separating  as  large,  nacreous,  hexagonal 
scales  which  melted  at  103-3.5°  with  slight  preliminary  softening.  The 
compound  is  readily  soluble  in  alcohol,  acetone,  chloroform,  or  ether,  and 
disscdves  sparingly  in  cold  benzene,  easily  on  boiling.  It  also  dissolves 
with  difficulty  in  cold  water,  more  easily  on  boiling,  the  imdissolved  por- 
tions melting  to  an  oil. 

Subs.,  0.1714:  (Kjeldahl),  9.6  cc  o.i  N  HCl. 
Calc  for  CioHitOiN:  N,  7.83.    Found:  785. 

3-Metfayl-4-metfaoxy-aniline. — ^The  crude  acetamino  ether  was  boiled 
for  one-half  hour  with  5  parts  of  i  :  i  hydrochloric  add.  The  solution 
was  diluted  with  water,  chilled,  and  made  strongly  alkaline  with  sodium 
hydroxide.  The  3-methyl-4-methoxy-aniline  immediately  separated  in 
crystalline  form  and  was  filtered  off,  washed  with  water,  and  recrystallized 
from  50%  alcohol.  The  yield  obtained  as  outlined  above  from  30  g.  of 
j^cetamino-o-cresol  was  13  g.,  an  additional  1.4  g.  being  obtained  by 
dilution  of  the  mother  liquors  of  the  recrystallization.  The  melting 
point  was  59--9.5*',  as  given  by  Bamberger  and  de  Werra,'  who  obtained 
the  base  by  decomposition  of  tn-tolyl-hydroxylamine  with  methyl  alcohol 
^containing  sulfuric  add.  The  amine  is  easily  soluble  in  alcohol,  acetone, 
benzene,  or  ether,  and  dissolves  very  sparingly  in  cold  water,  readily  on 

>  Bistrzydd  and  Ulffers,  Ber.,  31,  2790  (1898);  Ger,  pats,  79*i74»  84,654. 
'Prepared  according  to  Tms  Journai^,  39,  2198  (191 7). 
<  Ann.,  390,  175  (footnote)  (1912). 
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boiling,  separating  as  an  oil  which  crystallizes  on  rubbing.  It  may  also 
be  obtained  from  hot  Ugroin  as  thidc,  almost  colorless,  hexagonal  plates. 
An  aqueous  suspension  slowly  gives  a  deep  blue-yiolet  ocAor  with  ferric 
chloride,  and  the  base  is  readily  diazotized,  coupling  with  R-salt  to  give  a 
deep  red  color. 

3-Methyl-4-methoxy-chloroacetanilide.— The  base  was  chloroaoetyl- 
ated  as  in  the  previous  experiments,  giving  an  excellent  3rield  of  the  acyl 
derivative  on  diluting  the  reaction  mixtture  with  a  little  water  and  rubbing. 
A  portion  was  reaystallized  twice  from  60%  alcohol,  then  by  dissolving 
in  warm  benzene  and  adding  an  equal  voltune  of  ligroin.  It  forms  delicate 
needles  melting  constantly  at  90-2  **  with  preliminary  s(rftening,  and  dis- 
solving readily  in  the  usual  organic  solvents  except  ligroin. 

Subs.,  0.1524:  (Kjeldahl),  7.15  cc.  0.1  i\rHC!. 

Calc.  for  CioHuOiNCl:  N,  6.56.    Found:  6.57. 

2-Methyl-4-metfaoxy-aniline|  2,4-CHi(CHtO)C«HtNH2.— Twenty  g.  of 
^acetamino-m-cresoP  were  methylated  as  in  the  case  of  the  ^MX>mpound. 
The  yield  of  the  acetamino  ether  was  14.5  g.,  agreeing  in  its  pr<q)crties 
with  those  recorded  by  Blangey,^  who  obtained  the  substance  by  acetyla- 
tion  of  the  amino  compound.  Thirteen  g.  of  the  acetamino  ether  were 
boiled  for  one  hour  with  65  cc.  of  i  :  i  hydrochloric  add,  diluted,  chilled, 
and  the  solution  made  strongly  alkaline  with  25%  sodium  hydroxide  solu- 
tion. The  oily  base  was  extracted  with  ether,  and  after  drying  over 
sodium  sulfate  the  solvent  was  distilled  off  and  the  residue  fractionated 
in  vacuo.  Nine  g.  of  2-methyl-4-methoxyaniline  were  obtained,  boiling 
at  144-52  ®  (almost  all  at  146-7**)  under  a  pressure  of  23  mm.  The  almost 
colorless  Uquid  oystallized  as  diamond-shaped  platelets  on  chiUing. 
These  melted  at  13-14**  (corr.),  the  melting  point  being  unchanged  on 
reaystallization  from  ligroin.  Bamberger  and  Blangey,*  who  obtained 
the  base  by  treating  (>-tolyl-hydroxylamine  with  methyl  alcohol  contain- 
ing sulfuric  add,  give  the  mdting  point  as  29-30®.  In  other  respects  their 
description  was  confirmed. 

Subs.,  0.1459:  (Kjeldahl),  10.65  cc.  o.i  iVHCL 
Calc.  for  CiHiiON:  N,  10.22.    Found:  10.23. 

2-Methyl-4-metfaox7-chloroacetanilide. — On  treating  8.7  g.  of  2-meth- 
yl-4-methoxy-aniline  with  a  mixture  of  45  cc.  of  gladal  acetic  add  and  45  cc. 
of  saturated  sodium  acetate  solution  what  appeared  to  be  the  acetate  of 
the  base  oystallized  at  once.  A  dear  solution  was  obtained,  however, 
after  adding  an  additional  no  cc.  of  50%  acetic  add.  The  solution  was 
then  chilled  and  treated  cautiously  with  7 . 2  cc.  of  chloroacetyl  chloride, 
with  continued  cooling  and  vigcn-ous  shaking.     Precipitation  of  the  chloro- 

>  Tras  JouxNAi^,  39,  2200  (191 7). 

*  Dissertation,  Zfirich,  1903. 

*  Ibid,,  also  Ann,,  390,  174  (footnote)  (191 2). 
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acetyl  derivative  was  completed  by  adding  an  equal  volume  of  water. 
After  recrystallization  from  85%  alcohol  the  yield  was  u .  5  g.  Recrys- 
tallized  again  from  toluene,  in  which  the  substance  is  very  easily  soluble 
at  the  boiling  point  and  very  sparingly  so  in  the  cold,  it  separates  as  hair- 
Kke  needles  which  melt  constantly  at  134.5-5.5^.  K  is  practically  in- 
soluble in  cold  water  but  dissolves  appreciably  on  boiling.  It  is  sparingly 
soluble  in  cold  alcohol,  easily  on  boiling,  and  dissolves  readily  in  acetone 
or  chloroform. 

Subs.,  0.1749:  (Kjeldahl),  8.15  cc  o.z  N  HCl. 

Cak.  for  Ci^uO^Cl:  N,  6.56.    Found:  6.53. 

m-Nitro-/>-anisidine  (3-nitro-4-methoi7-aiiiline).— This  substance  was 
prepared  by  nitrating  acet-Z'-anisidide  according  to  German  patent 
101,778  and  saponifying  by  boiling  the  nitro  derivative  with  25%  sul- 
furic add  for  V«  hour.  The  resulting  solution  was  diluted  with  water, 
cooled  somewhat,  and  made  strongly  alkaline.  The  base  was  extracted 
with  ether,  the  solvent  distilled  off,  and  the  residue  dried  on  a  porous  plate. 
The  crude  product  was  dissolved  in  cold  benzene  and  recrystallized  by 
cautiously  adding  Hgroin  and  rubbing.  i6  g.  of  acet-^-anisidide  gave 
10.4  g.  of  the  nitro-anisidine,  melting  at  55-7^  and  not  at  50^  as  stated  in 
the  patent.  Recrystallized  twice  from  toluene,  cooled,  and  treated  with 
bone  blade  the  first  time  to  remove  a  slight  turbidity,  the  compound 
separated  slowly  as  a  hard  crust  of  red  prisms  which  mdted  constantly  at 
57-7. 5 ^^  (corr.).  As  so  obtained,  the  substance  still  contained  a  small 
amount  of  an  amorphous  residue  which  could  be  removed  by  dissolving 
in  hot  ether,  filtering  from  the  residue,  adding  ligroin,  and  letting  the 
ether  evaporate  gradually.  The  nitro-anisidine  gradually  separated  as 
orange-red  prisms  and  plates  which  mdted  as  above.  It  is  readily  solu- 
ble in  the  cold  in  acetone,  alcohol,  or  ether,  rather  less  so  in  benzene,  and 
difficultly  in  cold  toluene  or  water,  readily  on  boiling.  It  dissolves  in 
warm  10%  hydrochloric  add  with  a  pale  jrellow  color,  the  hydrochloride 
separating  on  cooling  as  almost  colorless,  glistening  platdets.  It  is  readily 
diazotized,  giving  a  sparingly  soluble,  orange-red  dye  with  R-salt. 

Subs.,  0.1 182:  16.6  cc.  N  (19.5*,  760  mm.). 

Calc.  for  CiHtOiNi:  N,  16.67.    Found:  1640. 

3-Nitro-4-metfaoxy-€hloroacetanilide. — ^Five  g.  of  the  nitro-anisidine 
were  dissolved  in  25  cc.  of  gladal  acetic  add  and  chloroacetylated  in 
the  usual  way  after  adding  25  cc.  of  saturated  sodium  acetate  solution. 
The  acyl  derivative  separated  during  the  reaction  and  was  filtered  off 
after  adding  several  volumes  of  water.  The  yidd  was  6.7  g.  A  portion 
was  recrystallized  from  alcohol,  then  twice  from  ethyl  acetate,  in  which 
it  is  rather  difficultly  soluble,  forming  golden  yellow,  flat  needles  melting 
at  1 49.5-5 1. 5 **.  The  substance  dissolves  quite  readily  in  cold  acetone 
and  is  somewhat  soluble  in  cold  chloroform,  more  easily  on  boiling.    It  is 
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very   diflScultly   soluble   in   cold  water  but   dissolves    appreciably   on 
boiling. 

Subs.,  0.1284:  12.5  cc.  N  (19.5',  766  mm.). 

Calc.  for  C»H904NsCl:  N»  11.46.    Fotmd:  11.46. 

3-Acetamino-6-methoxy-benzenesulfonic  Acid. — ^Thirty  g.  of  3-amino- 
6-metlioxy-benzenesulf onic  add  (prepared  by  sulfonating  p-anisidine^  were 
pulverized,  dissolved  in  147  cc.  of  N  sodium  hydroxide  solution  and  shaken 
vigorously  for  10  minutes  with  18.2  cc.  of  acetic  anhydride.  The  solu- 
tion was  then  concentrated  to  dryness  in  vacuo  and  the  residue  taken  up 
with  acetone,  filtered  off,  washed  with  acetone,  and  dried.*  The  yield 
of  crude  sodium  3-acetamino-6'methoxy-benzenesulfonate  was  41.3  g. 

A  portion  of  the  salt  was  dissolved  in  2  parts  of  hot  water  and  the  solu- 
tion treated  with  bone  black  and  filtered.  On  adding  to  the  filtrate  an 
equal  voltune  of  10%  hydrochloric  add  and  rubbing  the  add  separated 
quickly  as  microscopic  rhombs.  These  were  filtered  off,  washed  with  a 
little  10%  hydrochloric  add,  and  recrystallized  from  a  small  volume  of 
water  containing  a  few  drops  of  acetic  add.  The  add  separated  on  cool- 
ing and  seeding  as  minute,  flat  needles.  When  rapidly  heated  to  195^, 
then  slowly,  it  intumesces  at  197-8®,  resolidifies,  g^mLually  turns  ydlow 
as  the  temperature  is  further  raised,  and  finally  melts  again  with  gas  evolu- 
tion at  about  250**.  It  is  readily  soluble  in  water  and  only  sparingly  in 
boiling  methyl  alcohol,  ethyl  alcohol,  or  acetic  add. 

Subs.,  0.1672:  (Kjcldahl),  9.7  cc  o.i  N  HCl. 
Calc.  for  CgHuOiNS:  N,  5.71.    Found:  580. 

3-Acetamino-6-methox7-benzene-sulfonamide,3,6-CHsCONH(CH30)- 
CeHiSOsNHa. — 21.7  g.  of  the  crude,  dry  sodium  acetamino-methoxy- 
benzenesulfonate  were  intimately  mixed  in  a  mortar  with  16.8  g.  of  phos- 
phorus pentachloride,  transferred  to  a  flask  with  a  drying  tube  attached, 
and  heated  for  one  hour  at  50°.  Hydrc^^en  chloride  was  copiously  evolved 
and  at  the  end  the  flask  was  evacuated  for  about  ^/j  hour  in  order  to  re- 
move as  much  of  the  phosphorus  oxychloride  as  possible.  The  residue 
was  then  ground  up  with  ice,  filtered  off  when  pulverulent,  and  the  crude 
chloride  allowed  to  stand  for  2  days  with  130  cc.  of  i  :  i  ammonium 
hydroxide.  Nine  g.  of  crude  amide  were  obtained  in  this  way,  and  the 
product  was  suflSdently  pure  for  conversion  into  the  amino  amide.  Anal- 
ysis showed  that  reaystallization  from  alcohol  was  insuffident  to  ensure 
a  pure  product.  As  obtained  in  this  way  the  sulfonamide  forms  faintly 
yellow,  radiating  aggregates  of  minute,  compact  oystals  which  are  only 
difficultly  soluble  in  boiling  alcohol.  When  rapidly  heated  to  230®,  then 
slowly,  the  substance  mdts  to  a  dark  Uquid  at  233-5.5°,  with  slow  gas 
evolution. 

^  Bauer,  Ber,,  42,  2  no  (1909). 

^  Cf.  This  Jgurkai^,  39,  2428  (191 7). 
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Subs.,  0.2510:  (Kjeldalil)»  19.35  cc  o.i  N  HCL 
Calc.  for  C»Hu04NtS:  N,  11.48.    Found:  10.80. 

3-Aiiiino-6-metfao37-benzeiie-stilf6nainide. — 6.5  g.  of  the  crude  acet- 
amino  amide  were  boiled  for  V«  hour  with  35  cc.  of  i :  i  hydrochloric 
add.  After  cooling  the  solution  was  made  just  alkaline  with  ammonia  and 
the  precipitated  amino-sulfonamide  reoystallized  from  50%  alcohol.  The 
3deld  was  3.4  g.  Recrystallized  again  from  50%  alcohol  it  separated 
from  the  cold,  supersaturated  solution  as  radiating,  branched  aggregates 
of  minute,  cream-colcn-ed  spindles  which  melted  at  184.5-6.0®  with  pre- 
liminary softening.  It  is  difficultly  soluble  in  the  usual  neutral  organic 
solvents  but  dissolves  readily  in  boiling  water  or  50%  alcohol,  less  easily  in 
boiling  95%  alcohol.  It  dissolves  in  dil.  hydrochloric  add  or  sodium  hy- 
droxide solution,  the  add  solution  diazotizing  readily  and  coupling  with 
R-sah  to  give  a  deep  red  color.  An  aqueous  solution  gives  a  slowly  de- 
vdoping  brownish  pink  color  with  ferric  chloride. 

Sube.,  0.1533:  (Kjeldahl),  15.05  cc.  o.i  NHCi. 
Cak.  for  CTHioOsNtS:  N,  13.87.    Pound:  13.77. 

(B)  Derivatives  of  the  Ethers  of  4-Amino-pyrocatechoL 
3,4-Methylenedioxy-cMoroacetaniUde,  3,4-CHtOiC6H|NHCOCHiCl.— 
Pour  g.  of  3,4-methylenedioxy-aniline  hydrochloride  (from  the  nitro  com- 
pound with  tin  and  hydrochloric  add  in  dilute  alcohol)  were  dissolved  in 
40  cc.  of  50%  acetic  add  and  20  cc.  of  saturated  sodium  acetate  solution, 
chilled  in  ice-water,  and  treated  with  3  cc.  of  chlcM-oacetyl  chloride.  The 
resulting  mixture  was  ground  up  in  a  mortar,  diluted  with  an  equal  vol- 
mne  of  water,  and  the  predpitate  filtered  off  and  washed  with  water. 
After  recrystallization  from  85%  alcohol  the  yidd  was  3.5  g.,  the  sub- 
stance forming  both  prismatic  needles  and  gUstening  platdets.  After  3 
subsequent  recrystallizations  from  toluene,  in  which  it  is  easily  soluble 
at  the  boiling  point,  but  difficultly  in  the  cold,  the  substance  separated 
entirdy  as  pltunes  of  microscopic  needles  which  mdted  constantly  at 
157.5-8.5**  with  preliminary  softening.  It  is  readily  soluble  in  acetone, 
somewhat  less  easily  in  chloroform,  and  only  sparingly  in  cold  alcohol, 
readily,  however,  on  warming.  It  also  dissolves  in  boiling  water  and  only 
very  difficultly  in  the  cold.  The  compound  gives  a  pale  yellow  color  with 
-sulfuric  add. 

Subs.,  0.1503:  (Kjeldahl),  7.0  cc.  0.1  iV  HCl. 

Calc.  for  C»H80iNCl:  N,  6.56.    Found:  6.52. 

4-Chloroacet]^amino  -  guaiacol,  3,4-CHsO(HO)CeH|NHCOCHjCl.  — 
16.7  g.  of  4-aminoguaiacol^  were  dissolved  in  a  warm  mixture  of  100  cc.  of 
acetic  add  and  100  cc.  of  saturated  sodium  acetate  solution,  rapidly  chilled, 
and  cautiously  treated  with  15  cc.  of  chloroacetyl  chloride.  The  resulting 
solution  was  concentrated  to  small  bulk  in  vacuo  and  the  crude,  crystalline 
»  This  Jodknai,,  41,  467  (1919). 
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chloro-acetyl  derivative  recrystallized  from  a  small  volume  of  50%  alco- 
hol. The  yield  was  17.5  g.  Recrystallized  from  water  with  the  aid  of 
bone  black,  it  forms  slightly  pinkish,  thin,  nacreous  plates  which  melt 
at  1 13-4®  with  slight  preliminary  softening.  The  substance  dissolves 
readily  in  acetone,  alcohol,  or  hot  water,  less  easily  in  hot  benzene,  and 
only  sparingly  in  cold  water  en*  cold  benzene.  An  aqueous  solution  gives 
a  yellow-brown  color  with  ferric  chloride. 

Subs.,  0.1554:  8.8  cc.  N  (28.5*,  755  mm.). 
Calc.  for  CfHioOiNCl:  N,  6.50.    Found:  6.37. 

5-Chloroacetylamino  -  guaiacol»  3,4-HO(CHaO)C«HtNHCOCH»Cl.  — 
5-Nitroguaiacol  (m.  p.  104^)  was  reduced  according  to  Mameli.^  After 
concentrating  the  detinned  solution  in  vacuo  and  washing  with  a  little 
I  :  I  hydrochloric  add,  the  5-aminoguaiacol  hydrochloride  (N,  7.83; 
calc,  7.98)  formed  practically  colorless  crystals  which  melted  to  a  semi- 
fluid mass  at  about  160^  and  became  completely  fluid  and  decomposed 
at  about  180^  when  rapidly  heated.  An  aqueous  solution  gives  a  deep 
brown-red  color  with  ferric  chloride. 

Six  g.  of  the  hydrochloride  were  dissolved  in  25  cc.  of  water  and  chloro- 
acetylated  in  the  usual  way  after  adding  10  cc.  of  acetic  add  and  30  cc. 
of  saturated  sodium  acetate  solution.  The  substance  crystallized  on 
shaking  and  rubbing  and  was  reaystallized  from  water  containing  a  few 
drops  of  acetic  add,  forming  slightly  pinkish  hexagonal  plates  and  prisms 
mdting  at  128-48®  with  preliminary  softening.  The  3rield  was  only  2.7 
g.,  owing  to  considerable  loss  during  the  reoystallization.  Two  subse- 
quent recrystallizations  from  toluene  gave  the  melting  point  140-50®, 
with  preliminary  softening,  the  compound  forming  pale  pink,  nacreous 
platdets.  It  dissolves  in  alcohol,  ethyl  acetate,  boiling  toluene,  or  boil- 
ing water,  and  is  almost  insoluble  in  cold  toluene  or  benzene. 

Subs.,  0.151a:  (Kjeldahl),  6.9  oc.  o.i  N  HCl. 
Calc.  for  CfHioOtNCl:  N,  6.50.    Found:  6.39. 

^ulfophenylazo-o'-etfaoxy-phenoli  /'-HOaSCeHiN :  NCeHsCOCsHft)-^ 
OH (3 ',4'-). — 23 . 1  g.  of  air-dry  soditun  sulf  anilate  (o.  i  mol.)  were  dissolved 
in  400  cc.  of  ice  and  water,  7  g.  of  soditun  nitrite  added,  and  60  cc.  of  i  :  i 
hydrochloric  add  run  in,  with  stirring.  The  resulting  mixtture  was  slowly 
added  to  a  solution  of  13.8  g.  of  (>-ethoxyphenol  (guethol),  keeping  the 
temperature  at  20°  by  adding  ice.*  After  stirring  for  15  minutes,  the 
deep  orange-brown  solution  was  addified  strongly  with  cone  hydrochloric 
add.  On  rubbing  and  stirring  the  dye  separated  quickly  as  glistening, 
coppery  aggregates  of  platdets.  After  letting  stand  overnight  in  the 
ice  box  the  dye  was  filtered  off  and  washed  with  10%  hydrochloric  add 
and  then  with  acetone.    The  yidd  was  26.3  g.    A  portion  was  recrjrs* 

*  Chem.  CetUr,,  1908, 1,  25. 

*  Cf .  the  analogous  preparation  of  4-aminoguaiac(d,  Loc,  cit. 
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tallized  from  water,  in  which  it  is  difficultly  soluble  in  the  cold,  easily  on 
boiling,  forming  dark  red  platelets  with  a  purple  reflex.  After  wadiing 
with  a  little  water,  then  with  acetone,  and  air-drying,  the  substance  con- 
tained approximately  2  molecules  of  water  of  oystallization.  When 
rapidly  heated  the  anhydrous  compound  melts  and  evolves  gas  at  about 
220^,  with  preliminary  decomposition,  while  if  the  heating  is  slow  above 
200^  it  merely  softens  and  gradually  decomposes  as  the  temperature  is 
raised.  The  dye  is  readily  soluble  in  methyl  alcohol,  less  easily  in  abso- 
lute alcohol,  changing  to  orange.  It  is  somewhat  soluble  in  boiling 
acetic  acid,  difficultly  in  cold  water,  the  color  changing  to  bright  orange- 
red  owing  to  formation  of  the  hydrate.  It  dissolves  readily  in  boiling  water 
and  gives  a  bright  red  color  with  cone,  sulfuric  add. 

Subs.,  air-dry,  0.3140:  loss,  0.0338  in  vacuo  at  100^  over  HtS04. 
Calc  for  Ci4Hi40sNsS.2HsO:  HsO,  10.06.    Pound:  10.76. 
Subs.,  anhydrous,  0.1364:  10.55  cc  N  (30.5^,  755  nun.}. 
Calc  for  CuHmOiNiS:  N,  8.70.    Pound:  8.64. 

4.Amino-6-etfaoi7-ptienol|  4,6-HfN(CtH60)C6HaOH.— Seventy-two  g.  of 
the  crude  dye  were  dissolved  in  720  cc.  of  10%  aqueous  ammonia  and 
treated  with  a  rapid  stream  of  hydrogen  sulfide.  The  solution  became 
hot,  suddenly  decdorized,  and  then  began  to  deposit  the  aminophenol. 
After  passing  in  hydrogen  sulfide  for  V2  hour  the  mixture  was  cooled  with 
ioe-water  and  the  aminophenol  filtered  off  and  dried.  The  yield  was  29 
g.  Recrystallization  from  85%  alcohol  yielded  an  impure  product,  ap- 
parently owing  to  partial  oxidation,  so  a  portion  of  the  substance  was 
suspended  in  a  little  water,  dissolved  by  adding  hydrochloric  add,  and 
the  solution  treated  with  soditun  acetate.  The  resulting  precipitate  of 
dark,  fiocculent  material  was  filtered  off  with  the  aid  of  bone  black  and  the 
filtrate  neutralized  with  sodium  hydrogen  carbonate.  Under  these  con- 
ditions the  compound  separated  as  almost  colorless,  minute,  gUstening, 
hexagonal  platelets  melting  to  a  deep  brown  liquid  at  186-8°  with  pre- 
liminary darkening  and  softening.  The  aminophenol  is  readily  soluble 
in  hot  acetone,  less  easily  in  the  cold,  and  dissolves  in  boiling  alcohol 
and  only  sparingly  in  the  cold.  It  is  rather  sparingly  soluble  in  boiling 
water  and  disscdves  in  alkali  with  a  gray  lilac  color,  changing  to  deep 
violet.  An  alcoholic  solution  gives  an  olive  color  with  ferric  chloride. 
The  substance  also  ttuns  purple  with  sulfuric  add,  but  dissolves  with 
very  little  color. 

Subs.,  0.1493:  (Kjeldahl),  9.7  cc.  o.i  N  HCl. 
Calc.  for  CiHuOiN:  N,  9.15.    Pound:  9.10. 

4-Acetamino-6-etfaox7-phenoL — ^Twenty-nine  g.  of  the  crude  amino- 
phenol were  dissolved  in  145  cc.  of  warm  50%  acetic  add,  chilled  in  ice- 
water,  and  shaken  with  23  g.  (1.2  mols.)  of  acetic  anhydride.  The  acetyl 
derivative  crystallized  on  rubbing,  and  after  diluting  with  a  little  water 
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and  letting  stand  in  the  ice  box  the  collected  product  was  reoystallized 
from  50%  alcohol.  The  yield  was  23.4  g.  Reoystallized  first  from 
water  containing  a  few  drops  of  acetic  add,  using  bone  black,  then  from 
50%  acetic  add,  the  acetaminophenol  forms  practically  colorless,  nacreous 
platdets  which  mdt  at  165.5-6.5°  with  preliminary  softening.  It  is 
readily  soluble  in  alcohol  at  room  temperature,  the'  solution  giving  an 
olive  color  with  ferric  chloride.  It  is  very  difficultly  soluble  in  cold  water, 
easily  on  boiling,  an  aqueous  suspension  giving  an  orange  color  with  ferric 
chloride.  The  substance  is  soluble  in  warm  acetone,  sparingly  in  the  cold, 
and  is  also  sUghtly  soluble  in  boiling  benzene. 

Subs.,  0.1875:  (KJeldahl),  9.8  cc.  0.1  N  HCL 

Calc.  for  CioHitOiN:  N,  7.19.    Found:  7.32. 

4-Cliloroacetylamino-6-etho37-{ihenoL — In  this  case  it  was  necessary 
to  add  6  additional  parts  of  50%  acetic  add  to  the  usual  acetic  add- 
sodium  acetate  mixture  before  a  dear  solution  could  be  obtained.  The 
crude  chloroacetyl  derivative  was  reoystallized  from  50%  alcohol,  in 
which  it  is  easily  soluble  at  the  boiling  point  and  only  sparingly  so  a  few 
degrees  bdow.  The  yidd  was  equal  to  the  amoimt  of  aminophenol 
taken.  Reoystallized  again  from  boiling  toluene  it  forms  woolly 
needles  which  mdt  at  155-6**  with  preliminary  softening.  It  dis- 
solves readily  in  acetone  and  in  boiling  chloroform  or  alcohol,  less 
easily  in  the  last  two  in  the  cold.  It  also  dissolves  in  cold  methyl  alco- 
hol or  boiling  water,  and  is  rather  sparingly  soluble  in  boiling  toluene. 

Subs.,  0.1546:  (Kjeldahl),  6.55  cc  0.1  iV  HCl. 
Calc.  for  CioHuOiNCl:  N,  6.11.    Found:  5.93. 

4-Acetamino-guaiacol. — ^Porty  g.  of  4-aminoguaiacol^  were  dissolved  in 
200  cc.  of  50%  acetic  add  and  shaken  with  i .  2  molecular  equivalents  of 
acetic  anhydride.  The  resulting  solution  was  concentrated  to  dryness 
in  vacuo  and  taken  up  in  the  minimum  amount  of  water.  The  acetyl 
derivative  crystallized  on  rubbing  and  letting  stand,  and  was  filtered  off, 
dried,  and  recrystaUized  by  dissolving  in  hot  ethyl  acetate,  treating  with 
bone  black,  and  predpitating  with  the  aid  of  ether.  The  yield  was  25  g., 
the  substance  corresponding  in  its  properties  with  that  reported  in  the 
literature.*  An  additional  amount  was  recovered  by  concentrating  the 
mother  liquors  and  adding  ether. 

4-Aniino-veratrol. — 12.5  g.  of  4-acetaminoguaiacol  were  methylated  in 
the  usual  way  with  dimethyl  sulfate  and  potassiiun  hydroxide  solution, 
saturating  with  salt  at  the  end  to  complete  the  separation  of  the  acet- 
amino-veratrole.  This  was  filtered  off,  washed  with  a  little  ice-water, 
and  saponified  by  boiling  for  50  minutes  with  25%  sulfuric  add.  The 
solution  was  chilled,  made  strongly  alkaline,  and  the  crystalline  base  fil- 

» Loc,  cU. 

*  Ber.,  39,  3340;  Chem,  ZerUr.,  191 1,  II,  1437. 
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tered  off  and  washed  first  with  saturated  sodium  chloride  solution,  then 
with  a  little  ice-water.  The  yield  was  7.5  g.,  corresponding  in  its  proper- 
ties with  those  recorded  in  the  literature. 

3i4-Dimethozy-chloroacetanilide. — ^Five  g.  of  4-amino-veratrol  were 
chloroacetylated  as  in  previous  experiments.  After  recrystallization  from 
50%  alcohol  the  yield  was  6.2  g.  Recrystallized  from  benzene  it  forms 
long,  sUky  needles  which  melt  constantly  at  133.5-4.5  ^^  with  slight  pre- 
liminary softening.  The  compound  dissolves  readily  in  chloroform  or 
acetone,  rather  sparingly  in  cold  alcohol,  easily  on  warming,  and  also  dis- 
serves in  boiling  water  or  boiling  benzene. 

Subs.,  0.1655:  (Kjeldahl),  7.35  cc  o.i  NKO. 
Calc  for  CioHuO  NCI:  N,  6.1 1.    Pound:  6.22. 

3.Methoxy-4-cthoxy-acetaiiiUde,  3,4-CH,0(CiH60)C6HJSrHCOCH,.— 
16.7  g.  of  4-aoetamino-guaiacol  were  dissolved  in  the  mitiimtrm  amount 
of  boiling  water  and  treated  with  95  cc.  of  N  potassium  hydroxide  solu- 
tk>n,  the  temperature  dropping  to  45*^.  Twelve  g.  of  diethyl  sulfate 
were  then  added  in  small  portions,  with  vigorous  shaking,  the  tempera- 
ture remaining  at  45-50^  and  the  ether  separating  before  all  of  the  diethyl 
sulfate  had  been  added.  After  shaking  for  a  few  minutes  longer  50  cc. 
more  of  N  potassium  hydroxide  solution  were  added,  the  temperature  was 
raised  to  50^,  and  the  mixture  then  shaken  with  an  additional  6  cc.  of 
diethyl  sulfate.  After  treating  with  aqueous  ammonia  to  decompose 
any  unchanged  diethyl  sulfate,  the  mixture  was  cooled,  allowed  to  stand, 
and  the  product  filtered  off  and  dried.  The  yield  was  15.8  g.  A  portion 
was  reoystallized  first  from  water,  in  which  the  colored  impurities  re- 
mained insoluble,  and  then  from  toluene,  separating  as  long,  narrow, 
nacreous  plates  which  melt  at  148. 5-50  ^^  with  slight  preliminary  softening. 
The  compound  separates  from  water  as  thick  plates  and  columns.  It 
also  dissolves  in  sdcohol  or  acetone  at  room  temperature,  and  dissolves 
readily  in  hot  benzene  and  freely,  but  slowly,  in  boiling  toluene. 

Subs.,  0.1518:  (Kjeldahl),  7.4  cc.  o.i  N  HCl. 
Calc.  for  CuHuOiN:  N,  6.70.    Pound:  6.83. 

As  stated  in  the  introduction,  this  substance  appears  to  have  been  ob- 
tained by  Freyss.^ 

3-Metiiozy-4-ethozy-aniline. — 14.5  g.  of  the  acetamino  compotmd 
were  boiled  for  55  minutes  with  70  cc.  of  25%  sulfuric  add.  The  mixture 
^was  cooled,  causing  the  sulfate  to  separate  as  large  plates,  and  was  made 
strongly  alkaline  and  shaken  out  with  ether.  After  drying  the  ethereal 
extract,  Concentrating,  and  fractionating  the  residue  in  vacuo,  6  g.  of  the 
base  were  obtained.  It  is  a  faintly  yellow,  very  viscous  liquid,  which 
txHls  at  175-6^  tmder  a  pressure  of  20  mm.  and  soon  solidifies  to  a  mass  of 
prismatic  needles  which  show  a  solidification  point  of  55*^  (corr.)  when 
» Loc.  cU. 
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the  thennometer  is  placed  in  the  crystallizing  Uquid.  A  few  of  the  crys- 
tals, crushed  on  a  porous  plate,  melted  with  preliminary  softening  at 
55*^  to  a  turbid  liquid  which  cleared  completely  at  59*^.  The  crystalline 
base  dissolves  readily  at  room  temperature  in  alcohol,  benzene,  or  ether, 
and  only  sparingly  in  Ugroin.  It  is  difficultly  soluble  in  water,  the  solu- 
tion turning  brown  with  ferric  chloride  and  changing  through  wine-red 
to  reddish  ptuT>le  on  standing.  From  a  solution  in  an  excess  of  dil.  hydro- 
chloric acid  the  hydrochloride  separates  on  chilling  as  very  thin,  nacreous 
scales.  It  is  readily  diazotizable,  the  purple-red  diazo  solution  (brownie 
green  in  thin  layers)  coupling  with  R-salt  to  give  an  intense  purple-red 
e^lor. 

Subs.  0.1337:  (Kjeldahl),  7.8  cc.  o.i  NUCX, 

Calc.  fcr  C»HiiOtN:  N,  8.39.    Found:  8.19. 

3-Methozy-4-ethoxy-chloroacetanilide. — 3.5  g  of  the  base  were  chloro- 
acetylated  in  a  mixture  of  45  cc.  of  50%  acetic  add  and  15  cc.  of  ^dturaied 
sodium  acetate  solution.  After  diluting  with  water  and  washing  the 
collected  product  the  yield  was  4  g.  ReoystrMue^l  »rom  a  small  volume 
of  50%  alcohol,  in  which  it  is  easily  soluble  at  the  boiling  pcnnt  and  very 
much  less  so  on  cooling  even  a  few  degrees,  the  substance  forms  long, 
silky  needles  which  melt  slowly  at  133-4^  with  slight  preliminary  softening. 
It  dissolves  readily  in  acetone  or  chloroform,  less  easily  in  the  cold  in  alco- 
hol or  benzene,  and  is  fairly  readily  soluble  in  boiling  water. 

Subs.,  0.1586:  (Kjeldahl),  6.7  cc.  o.i  N  HQ. 

Calc.  for  CuHmOjNCI:  N,  5. 75-     Found:  5. 92. 

4-Methozy-s-ethozy-acetanilide»  4.5-CH|0(C2H60)C6lW^HCOCHt.— 
Eighteen  g.  of  4-acetamino-6-eth6xy-phenol  (see  p.  1459)  were  dissolved 
in  100  cc.  of  N  potassium  hydroxide  solution  and  the  deep  blue  solution 
methylated  in  the  usual  way  by  means  of  dimethyl  sulfate.  The  methyl 
ether  separated  almost  at  once  and  the  yield  of  crude  product  was  18.3  g. 
A  portion  was  reoystalUzed  first  from  water,  containing  a  few  drops  of 
acetic  acid,  using  bone  black,  then  from  toluene,  forming  sUghtly  purple, 
very  thin,  nacreous  scales  which  melt  slowly  and  constantly  at  145-6*^ 
with  preliminary  softening.  A  mixture  with  the  3,4-isomer,  which  melts 
only  a  few  degrees  higher,  softens  and  gradually  melts  above  1 15°,  becom- 
ing entirely  dear  at  138°.  The  compound  dissolves  freely  at  room  tem- 
perature in  alcohol,  acetone,  or  chloroform,  and  is  sparingly  soluble  in 
cold  toluene,  easily  on  boiling.  It  is  also  difficultly  soluble  in  cold  water, ' 
but  fairly  readily  so  at  the  boiling  point. 

Subs.,  0.1495:  (Kjeldahl),  7.15  cc.  0.1  N  HCl.  ' 

Calc.  for  CiiHwOjN:  N,  6.70.    Found:  6.70. 

4-Methozy-s-ethozy-aniline. — 17.5  g.  of  the  acetamino  compound 
were  boiled  with  10  parts  of  25%  sulfuric  add.  The  dear,  dark  puqde 
solution  was  cooled  in  a  freezing  mixttu-e,  made  strongly  alkaline,  and 
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extracted  with  ether.  After  (hying  and  concentrating,  the  crystalline  resi^ 
due  was  taken  up  in  boiling  benzene  and  the  solution  treated  with  ligroin 
imtil  the  initial  turbidity  barely  disappeared.  10.2  g.  of  the  base  crystal- 
lized on  seeding.  Recrystallized  from  water  with  the  aid  of  hoae  black, 
then  from  50%  alcohol,  the  substance  separates  slowly  as  faintly  pinkish, 
rhombic  crystals  which  melt  constantly  at  81.5-2°  (corr.),  with  slight  pre- 
liminary softening.  It  dissolves  very  easily  in  acetone  or  benzene,  some- 
what less  readily  in  alcohol  or  ether,  and  only  sparingly  in  50%  alcohol 
at  0°,  but  readily  on  warming.  It  is  quite  soluble  in  boiling  water  and 
rather  di£Bcultly  in  the  cold,  the  aqueous  solution  gradually  giving  an 
intense  violet  color  with  ferric  chloride.  A  solution  of  the  base  in  i  :  i 
hydrochloric  add  soon  deposits  the  hydrochloride  as  delicate,  colorless 
needles.  In  a  dil.  hydrochloric  add  solution  of  the  amine  sodium  nitrite 
gives  a  transient  ptuple  color,  brown  in  thin  layers,  changing  to  brownish 
gray,  and  the  substance  couples  with  R-salt  to  give  a  deep  red  color. 

Subs.,  0.1688:  (Kjddahl),  10.3  cc  o.i  N  HQ. 

Calc.  for  CfHitOiN:  N,  8.39.    Pound:  8.55. 

4-Methozy-s-ethozy-chloroacetanilide. — 5 .  i  g.  of  the  base  were  dis- 
solved in  a  mixture  of  50  cc.  of  50%  acetic  add  and  25  cc.  of  saturated 
sodium  acetate  solution,  diluted  with  100  cc.  of  25%  acetic  add,  nnd 
treated  with  4.3  cc.  of  chloro-acetyl  chloride,  with  chilling  and  stirring. 
The  chloro-acetyl  derivative,  which  separated  immediately,  was  filtered 
off  and  recrystallized  from  alcohol,  the  yield  being  5.6  g.  Recrystallized 
again  from  toluene  it  forms  delicate,  woolly  needles  which  melt  con- 
stantly at  135. 5-6 ^^  with  sUght  preliminary  softening.  It  dissolves 
readily  in  acetone  or  chloroform,  less  easily  in  alcohol,  and  diffi- 
cultly in  cold  toluene  or  benzene,  but  readily  on  boiling.  It  is  rather 
sparingly  soluble  in  boiling  water.  In  its  properties,  therefore,  it  dosdy 
resembles  the  3-methoxy-4-ethoxy  isomer. 

Subs.,  0.1578:  (Kjddahl),  6.4  cc.  o.i  iV  HCl. 
Calc.  for  CiiHwOiNCl:  N,  575.    Found:  5.68. 

Diacetyl-4-amino-p]rrocatechol. — ^Twenty-five  g.  of  crude  4-amino- 
pyrocatechol  hydrobromide^  were  purified  by  solution  in  water  containing 
a  few  drops  of  hydrobromic  add,  treating  with  a  few  grams  of  stannous 
chloride,  detinning  with  hydrogen  sulfide,  and  concentrating  the  solution 
to  dryness  in  vacuo.  The  residue  was  taken  up  in  75  cc.  of  water,  treated 
with  90  cc.  of  saturated  soditun  acetate  solution,  and  shaken  with  14  cc.  • 
(i .  I  mols.)  of  acetic  anhydride.  The  resulting  mixture  was  cooled  and 
filtered  and  the  filtrate  treated  with  solid  sodium  acetate  and  again  shaken 
with  5  cc.  of  acetic  anhydride.  An  additional  amotmt  of  the  diacetyl 
derivative  separated  and  was  filtered  off,  washed  with  a  Uttle  water,  and 
combined  with  the  first  fraction,  the  total  yidd  bdng  14.4  g.  Recrys- 
^  Tms  JauBNAh,  41, 467  (1919). 
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tallized  twice  from  50%  alcohol  containing  a  few  drops  of  acetic  add,  the 
substance  separates  as  thin»  glistening,  faintly  pinkish,  hexagcmal  plate- 
lets which  melt  constantly  at  187 . 5-92  °.  The  compound  dissolves  readily 
in  acetone,  rather  sparingly  in  50%  or  95%  alcohol  at  room  temperature,, 
and  difficultly  in  cold  water,  readily  on  boiling.  An  aqueous  solution 
gives  a  grayish  brown  color  with  ferric  chloride.  An  aqueous  suspension 
dissolves  on  adding  a  drop  of  dil.  sodium  carbonate  or  ammonia,  the  solu- 
tion in  the  latter  case  turning  rose-brown  on  shaking.  When  an  aqueous 
suspension  is  warmed  with  sodium  nitrite  and  a  few  drops  of  acetic  add 
the  resulting  dear  solution  deposits,  on  coohng  and  scratching,  golden 
yellow  platdets  of  a  nitroso  derivative  which  dissolves  in  alkalies  with  a 
brown-red  color,  changing  rapidly  to  purple-red. 

Subs.,  0.1598:  (Kjeldahl),  7.85  cc.  o.i  N  HCl. 
Calc  for  C10H11O4N:  N,  6.70.    Found:  6.88. 

34-Diethozy-acetanilide»  3,4-(C2H60)2C«HtNHCOCH8.— Thirteen  g.  of 
diacetyl-4-amino-p)rrocatech6l  were  suspended  in  about  150  cc.  of  water 
in  a  flask  provided  with  a  3-hole  stopper  through  which  passed  a  gas 
ddivery  tube,  an  exit  tube,  and  a  dropping  funnel.  After  the  air  in  the 
flask  had  been  displaced  by  hydrogen,  no  cc.  of  2  AT  potassium  hydroxide 
solution  (a  Uttle  over  3  mols.)  were  added  through  the  dropping  funnd, 
followed,  after  complete  solution  had  taken  place,  by  16.5  cc.  (2  mols.)  of 
diethyl  sulfate.  The  mixture  was  then  warmed  on  the  water  bath,  shak- 
ing continuously  and  passing  in  a  stream  of  hydrogen.  The  diethoxy- 
acetanilide  finally  separated  in  crystalline  form,  after  which  20  cc.  of 
5  N  potassitun  hydroxide  solution  and  9  cc.  of  diethyl  sulfate  were  added 
and  the  mixture  again  shaken  and  heated.  After  all  of  the  diethyl  sulfate 
had  apparently  been  used  up  ammonia  was  added  and  the  mixture  allowed 
to  cool  slowly.  It  was  finally  chilled  in  ice,  filtered,  and  the  crude  product 
recrystallized  from  a  small  voliune  of  50%  alcohol.  The  yidd  was  4.9 
g.,  agreeing  in  all  of  its  properties  with  the  substance  as  obtained  by 
the  ^temative  method  described  bdow  and  causing  no  sensible  depres- 
sion of  the  mdting  point  when  mixed  with  this. 

4-Acetaniino-6-ethoxy-phenol  (see  p.  1459)  was  ethylated  in  exactly 
the  same  manner  as  described  for  the  ethylation  of  4-acetamino-guaiacol 
(see  p.  1460).  The  yidd  of  crude  3,4-diethoxy-acetanilide  obtained  in 
this  way  was  slightly  more  than  the  amount  of  starting  material  used,  and 
this  method  is  therefore  recommended  when  guethol  is  available,  as  it  is 
more  direct  and  the  yidd  is  better.  Reoystallized  from  50%  alcohol 
it  forms  nacreous  platdets  which  mdt  at  124-5 . 5  ^  with  slight  preliminary 
softening,  thus  agreeing  with  the  description  given  by  Wisinger,^  who  ob- 
tained the  compoimd  by  reduction  of  nitro-pyrocatechol  diethyl  ether, 
acetylation  of  the  amine  hydrochloride,  and  saponification  of  the  diacetyl 
1  Monalsh.,  az,  1015  (1900). 
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derivative  so  obtained.    Wisinger  was  unable  to  isolate  the  free  base  in 
a  state  of  purity,  but  as  will  be  seen  below,  this  offers  httle  di£Bculty. 

Subs.,  0.1740:  (Kjeldahl),  7.75  cc.  o.i  N  HCl. 

Calc  for  CisHnOiN:  N,  6.28.    Pound:  6.24. 

34-Diefliozy-aniline.-^.8  g.  of  the  diethoxy-acetanilide  were  boiled 
for  15  minutes  with  35  cc.  of  i  :  i  hydrochloric  add,  diluted  with  2  parts 
of  water,  cooled  somewhat,  made  strongly  alkaline,  chilled  rapidly,  and 
the  mixture  extracted  with  ether.  The  ethereal  solution,  when  dried  and 
concoitrated,  yielded  4.8  g.  of  the  base  as  a  crystalline  residue.  Re- 
crystallized  fiist  by  dissolving  in  benziene,  adding  ligroin,  and  letting 
stand  in  the  ice  box,  then  from  a  relatively  large  volume  of  ligroin,  it 
separates  as  cream  colored  prisms,  rhombs,  thick  plates,  and  needles  which 
melt  constantly  at  47. 5-8. 5 ^^  (corr.).  It  is  readily  soluble  in  the  cold  in 
the  usual  neutral  organic  solvents  with  the  exception  of  Ugroin,  and  is  also 
appreciably  soluble  in  cold  water.  The  aqueous  solution  gives  an  in- 
tense violet  color  with  ferric  chloride.  When  the  base  is  dissolved  in 
warm,  dil.  hydrochloric  add,  the  hydrochloride  separates  on  cooling  as 
delicate  needles.  A  solution  of  the  salt  gives  a  ptuple  color  with  sodium 
nitrite,  coupling  with  R-salt  to  give  a  piuT)le-red  color. 

Subs.,  0.15 13:  (Kjeldahl),  8.4  cc,o,i  N  HCl. 
Calc.  for  CioHijOiN:  N,  7.74.    Found:  7.78. 

3i4-Dieflioxy-cliloroacetanilide. — ^The  base  was  dissolved  in  a  mix- 
ture of  15  parts  of  50%  acetic  add  and  3  parts  of  saturated  sodium  ace- 
tate solution  and  chloroacetylated  in  the  usual  way.  Predpitation  of 
the  chloroacetyl  derivative  was  completed  by  dilution  with  water.  Re- 
crystallized  first  from  85%  alcohol,  then  from  toluene,  it  forms  hair-like 
needles  which  mdt  at  122.5-4.5^  with  sUght  preliminary  softening  and 
resolidification  a  few  degrees  bdow  the  mdting  point.  The  substance  dis- 
solves readily  in  acetone  or  chloroform,  less  easily  in  cold  alcohol,  and 
only  sparingly  in  cold  toluene  although  very  readily  on  boiling.  It  is 
practically  insoluble  in  cold  water,  appredably  so  on  boiling,  and  dis- 
solves in  cone,  sulfuric  add  with  a  faint  greenish  yellow  color. 

Subs.,  0.1529:  (Kjeldahl),  6.15  cc.  o.i  N  HQ. 

Calc.  for  CifHieOiNCl:  N,  544.     Found:  563. 

(C)  Derivatives  of  the  Ethers  of  Resorcinol. 
p-Sulfophenylazo-m-methoxy-phenol,  />-HOsSC6H4N  :  NCeH^COCH,)- 
Oll{o',p'-). — ^This  substance  was  prepared  exactly  in  the  same  way  as  was 
the  p-sulfophenylazo-(5-ethoxy-phenol  described  above  (p.  1458),  using 
12.4  g.  of  resorcinol  monomethyl  ether.  25.2  g.  of  the  dye  separated 
as  an  orange-red  crystalline  predpitate  on  strongly  addifying  the  reaction 
mixttu^  with  hydrochloric  add.  A  portion  of  the  dye  was  recrystallized 
from  water,  in  which  it  is  sparingly  soluble  in  the  cold,  quite  easily  on 
boiling,  separating  as  lustrous,  brown-orange,  lenticular  platelets.    After 
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washing  with  water,  then  with  acetone,  and  air-drying,  the  compound 
retained  approximately  one  molecule  of  water  of  oystallization.  The  aur 
hydrous  substance  forms  a  brick  red  powder  which  gradually  darkens  on 
heating  and  chars  and  swells  at  about  250^.  It  is  fairly  readily  soluble 
in  absolute  alcohol,  finally  crystallizing  out  again  on  warming  as  short» 
thick,  orange,  microscopic  plates.  It  is  rather  sparingly  soluble  in  boil- 
ing acetic  add,  a  portion  separating  from  the  hot  solvent  in  this  case  as 
well,  apparently  owing  to  combination  with  the  solvent.  The  dye  dis- 
solves in  cone,  sulfuric  add  with  a  yellow  orange  color,  in  dil.  carbonates 
or  alkalies  with  a  reddish  orange  color. 

Subs.,  air-dry,  0.2534:  loss,  0.0163  *«  vacuo  at  loo**  over  HsSOf. 
Calc.  for  CiiHia04NiS.HtO:  HiO,  552.    Found:  6.43. 
Subs.,  anhydrous,  0.1293:  9.8  cc.  N  (24.5®,  770  mm.). 
Calc.  for  CuHuOsNiS:  N,  9.09.    Found:  8.82. 

4.Amino-s-mefliozy-phenol»  4,5-HtN(CH80)C6H»OH.— Twenty-four  g. 
of  f -sulfo-phenylazo-w-methoxy-phenol  were  dissolved  in  240  cc  of  10% 
ammonium  hydroxide  and  treated  with  a  rapid  stream  of  hydrogen  sul- 
fide imtil  the  solution  became  brown  and  the  aminophenol  was  predpi- 
tated.  After  cooling,  the  predpitate,  white  at  first,  was  filtered  off  and 
washed  with  water,  rapidly  turning  gray  on  exposure  to  air.  After  .dry- 
ing in  vacuo  the  yidd  was  7.6  g.  Reoystallized  from  boiling  toluene» 
in  which  it  is  sparingly  soluble,  the  base  separates  as  delicate,  pale  purple- 
brown  needles  which  darken  when  heated,  blacken  markedly  at  about 
160®,  and  then  soften,  finally  mdting  at  1 75-80  ^^  to  a  pinple-bladc  liqtdd. 
The  substance  dissolves  in  alcohol,  but  is  very  sparingly  soluble  in  cold 
water,  although  readily  on  boiling,  the  solution  turning  purple  in  the  air. 
An  aqueous  suspension  gives  a  slowly  devdoping  brownish  ptu^le  color 
with  ferric  chloride. 

Subs.,  0.1500:  (Kjeldahl),  10.8  cc  o.i  N  HCl. 
Calc.  for  CtHsOiN:  N,  10.07.    Found:  10.08. 

The  hydrochloride  of  this  substance  was  obtained  by  Henrich  and 
Rhodius^  by  reduction  of  nitroso-resordnol  monomethyl  ether  with  stan- 
nous chloride,  but  the  free  base  was  not  isolated.  The  isomeric  resordnol 
derivative  containing  the  amino  group  in  the  position  para  to  the  methoxy 
group,  was  obtained  by  Bechhold*  by  reduction  of  the  phenol-azo-resordn 
monomethyl  ether  formed  on  methylation  of  phenyl-azo-resordnoL 

4  -  Acetamino  -  s  -  methoxy  -  phenol. — ^4-Aniino-5-methoxy-phenol  was 
acetylated  in  50%  acetic  add  solution  by  means  of  acetic  anhydride. 
The  resulting  solution  was  concentrated  to  dr3mess  in  vacuo  and  the 
residue  taken  up  in  hot  water  and  the  solution  treated  with  bone  black 
and  filtered.    The  acetyl  derivative  separated   on   standing   overnight. 

*  Ber„  35,  1485  (1902). 

*  Ibid.,  22,  2378  (1889). 
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Recrystallized  with  the  aid  of  bone  black  from  water  containing  a 
few  drops  of  acetic  add,  then  from  toluene,  which  removes  a  black  im- 
purity»  the  acetaminophenol  separates  as  pale  pink  aggregates  of  minute 
needles  which  b^;in  to  melt  above  140®  when  slowly  heated  and  finally 
melt  completely  at  169-7 1.5**.  When  rapidly  heated  the  substance 
melts  at  150-5^,  resolidifies  in  a  few  moments,  and  then  melts  again  at 
169-71^.  It  is  soluble  in  cold  alcohol  or  acetone  and  dissolves  rather 
sparingly  in  cdd  water,  readily  on  boiling,  separating  on  cooling  as  radia- 
ting masses  or  spears. 

Subs.,  0.1571 :  (Kjddahl),  8.70  cc  o.i  N  HCl. 

Calc  for  CgHuQiN:  N,  7.74.    Pound:  7.76. 

4-Cliloroacetyl-amino-5-mefliozy-ph6nol. — ^Five  g.  of  crude  4-amino- 
5-methoxy-phenol  were  dissolved  in  60  cc.  of  50%  acetic  add  and  treated 
with  bone  black.  The  filtrate  was  treated  with  25  cc.  of  saturated  sodium 
acetate  solution  and  chloroacetylated  in  the  usual  way.  After  recrys- 
tallization  from  50%  alcohol  the  yidd  of  the  acyl  derivative  was  5 .  i  g. 
Recrystailized  again  from  ethyl  acetate  it  forms  practically  colorless, 
nacreous  platdets  which  mdt  constantly  at  165.5-6.5^  with  preliminary 
softening.  The  substance  is  easily  soluble  in  cold  alcohol  or  acetone, 
also  in  boiling  ethyl  acetate  or  water,  but  sparingly  in  the  cold.  It  is 
also  very  difficultly  soluble  in  boiUng  chloroform. 

Subs.,  0.1534:  (Kjeldahl),  7.25  cc  0.1  NKO, 

Calc  for  CiHioOiNQ:  N,  6.50.    Pound:  6.53. 

/>-Sulfoidienylazo-m'-ethozy-phenoL — ^This  substance  was  prepared 
exactly  as  given  for  the  analogous  dyes  already  described,  using  13.8  g. 
of  resordnol  monoethyl  ether.  The  product  separated  slowly  on  addi- 
fying  strongly  with  hydrochloric  add,  and  was  filtered  off  after  standing 
in  the  refrigerator  overnight,  washed  with  ice-water  and  acetone,  and 
dried.  The  yidd  was  25.4  g.  Recrystailized  from  water,  it  forms  flat, 
minute,  glistening,  brown  orange,  pointed  needles  and  narrow  plates  with 
bevelled  edges.  After  washing  with  acetone  and  air-drying,  the  substance 
contained  approzimatdy  one  molecule  of  water  of  crystallization.  The 
anhydrous  substance  forms  a  brick-red  powder  which  blackens  at  about 
250-5**  and  softens  on  further  heating,  but  does  not  mdt  bdow  285 *'.  It 
is  difficultly  soluble  in  boiling  absolute  alcohol  or  acetic  add  and  is  prac- 
tically insoluble  in  boiling  acetone.  In  sulftuic  add  it  gives  a  bright 
orange  color.  It  dissolves  rather  sparingly  in  cold  water  with  the  same 
color,  becoming  sUghtly  more  red  on  adding  alkaU. 

Subs.,  air-dry,  0.5054:  loss,  0.0306  in  vacuo  at  100®  over  HtSOf. 
Calc  for  Ci4HmOiNiS.HiO:  HjO,  5.30.    Found:  6.06. 
Subs.,  anhydrous,  0.1197:  9.05  cc.  N  (23.5®,  759  mm.). 
Calc  for  Ci4HmOsNiS:  N,  8.70.    Found:  8.70. 

4-Aniino-5-efliozy-phenol.  —  p-Sulfo-phenylazo-tn'-ethoxy-phenol  was 
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reduced  by  hydrogen  stilfide  in  ammoniacal  scdution  as  in  previous  experi- 
ments. The  yield  of  aminophenol  was  about  40%  of  the  dye  used.  A 
portion  was  rapidly  recrystaUized  from  water  containing  hydrogen  sulfide 
to  suppress  the  oxidation  which  otherwise  occurred,  forming  gray,  glis- 
tening, microscopic  leaflets  which  melt  at  152-4 ^^  with  preliminary  soften- 
ing and  blackening.  The  compound  dissolves  readily  in  alcohol,  less 
easily  in  cold  acetone,  readily  on  boiling,  and  is  sparingly  soluble  in  hot 
chloroform.  It  dissolves  in  boiling  toluene  with  the  exception  of  a  few 
dark  flocks,  but  on  attempting  to  purify  a  portion  of  the  substance  by 
this  method  it  darkened  rapidly  owing  to  (»ddation.  An  aqueous  suspen- 
sion gives  a  piuple  color  with  ferric  chloride,  deepening  to  an  intense 
violet,  while  a  solution  of  the  compound  in  dil.  alkali  rapidly  turns  dark 
ptu^le  and  gives  a  dark  purple  precipitate. 

Subs.,  0.1530:  (Kjddahl),  lo.o  cc.  o.i  N  HCl. 
Calc.  for  CiHuO^:  N,  9.15.    Found:  9.16. 

4-Acetamino-s-ethoxy-phenoL — Twenty  g.  of  4'amino-5-ethoxy-phenol 
were  dissolved  in  240  cc.  of  50%  acetic  add,  treated  with  bone  black,  and 
the  filtrate  shaken  with  15 . 2  cc.  of  acetic  anhydride.  After  several  hours 
in  the  cold  the  acetaminophenol  was  filtered  off  and  washed  with  water. 
The  yidd  was  20.6  g.,  an  additional  2. i  g.  being  obtained  on  concentra- 
tion of  the  mother  Uquors.  A  portion  was  reaystallized  first  from  60% 
alcohol,  then  from  50%  acetic  add,  separating  on  seeding  as  pointed 
prisms  of  Various  shapes  which  mdt  slowly  at  1 72 . 5-4 . 5  ^  with  preliminary 
softening,  the  mdting  point  being  unchanged  by  a  subsequent  recrystalliza- 
tion.  The  substance  is  fairly  readily  soluble  in  cold  alcohol,  acetone,  or 
ethyl  acetate,  and  is  very  difficultly  soluble  in  cold  water,  although  quite 
soluble  on  boiling. 

Subs.,  0.1839:  (Kjeldahl),  9.3  cc.  o.i  N  HCL 

Calc.  for  CioHiiCW:  N,  7.19.    Pound:  709. 

4  -  Chloroacetyl  -  amino  -  s  -  ethoxy-phenol. — 4-Amino-5-ethoxy-phenol 
was  chloroacetylated  exactly  as  in  the  case  of  the  4,6-isomer  (p.  1460).  Re- 
aystallized first  from  50%  alcohol  containing  a  few  drops  of  acetic  add, 
using  bone  black,  the  substance  separates  as  gray,  fdted  needles,  while 
after  a  subsequent  recrystallization  from  toluene  it  forms  nacreous,  feathery 
aggregates  of  gray  plates  which  mdt  slowly  at  158.5-61°.  It  dissolves 
readily  in  alcohol  or  acetone,  less  easily  in  chloroform,  and  is  rather  diffi- 
cultly soluble  in  boiling  water  and  practically  insoluble  in  the  cold.  An 
alcoholic  solution  gives  an  olive  color  with  ferric  chloride. 

Subs.,  0.1523:  (Kjeldahl),  9.45  cc.  0.714  N^  HCl. 
Calc.  for  CioHuOjNCl:  N,  6.11.     Pound:  6.20. 

24-Dimethoxy-aniline,  2,4-(CHsO)sC6H|NHs. — ^This  substance  was  pre- 
^  Bqual  to  Vi4  normal. 
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pared  by  methylating  4-acetamiiio5-methoxy-phenol  with  aqueous  alkali 
and  dimethyl  sulfate  and  hydrolyzing  the  resulting  2,4-diniethoxy-acet- 
anilide  by  boiling  for  ^/t  hour  with  i  :  i  hydrochloric  add,  just  as  was  done 
in  the  preparaticm  of  4-amino-veratrole  from  4-acetamino-guaiacol.  The 
solution  was  made  strongly  alkaline  and  the  base  extracted  with  ether. 
After  dr)ring,  this  was  concentrated  to  small  bulk,  the  residue  crystallizing 
in  a  freezing  mixture.  The  product  was  melted,  taken  up  in  several 
voltunes  of  ligroin,  and  the  solution  chilled  and  seeded.  The  base  separa- 
ted as  nacreous,  pinkish  platelets  which  melted  at  32.5-3.5®  (coiy.), 
the  melting  point  being  tmchanged  by  subsequent  recrystallization  from 
a  mixture  of  benzene  and  ligroin  with  the  aid  of  a  freezing  mixture.  Ac- 
cording to  Bechhold,*  who  prepared  the  base  by  reduction  of  phenyl-azo- 
resordnol  dimethyl  ether,  it  melts  at  39-40**.  An  aqueous  solution  gives 
a  deep  purple  color  with  ferric  chloride,  while  an  alcoholic  solution  gives 
a  green  color,  gradually  changing  to  violet-brown. 

Subs.,  0.1226:  (Kjddahl),  7.9  cc.  o.i  N  HCl. 

Calc.  for  CiHuOiN:  N,  9-15.    Found:  9.03. 

The  hydrochloride  of  this  substance  was  also  prepared  by  Kauffmann 
and  Kugel*  by  reduction  of  the  nitro  compound  with  tin  and  hydrochloric 
add. 

2,4-Dimeflioxy-chloroacetanilide. — ^This  compound  was  prepared  from 
the  base  as  in  previous  examples  and  recrystallized  from  50%  alcohol,  the 
yidd  being  almost  quantitative.  It  forms  ddicate  needles  which  mdt 
at  89.5-90*  (corr.)  with  slight  preliminary  softening.  It  dissolves  readily 
in  the  usual  organic  solvents  in  the  cold,  with  the  exception  of  ligroin,  in 
which,  however,  it  is  appredably  soluble  in  the  cold  and  readily  on  heat- 
ing. It  is  almost  insoluble  in  cold  water  but  dissolves  fairly  readily  on 
boiling. 

Subs.,  0.1310:  (Kjeldahl),  5.7  cc.  o.i  N  HQ. 
Calc.  for  CioHttOiNCl:  N,  6.1 1.    Found:  6.09. 

2-Methoxy-4-ethoxy-acetamlide»  2,4-CH,0(CiH60)C«H8NHCOCH,.— 
4-Acetamino-5-methoxy-phenol  was  ethylated  by  means  of  diethyl  sulfate 
and  aqueous  potassium  hydroxide  in  warm  solution  as  described  in  previous 
examples.  RecrystalUzed  first  with  the  aid  of  bone  black  from  25%  alco- 
hol containing  a  few  drops  of  acetic  add,  then  by  dissolving  in  hot  ben- 
zene and  treating  the  solution  with  an  equal  voltune  of  ligroin,  the  sub- 
stance forms  pale  pink,  glistening  platdets  which  mdt  slowly  and  con- 
stantly at  1 1 7. 5-8.5*'  with  slight  preliminary  softening.  It  dissolves 
readily  in  the  cold  in  alcohol,  acetone  or  chloroform,  less  easily  in  ether  or 
benzene,  and  difficultly  in  Ugroin  or  water.  It  is  quite  soluble  in  boiling 
water  and  dissolves  in  cone,  sulfuric  add  with  a  faint  pink  color. 

1  Loc.  cU, 

«  Ber.,  44i  2387  (19"). 
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Subs.,  0.1536:  (Kjeldahl),  10.25  cc  0.0714  N  HCl. 
Calc.  for  CiiHwOjN:  N,  6.70.    Found:  6.67. 

2-Mefliozy-4-ethozy-aiiili]ie. — ^The  acetamino  compound  was  hydro- 
lyzed  by  boiling  for  V«  hour  with  i  :  i  hydrochloric  add  and  the  base 
isolated  by  shaking  out  the  alkaline  solution  with  ether  and  fractionating 
the  residue  in  vacuo.  The  yield  was  good.  The  amine  forms  a  very 
viscous,  practically  colorless  oil,  which  boils  at  151. 5-2.5**  under  a  pressure 
of  12  mm.  and  solidifies  on  chilling  and  rubbing.  A  portion  was  dissolved 
in  a  little  benzene,  diluted  with  ligroin,  chilled,  and  let  stand  in  the  ice- 
box after  seeding,  separating  as  faintly  pinkish  rhombs  which  melt  at 
27.5-8.5**  (corr.).  It  dissolves  readily  in  the  usual  organic  solvents,  less 
easily  in  ligroin.  It  is  quite  soluble  in  water,  the  aqueous  solution  giving 
a  violet-purple  color  with  ferric  chloride,  finally  depositing  purple,  micro- 
scopic needles.  The  base  dissolves  in  dil.  hydrodiloric  add,  separating 
from  a  suffidently  concentrated  solution  on  rubbing  as  needles  and  short 
prisms.  It  is  readily  diazotized,  coupling  with  R-salt  to  give  a  deep, 
purple-red  color. 

Subs.,  0.1860:  (Kjeldahl),  15.35  cc  0.0714  N  HCl. 
Calc.  for^CiHuOiN:  N,  8.39.    Found:  8.25. 

2-Methozy-4-ethozy-chloroacetanilide. — This  compound  was  pre- 
pared as  in  previous  eicamples.  Recrystallized  twice  from  a  small  volume 
of  85%  alcohol,  then  from  ligroin,  it  forms  flat,  narrow,  striated  plates 
which  soften  slightly  at  97*  and  mdt  slowly  at  97.5-8.0**.  It  is  very 
easily  soluble  at  room  temperature  in  acetone,  chloroform,  benzene,  or 
toluene,  less  readily  in  alcohol,  and  is  almost  insoluble  in  cold  water,  more 
easily  on  boiling. 

Subs.,  0.1615:  (Kjeldahl),  9.15  cc.  0.0714  N  HCl. 
Calc.  for  C11H14O1NCI:  N,  575.     Found:  5.66. 

4-Methozy-6  -  ethozy  -  acetaniUde,   4,6-CH80(CsH|0)C«HsNHCOCHi. 
— 4-Acetamino-5-ethoxy-phenol  (p.  1468)  was  methylated  in  the  usual  way 
with  dimethyl  sulfate  and  aqueous  potassium  hydroxide.    When  recrys- 
tallized first  from  25%  alcohol  containing  a  few  drops  of  acetic  add,  with 
the  aid  of  bone  black,  then  from  ligroin,  the  substance  separates  as  faintly 
pink,  silky  needles  which  mdt  at  100.5-1.0°  with  slight  preliminary 
softening.     It  dissolves  readily  in  alcohol,  benzene,  or  acetone,  less  easily 
and  is  very  difficultly  soluble  in  cold  ligroin,  more  easily  on 
[t  dissolves  sparingly  in  cold  water,  quite  readily  on  boiling, 
ance  gives  a  faint  yellow  color  with  cone,  sulfuric  add. 
Subs.,  0.2209:  (Kjeldahl),  14.9  cc.  0.0714  N  HCl. 
Calc.  for  CuHuOjN:  N,  6.70.    Found:  6.75. 

ozy-6-ethozy-aniline. — 11.3  g.  of  the  acetamino  compound  were 
i  with  I  :  I  hydrochloric  add.  The  diilled  solution  was  de- 
>m  the  crystals  of  the  amine  hydrochloride,  which  were  taken 
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Up  in  hot  water  and  the  solution  cooled,  made  strongly  alkaline*  and  shaken 
out  with  ether.  After  drying  over  potassium  hydroxide  and  concentra- 
ting, the  residue  was  fractionated  in  vacuo.  7.5  g.  were  obtained  as  a 
pale  straw-colored,  viscous  liquid  which  boils  at  144-4  •  5  ^  under  a  pressure 
of  9  mm.  and  solidifies  when  chilled  to  a  mass  of  thin  platelets  which  melt 
at  22 . 5  ^.  It  is  readily  soluble  in  the  usual  organic  solvents  and  dissolves 
appreciably  in  water  at  room  temperature,  readily  on  heating.  An  aqueous 
solution  gives  a  brownish  color  with  ferric  chloride,  changing  to  dark 
purple  and  giving  a  precipitate  of  the  same  color.  In  dil.  hydrochloric 
add  it  gives  a  bluish  solution  with  soditun  nitrite,  but  the  solution  ccm- 
tains  the  diazo  salt,  as  it  couples  with  R-salt  to  give  a  red  color. 

Subs.,  0.1455:  (Kjeldahl),  11.75  cc.  0.0714  N  HO. 

Calc.  for  CfHitOtN:  N,  8.39-    Found:  8.08. 

4-Methozy-6-ethozy-cliloroacetanilide. — ^The  base  was  chloroacetyl- 
ated  in  the  usual  way.  Reoystallized  from  50%  alcohol,  then  from  toluene, 
it  forms  thick,  almost  colorless,  glistening  platelets  which  melt  at  126-7^ 
with  slight  preliminary  softening.  It  is  very  easily  soluble  in  chloroform, 
quite  soluble  in  acetone,  and  rather  sparingly  in  cold  alcohol,  but  readily 
on  boiling. 

Subs.,  0.15 17:  (Kjeldahl),  8.45  cc  0.0714  JVHCl. 

Calc.  for  CuHmOiNCI:  N,  5.75-    Found:  5.57. 

2^-Dieflioiy-acetanmde,  2,4-(CsH60)sC6HsNHCOCH|.  —  6.8  g.  of 
4-acetamino-5-ethoxy-phenol  were  ethylated  as  in  previous  experiments. 
The  jrield  was  4.6  g.,  melting  at  11 7-8*'.  Recrystallized  from  50%  alco- 
hol, the  diethyl  ether  forms  silky  needles  of  the  same  melting  point.  Will 
and  Pukall,*  who  prepared  the  substance  by  reduction  of  phenyl-azo- 
resorcinol  diethyl  ether  and  acetylation  of  the  amine  hydrochloride,  give 
120.5**  as  the  melting  point.  The  compotmd  is  very  diflScultly  soluble 
in  cold  water  but  dissolves  quite  freely  on  boiling,  the  undissolved  portion 
melting  to  an  oil. 

2|4-Diethozy-aniline. — ^The  crude  acetamino  compotmd  was  hydroly^ed 
and  the  free  base  isolated  as  in  previous  examples.  The  residue  from 
the  ether  extraction  soUdified  on  letting  stand  in  a  freezing  mixture  with 
occasional  rubbing.  It  was  again  melted,  taken  up  in  a  very  Uttle  ben- 
zene, and  diluted  with  several  voliunes  of  ligroin,  chilled  in  a  freezing 
mixture,  and  seeded.  The  base  separated  as  pale  brownish  pink,  flat 
needles  and  narrow  platelets  which  melt  at  33.5-4.0®  (corr.)  with  pre- 
liminary softening.  Will  and  Pukall  give  32*^  as  the  melting  point. 
The  base  seems  quite  stable  in  the  air,  and  is  smoothly  diazotizable,  coupling 
with  R-salt  to  give  a  ptupUsh  red  color.  An  aqueous  solution  gives  a 
slowly  developing,  deep  violet  color  with  ferric  chloride,  followed  by  a 
precipitate  of  dark  violet  microscopic  needles. 
*  Ber.9  ao,  1127  (1887). 
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Subs.,  0.1330:  (Kjeldahl),  7.3  cc.  o.i  N  HCl. 
Calc.  for  CioHuOiN:  N,  7.74.    Found:  7.69. 

24-Diethozy-cliloroacetanilide. — One  g.  of  the  base  was  dissolved  in  a 
mixture  of  5  cc.  of  acetic  add  and  5  cc.  of  saturated  sodium  acetate  solu- 
tion, diluted  with  30  cc.  of  50%  acetic  add,  and  chloroacetylated  in  the 
usual  way.  After  dilution  the  product  was  filtered  ofif  and  recrystallized 
from  85%  alcohol,  separating  as  ddicate,  woolly  needles,  which  mdt  at 
102-3*'  with  sUght  preliminary  softening.  The  substance  is  quite  soluble 
in  alcohol  at  room  temperature,  very  readily  in  acetone,  chloroform,  or 
benzene.  It  is  difficultly  soluble  in  cold  ligroin,  readily  on  heating,  and 
also  dissolves  sparingly  in  boiling  water. 

Subs.,  0.1541:  (Kjeldahl),  5.85  cc.  o.i  N  HCL 
Calc.  for  CuHmOsNCI:  N,  544.    Pound:  5.32. 
N«w  York  Cxty. 


NOTE. 
Correction. — In  the  paper  on  the  "Constitution  of  Capsaicin,''  appearing 
in  the  July  number,*  vanillyl  amine  is  by  error  described  as  3-hydroxy-4- 
methoxy-benzylamine  on  pp.  11 18,  11 19,  1121,  instead  of  4-hydroxy-3- 
methoxy-benzylamine.  E.  K.  Nei^son. 


NEW  BOOKS. 
An  Advanced  Course  in  Quantitative  Analysis.    By  Hunry  Pat,  Ph.D.,  D.Sc.    John 
Wiley  &  Sons,  Inc.,  New  York,  1917.     Pp.  vi  +  iii. 

Text  books  on  quantitative  analysis  may  usually  be  placed  in  one  of 
two  groups;  dther  the  author  has  sdected  methods  with  reference  pri- 
marily to  the  training  of  the  student  in  the  prindples  of  quantitative 
analysis  and  in  stoichiometry  and  has  ignored  the  practicability  of  the 
methods  described  or  else  he  has  based  his  text  book  upon  current  and  so- 
called  ''standard  methods."  In  the  latter  case,  too  often,  simplified  man- 
ipulation, rapidity  and  occasionally  great  accuracy  are  the  reasons  for  the 
sdection  of  the  material  and  the  question  of  the  effect  upon  the  student 
of  such  a  course  is  apt  to  be  overlooked;  the  main  idea  bdng  to  have  the 
student  become  profident  in  the  methods  of  analy^  used  in  the  indus- 
tries. 

Professor  Fay  has  tried  to  produce  a  text  which  falls  in  ndther  extreme 
group.  The  material  he  has  sdected  has  been  "chosen  to  illustrate  prin- 
dples and  to  train  the  student  in  manipulation."  Since  the  author's 
work  and  interests  lie  mainly  in  iron,  sted  and  commerical  alloys,  in  which 
fidd  he  is  a  recognized  authority,  it  is  not  siuprising  to  find  the  bulk  of  the 
book  devoted  to  the  analysis  of  sted  and  dosdy  assodated  raw  and 
finished  materials.  Although  the  methods  given  have  been  sdected 
*  Tras  JouRNAi^,  41,  1 1 15  (1919). 
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with  discritninating  skill  and  are  ably,  accurately  and  minutely  described, 
probably  not  a  few  teachers  will  question  the  soundness  of  a  course  in 
advanced  quantitative  analysis  based  entirely  upon  products  of  a  similar 
nature  (e.  g.,  ores  and  alloys).  Even  though  the  methods  include  varied 
manipulation  there  must  perforce  be  a  certain-sameness  of  viewpoint  and 
the  student  is  not  apt  to  acquire  so  satisfactory  a  foundation  as  if  he  were 
required  to  anal3rse  materials  of  very  different  nature;  for  after  all  a 
course  in  advance  quantitative  analysis  should  give  the  student  some- 
thing more  than  increased  manipulative  skill  and  stoichiometric  ability. 

It  is,  however,  gratifying  to  find  a  text  book  in  which  the  author  has  re- 
frained from  introducing  all  the  numerical  data  and  all  the  factors  necessary 
for  the  calculation  of  results,  leaving  little  for  the  student  to  do  but  go 
through  the  procedure  like  a  machine.  It  is  no  wonder  that  the  complaint 
is  made  that  our  young  chemists  do  not  know  how  to  calculate  the  results 
of  an  analysis  unless  a  text  book  is  at  hand.  Professor  Fay  is  to  be  con- 
gratulated upon  his  foresight  in  giving  the  student  merely  the  necessary 
formulas  and  a  few  reactions  and  requiring  him  to  compute  his  factors  and 
calculate  in  full  all  his  results. 

The  description  of  methods  and  details  as  to  manipulation  are  dear  and 
concise  and  are  more  comprehensive  than  are  generally  to  be  fotmd  in 
text  books  of  this  small  size.  The  plan  followed  has  been  to  give  first  in 
detail  the  method  of  procedure  but  with  no  reasons  therefore  or  cautions 
as  to  difficulties  to  be  encountered  or  possible  sources  of  error.  This 
concise  description  is  in  every  instance  followed  by  a  series  of  excellent 
•*Notes" — ^wherein  the  chemistry  involved  is  discussed  at  length  and  full 
reference  to  the  literature  given.  The  bibliographic  references  are  in 
fact  a  very  valuable  feature  and  raise  the  book  to  a  plane  somewhat  above 
that  of  an  ordinary  text  book. 

The  author  has  divided  the  subject  matter  into  two  parts.  Part  I — 
Mineral  Analysis  in  which  the  following  analyses  are  described  and  dis- 
cussed: Determination  of  silica  in  a  decomposable  silicate,  in  a  refractory 
silicate;  determination  of  potassium  and  sodium  in  silicates  (J.  Lawrence 
Smith  and  perchloric  add  methods) ;  analysis  of  spathic  iron  ore;  determi- 
nation of  sulfur  in  p3aite  (4  methods) ;  determination  of  titanitun  in  titanif- 
erous  iron  ore;  Low's  iodimetric  determination  of  copper  in  copper  ores; 
anat3rsis  of  coal.  Part  II — devoted  to  the  analysis  of  commerdal  alloys, 
indudes  phosphor-bronze;  determination  of  carbon,  manganese,  phos- 
phorus, sulfur,  copper,  nidcd,  chromium,  tungsten,  and  vanadium  in 
sted;  determination  of  sulfur  and  of  silicon  in  cast  iron. 

A  table  of  atomic  wdghts  and  a  table  of  4  place  logarithms  completes 
the  book. 

The  pages  are  attractive  with  clear,  black,  legible  t3qpe  and  are  free  from 
fine  type  and  spedally  arranged  paragraphs.  B-  M.  Chamot. 
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A  System  of  Physical  Chemistry.  2iid  Editton,  in  3  volumes.  *o .  Ill,  Quantum 
Theory.  (Text-books  of  Phjrsica]  Chemistry,  edited  by  Snt  Wic.  Ramsat.) 
By  Wm.  C.  McC.  Lbwis,  M.A.  (R.  U.  I.),  D.Sc  (Liv.),  Brunner  Prof,  of  Fhys. 
Chemistry  in  the  Univ.  of  Liverpool.  Longmans,  Green  and  Co.,  New  York, 
1919.    viii  +  209  pp.,  14  figures.     14.5  X  22.5  cm.    $2.50  net. 

This  is  the  third  volume  of  Professor  Lewis'  "system"  of  physical 
chemistry.  It  presents  a  very  complete  survey  of  the  numerous  fields  in 
which  quantum  theory  has  been  applied. 

The  quantum  theory  itself  is  in  a  very  shadowy  stage  of  development, 
and  Professor  Lewis  has  attempted  merely  to  bring  together  a  complete 
account  of  existent  work,  rather  than  to  clarify  and  sharpen  the  outlines 
of  the  theory  itself.  Perhaps  this  is  all  that  can  be  done  with  profit  at 
the  present  time,  although  I  miss  in  this  book  such  attempts  at  a  logical 
devdopment  as  were  made  by  Planck  in  his  original  book,  as  have  been 
made  by  Jeans  (see  for  example  the  last  edition  of  his  ''Dynamical  Theory 
of  Gases'*)  or,  at  the  risk  of  impertinence,  as  I  have  myself  essayed  ("A 
General  Theory  of  Energy  Partition  with  Applications  to  Quantum 
Theory")'^  The  book  does  not  even  contain  a  complete  mathematical 
development  of  the  classical  equipartition  theory,  from  which  quantum 
theory  is  a  variant. 

The  enormous  range  of  application  of  the  quantum  idea  is  well  shown 
by  Professor  Lewis'  collection  of  material.  Thus  we  find  the  fundamental 
quantity  *'h"  which  first  occurred  in  Planck's  radiation  formula,  now 
occurring  in  all  the  various  proposed  formulas  of  Einstein,  Nemst-Linde- 
mann  and  Debye  for  the  specific  heat  of  solids,  in  Bjerrum's,  Krflger's  and 
Euchen's  expressions  for  the  specific  heat  of  gases,  in  Bohr's  treatment  of 
the  spectra  of  the  elements,  in  all  discussions  of  the  photoelectric  effect 
and  the  inverse  photoelectric  effect,  in  expressions  for  minimum  ioniza- 
tion potential  for  gases,  in  calculations  of  the  amotmt  of  radiant  energy 
necessary  to  produce  photochemical  reactions,  in  expressions  for  the  tem- 
perature coeflSdent  of  the  rates  of  ordinary  chemical  reactions  and  in 
expressions  for  the  mass  action  constant  of  ordinary  chemical  equilibria, 
etc. 

The  dearest  cut  example  of  the  importance  of  "&"  is  of  course  the 
photodectric  effect,  but  it  seems  certain  that  whatever  our  final  quanttun 
theory  becomes,  the  quantity  **/t"  has  permanently  entered  physical 
sdence  and  will  be  used  in  the  treatment  of  many,  if  not  all,  of  the  phe- 
nomena listed  above. 

Professor  Lewis'  adequate  collection  of  material  from  many  sources 
makes  the  book  an  indispensable  one  for  sdentists  who  wish  to  assist  in 
the  clarification  of  the  quantum  theory. 

It  is  interesting  to  note  that  the  major  part  of  the  original  work  in  this 
^Phys.  Re9.,  zz,  26Z  (1918). 


Digitized  by 


GooQle 


NBW  BOOKS.  1475 

highly  theoretical  field  has  been  done  by  Germans,  much  of  it  appear- 
ing during  the  war,  and  that  the  most  important  contributions  to  quantum 
theory  from  other  sources  comes  from  a  group  of  brilliant  Englishmen. 
Let  us  hope  that  this  will  argue  for  a  future  codperative  spirit  in  the  affairs 
of  science  and  the  world.  Richard  C.  Tolman. 

A  Textbook  of  Phx^cal  Chemistry.    By  Azariah  T.  Lincoln.    D.  C.  Heath  and  Co. 
1918.    vi  +  547  pp.     14  X  20  cm.    $3-50. 

This  book  is  intended  primarily  for  beginners  in  the  subject  of  Physical 
Chemistry  and  follows  in  general  the  usual  lines  for  such  texts.  The 
author  has  found  from  his  experience  that  it  is  necessary  to  review  the 
fundamental  concepts  which  have  been  given  to  the  students  in  their 
elementary  work.  The  first  7  chapters  are  mainly  devoted  to  this  pur- 
pose as  well  as  parts  of  many  other  chapters.  The  author  also  recognizes 
that  it  has  been  necessary  to  exclude  subject  matter  which  he  would 
S^adly  have  presented,  and  presumably  would  have  treated  more  ex- 
haustively some  subjects  introduced  had  space  permitted. 

These  difficulties  seem  to  be  generally  experienced  by  teachers  and 
text-book  writers  on  Physical  Chemistry.  There  is  a  tendency  to  go  f luther 
back  "to  get  a  start/'  a  situation  which  has  resulted  not  from  choice  but 
from  the  necessity  of  getting  results.  Physical  Chemistry  deals  with 
the  theoretical  and  fundamental  side  of  the  science  and  should  be  intro- 
duced as  early  and  as  completely  as  possible  in  the  elementary  teaching 
and  in  all  courses  in  chemistry.  Due  to  the  popularity  of  the  subject, 
this  has  been  done  to  an  extent  that  is  most  gratifying  to  the  physical 
chemist;  but  in  view  of  experiences  with  third  year  students,  one  wonders 
whether  there  are  not  some  real  difficulties  and  particularly  whether 
ideas  have  not  frequently  been  introduced  before  a  sufficient  backgrotmd 
of  chemistry  had  been  imparted  to  enable  the  student  to  grasp  them. 
Certain  it  is  that  many  of  these  students  acquire  a  very  superficial  con- 
ception of  important  ideas  which  have  been  presented  to  them,  and  what 
is  most  unfortunate  they  often  seem  to  have  been  rendered  immune  from 
gaining  any  real  conception  of  these  ideas.  A  revision  of  courses  in  gen- 
eral chemistry  must  give  most  careful  consideration  to  this  point  and  to 
the  question  of  perspective  so  that  the  student  may  have  some  idea  of  the 
extent  and  importance  of  the  various  branches  of  the  science.  The  stu- 
dents who  elect  the  full  course  in  chemistry  are  presumably  the  best  of 
the  beginners  and  most  interested  in  the  subject,  so  that  for  them  little 
overlapping  or  repetition  should  be  necessary. 

The  difficulties  have  been  met  by  the  author  quite  as  well  as  in  several 
of  our  recent  text  books;  the  derivation  of  the  gas  equation  by  a  direct 
application  of  a  theorem  in  variables  is  perhaps  to  be  preferred  to  either 
of  the  two  methods  given  and  the  experimental  data  and  methods  of  ar- 
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riving  at  the  value  of  the  unit  volume  of  an  ideal  gas  would  be  to  the  pcnnt 
as  considerable  and  proper  attention  has  been  given  to  gas  laws,  kinetic 
theory  and  gas  reactions.  The  various  theories  of  solutions  are  presented 
with  a  chapter  on  concentrated  solutions,  one  on  hydration,  and  one  oft 
hydrolysis.  There  are  chapters  on  thermochemistry,  colloids,  and  rate 
of  chemical  reactions.  The  appendix  contains  an  interesting  collection 
of  problems,  many  taken  from  the  industrial  world  and  arranged  par- 
ticularly for  the  convenience  of  the  instructor.  The  author  seems  to 
have  presented  a  very  workable  text-book.  G.  A.  HuuaTT. 
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DOUBtE  SALTS  OF  LEAD  TETRAFLUORIDE 

AS  SOURCES  OF  FLUORINE.^ 

By  George  L.  Ci^ark. 

Received  April  9,  1919. 

The  only  strictly  chemical  method  for  the  preparation  of  free  fluorine 
which  has  shown  satisfactory  possibilities  up  to  the  present  time  is  the 
decomposition  of  the  double  salt  tripotassium  lead  hydrogen  octafluoride 
3KF.HF.PbF4,  by  heat.  This  compound  was  prepared  in  pure  con- 
dition and  studied  for  the  first  time  by  Brauner,*  who  showed  that  the 
molecule  of  hydrogen  fluoride  could  be  completely  removed  at  tem- 
peratures below  250**,  and  that  fluorine  is  evolved  above  250''.  In 
recent  years  doubts  have  been  expressed  by  some  chemists  that  such  a 
discovery  was  really  in  accordance  with  the  facts.  By  using  this  method, 
however,  it  has  been  found  possible  in  the  researches  to  be  described 

'  Published  by  permission  of  the  Director  of  the  Chemical  Warfare  Service. 

The  general  problem  of  the  preparation  and  use  of  tripotassium  hydrogen  lead 
octafluoride  was  suggested  by  Captain  A.  B.  Ray,  and  the  investigations  begun  under 
his  supervision  and  with  the  assistance  of  Messrs.  I.  M.  Colbeth  and  J.  H.  Card,  at  the 
American  University  Experiment  Station,  Washington,  D.  C. 

The  intensive  solubility  measiurements,  and  all  of  the  work  on  disodium  lead 
hexafluoride  were  subsequently  carried  on  by  the  author  independently. 

*  /.  Ch^m.  Soc.f  65,  393  (1894). 
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in  this  paper  to  prepare  qtiite  successfully  bromine  trifluoride  and  iodine 
pentafluoride  by  permitting  the  fluorine  evolved  in  the  heating  simply 
to  pass  over  bromine  and  iodine,  respectively. 

The  double  salt  3ElF.HF.PbF4  was  prepared,  following  the  directions 
of  Bratmer  by  dissolving  potassium  plumbate  (made  by  fusing  potassium 
hydroxide  with  lead  dioxide)  in  fairly  concentrated  hydrofluoric  add  and 
evaporating  off  the  excess  aqueous  add.  The  double  salt  oystallizes 
from  the  concentrates  in  well-formed  monodinic  needles.  In  the 
present  work,  however,  it  has  been  found  that  there  are  several 
factors  influencing  3ridd  and  purity  of  the  salt  which  make  the 
apparently  simple  process  one  of  rdative  complexity.  Several  samples 
prepared  under  slightly  differing  conditions  were  found  to  give 
different  analyses.  In  some  cases  when  the  salt  was  being  used  for 
the  purpose  of  generating  fluorine,  all  of  the  hydrogen  fluoride  could 
not  be  driven  off  bdow  250°,  indicating  contamination  with  potassium 
hydrogen  fluoride  which  does  not  readily  evolve  hydrogen  fluoride  bdow 
500**.  This  study  was  undertaken,  therefore,  to  discover  if  possible, 
the  exact  conditions  necessary  for  the  preparation  of  ptu'e  tripotassium 
lead  hydrogen  octafluoride  and  what  yidds  might  be  expected.  It  has 
involved  the  preparation  and  properties  of  potassium  plumbate,  and 
the  determination  of  various  solubility  and  hydrol3rtic  effects.  In 
addition  to  this,  inasmuch  as  the  scardty  of  potassium  hydroxide  at 
once  makes  commerdal  applications  of  the  process  doubtful,  the  prob- 
lem of  substituting  sodium  hydroxide  was  undertaken.  This  has  resulted 
in  the  isolation  and  study  for  the  first  time  of  the  sodium  double  salt  of 
lead  tetrafluoride,  as  a  source  of  fluorine.  The  steps  in  the  preparation 
of  both  potassitun  and  sodium  salts  will  be  considered  in  order  and  com- 
parisons made. 

The  Preparation  and  Properties  of  Potassium  and  Sodium  Plumbates. 
In  the  preparation  of  tripotassium  hydrogen  lead  octafluoride  Brauner^ 
directs  that  potassium  hydroxide  and  lead  dioxide  be  fused  directly 
together  in  a  silver  dish  in  the  proportion  of  3  molecular  wdghts  of 
potassium  hydroxide  to  one  of  lead  dioxide.  Experiments  of  the  author 
show  that  when  the  hydroxide  is  brought  to  a  dear  mdt  at  360**  and 
the  lead  dioxide  then  added  in  small  quantities,  reaction  takes  place 
and  the  final  product  is  in  the  form  of  a  stiff  paste  almost  the  color  of 
lead  dioxide,  having  the  approximate  composition  of  3KOH.PbOx,  or 
more  nearly  KaPbOt.KOH  since  water  formed  according  to  the  reaction 

3KOH  +  PbOa  =  KjPbOj.KOH  +  H,0 
is  driven  off  at  the  high  temperatiu"e  of  the  mdt.    At  this  temperatiu-e 
also  there  is  apparently  some  decomposition  as  shown  by  3  facts:  (i) 
» Loc,  cU. 
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a  yellowish  color  due  to  the  presence  of  lead  oxide;  (2)  the  fonnation  of 
some  potassium  tetraoxide  either  alone  or  loosely  combined  which  results 
in  the  evolution  of  oxygen  when  the  plumbate  paste  is  added  to  water 
or  aqueous  hydrofluoric  add;  and,  (3)  the  precipitation  of  an  insoluble 
crystalline  complex  fluoroxjrperplumbate  from  the  solution  in  hydro- 
fluoric add. 

This  decomposition  is  due  in  part  to  the  action  of  heat  upon  lead 
dioxide  in  its  loose  combination  in  this  salt,  causing  a  complete  breaking 
of  the  molecule  into  its  constituents  and  the  reduction  of  PbOs  to  Pb804 
and  then  to  PbO  by  oxidation  of  K2O  to  K2O4,  and  in  part  to  hydrolysis 
at  this  high  temperattu'e  of  the  potassium  plumbate  to  potassium  hy- 
droxide and  colloidal  plxunbic  add  by  the  water  formed  in  the  reaction. 

The  addition  of  a  third  molecule  of  potassium  hydroxide,  besides 
making  available  the  requisite  proportions  for  the  preparation  of  the 
potassium  double  fluoride,  also,  as  a  mass  action  effect,  stabilizes  the 
fusion.  Suffident  liquid  potassium  hydroxide  is  formed  to  make  it 
possible  for  all  the  lead  dioxide  to  be  stirred  into  a  homogeneous  fused 
paste  without  necessitating  devation  of  the  temperature  as  high  as 
350**.  It  was  deemed  advisable  to  try  the  effect  of  adding  water  in  small 
quantities  to  the  hydroxide,  resulting  in  a  solution  more  properly  speaking 
of  water  in  molten  potassium  hydroxide  which  can  remain  liquid  at  100^. 
With  this  solution  lead  dioxide  reacts  easily  to  form  a  homogeneous  paste 
from  which  excess  water  may  be  driven  at  100°  without  decomposition. 

In  the  presence  of  water  a  somewhat  different  condition  is  found  than 
in  fusion  of  dry  potassitun  hydroxide  and  dry  lead  dioxide.  True  potas- 
sium pltunbate  is  really  a  salt  of  hexoxyplumbic  add,  H»Pb(OH)e 
or  PbOi.4HxO,  and  has  been  obtained  as  ]^Pb08.3H20  in  the  form  of 
pure  oystals  from  strongly  concentrated  solutions  evaporated  in  a 
vacuum.  This  verifies  the  work  of  Fremy,^  Sddel,*  and  Bellucd  and 
Barravano.'  It  is  found,  however,  that  this  salt  is  not  a  true  hydrate, 
inasmuch  as  the  3  molecules  of  water  cannot  be  driven  off  without  com- 
pletely decomposing  the  salt.  This  leads  to  the  belief,  that  the  water 
is  a  necessary  integral  part  of  the  molecule  and  that  the  formula  is  more 
properly  KiPb(OH)6.  At  temperatures  bdow  100^  the  salt  is  entkdy 
stable  even  in  the  presence  of  the  excess  potassitun  hydroxide.  At  150*^ 
decomposition  is  apparent  only  by  a  lighter  color  of  the  surface  exposed 
to  air.  Decomposition  seems  to  take  place  according  to  the  equation 
K2Pb(0H)«  «  2KOH  +  PbO  +  O  +  2H2O. 

It  is  at  once  dear,  therefore,  inasmuch  as  the  molecular  identity  of 
KiPbOf.3HxO  is  fairly  certain  while  the  existence  of  K2PbOt  is  very 

»  Ann.  Mm,  phys.,  [3I  la,  488  (1844). 

>  J.  prakl,  Chem.,  ao,  200. 

*  Z.  anorg,  Chem.,  50,  loi  and  107  (1906). 
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doubtful,  that  by  using  water  in  making  the  fusion  of  potassium  hy- 
droxide and  lead  dioxide  and  thus  avoiding  high  temperatures,  a  phmibate 
of  much  more  definite  composition  is  possible.  While  it  is  true  that 
reduction  of  the  tetravalent  lead  to  lower  oxides  is  brought  about  at 
much  lower  temperatiu-es  if  K2Pb(0H)«  is  present,  than  in  a  fused  mix- 
tiu*e  of  dry  lead  dioxide  and  potassium  hydroxide,  yet  it  is  foimd  to  be 
unnecessary  to  raise  the  temperature  above  150/*.  Another  advantage 
of  adding  water  is  *f oimd  in  the  fact  that  much  of  the  powerful  corrosive 
property  of  an  oxidizing  agent  fused  with  an  alkali  upon  the  containing 
vessel  is  avoided,  since  such  action  is  a  function  of  concentration  and 
temperature.  Porcelain  dishes  are  most  suitable  for  this  purpose,  since 
the  glazing  is  only  slightly  attacked,  while  nickel  and  copper  vessels  are 
strongly  corroded. 

Several  experiments  have  been  tried  varying  the  amounts  of  water 
in  the  fusion.  An  amoimt  not  over  V^  the  weight  of  the  potassium 
hydroxide  gives  best  residts,  while  even  Vio  permits  homogeneous  fusion 
below  200*^. 

Larger  amounts  of  water  exert  a  remarkably  definite  effect  in  hydro- 
lyzing  these  compotmds.  For  example,  the  action  of  water  on  K2Pb(OH)6 
is 

K2Pb(OH)6  +  2HaO  =  2KOH  +  H2Pb(OH)6 

H2Pb(OH)6  =  H4Pb04  +  2H,0 
or 

K2Pb(OH)8  :^  2KOH  +  H4Pb04. 
This  proceeds  from  left  to  right  preponderantly  in  the  presence  of  15 
to  20%  of  water  as  indicated  by  the  immediate  precipitation  of  lead 
dioxide. 

Sodium  hydroxide  acts  quite  differently  from  potassium  hydroxide  in 
its  ability  to  form  plumbates  with  lead  dioxide.  It  has  been  shown 
already  that  by  melting  an  excess  ci  potassium  hydroxide  in  water  and 
adding  kad  dioxide,  K2PbOt.3H20  may  be  obtained  pure  as  oystais 
from  the  solution  evaporated  in  a  vacutun.  There  is  only  one  statement 
to  be  foimd  in  the  literature  that  any  analogous  sodium  salt  can  be  sim- 
ilarly prepared.  Bellucci  and  Barravano^  state  that  with  great  diffi- 
culty a  very  small  quantity  of  powder  was  obtained  which  they  thought 
to  be  the  sodium  salt.  No  analyses  are  given.  Hohnel^  claims  that 
he  obtained  sodium  phunbate  by  fusing  together  lead  oxide  and  sodium 
peroxide,  and  that  it  is  immediately  hydrolyzed  by  water.  It  is  quite 
dear  that  the  sodium  plumbates  are  very  much  less  stable  than  the 
potassium.     In  this  work  it  has  been  fotmd  mechanically  impossible 

» Loc.  cU. 

*  Arch.  Phartn.,  232,  222  (1894). 
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to  fuse  together  dry  sodium  hydroxide  and  lead  dioxide.  Impurities 
such  as  sodium  carbonate  in  the  caustic  raise  its  melting  point  far  above 
318**.  At  such  temperatures  the  lead  dioxide  is  very  rapidly  reduced 
to  plumbophmibic  oxide  and  to  lead  oxide  so  that  the  resultant  mass 
is  simply  a  crumbling  powder  of  a  mixture  of  soditun  hydroxide  and 
lower  oxides  of  lead.  Practically  na  plumbate  is  formed;  as  shown  by 
the  fact  that  the  hydrofluoric  acid  to  which  the  substance  is  added  dis- 
solves selectively  only  the  sodium  hydroxide  together  with  a  small  quan> 
tity  of  both  bivalent  and  tetravalent  lead  oxides.  While  lead  fluoride 
is  soluble  to  the  extent  of  0.6491  g.  per  Uter  of  water ^  no  lead  is  detecta- 
ble by  any  qualitative  test  in  50%  hydrofluoric  add  containing  in  solution 
more  than  loo  g.  sodium  hydrogen  fluoride  per  looo  g.  of  water. 

In  view  of  these  difficulties  all  subsequent  efif<Hrts  to  prepare  plum- 
bates  of  sodium  have  been  made  by  means  of  very  concentrated  solutions 
of  sodium  hydroxide.  Enough  water  is  necessary  in  order  that  all  of 
the  lead  dioxide  may  be  stirred  in  homogeneously.  Reaction  occurs 
vigqtcmly,  forming  first  a  greenish  thin  paste.  As  more  dioxide  is  added  the 
color  more  nearly  approximates  the  dark  brown.  In  any  case  the  caustic 
solution  is  brought  simply  to  boiling  and  the  source  of  heat  then  entirely 
removed  while  the  dioxide  is  being  added.  Sufficient  heat  is  generated 
by  the  reswrtion  to  keep  the  mass  warm.  Temperatures  above  100^ 
cause  rapid  decomposition  by  combined  action  of  the  air  and  hydrolytic 
effect  of  the  water  present.  Even  while  the  reaction  is  carried  on  over 
a  water  bath,  the  sodium  plumbate  once  formed  rapidly  undergoes 
change. 

In  the  belief  that  the  sodium  double  fluoride  of  lead  tetrafluoride 
might  be  entirely  ancdogous  to  the  potassitnn  salt,  3ElF.HF.PbF4,  a 
number  of  fusions  were  imdertaken  using  the  proportion  of  3  molecules 
of  sodium  hydroxide  to  one  of  lead  dioxide.  With  150  g.  of  hydroxide 
and  300  g.  of  dioxide,  it  is  fotmd  necessary  for  best  conditions  to  add  75 
g.  of  water,  which  is  50%  of  the  weight  of  the  caustic  or  14%  the 
weight  (rf  the  total.  Dissolving  the  sodium  hydroxide  in  this  and  bring- 
ing to  boiling,  the  source  of  heat  is  removed  and  the  lead  dioxide  added 
with  stirring.  The  residtant  mass  is  a  homogeneous,  almost  solid  paste. 
When  this  stands  in  air,  or  when  any  attempt  is  made  to  dry  it  in  the 
neighborhood  of  100°,  rapid  decomposition  takes  place.  Using  only  50 
g.  of  water  with  the  same  mixture  as  indicated  above  results  in  the  solidi- 
fication of  the  mixtmre  before  all  the  lead  dioxide  is  added.  The  mass 
is  therefore  heterogeneous  and  considerable  dioxide  lost  when  solution 
in  hydrc^uoric  add  is  made.  More  than  75  g.  of  water  enables  the 
plumbate  to  be  prepared  easily,  but  the  paste  is  thinner,  depending  upon 
the  amount  of  water  used.  The  excess  water  serves  then  simply  to 
*  Kohlrausch,  Z.  phys.  Chun.,  50,  365  (1904)- 


Digitized  by 


GooQle 


14S2  GBORGE  L.   CLARK. 

dilute  the  hydrofluoric  add  when  solution  is  made,  thus  reducing  mate- 
rially the  general  efficiency  of  the  acid  in  dissolving  a  tnayjnium  amount 
of  the  soditun  double  fluoride  without  hydrolysis. 

It  is  quite  apparent  that  sodium  pltunbates  are  much  less  well  defined 
and  much  less  stable  than  the  potassitun  salts.  The  experiments  just 
described  seem  to  indicate  that  in  the  presence  of  water  the  compound 
NasPbOt.6HjO  is  formed  chiefly,  whereas  the  potassium  salt  is  a  tri- 
hydrate.  The  latter  is  quite  stable  at  100*^  while  the  soditun  salt  is  quite 
rapidly  decomposed  at  that  temperattue.  Hydrol3rsis  tak^  place  im- 
mediately when  water  is  added.  Thus  when  making  a  fusion  of  150 
g.  of  sodium  hydroxide,  300  g.  of  lead  dioxide  and  75  g.  of  water,  the 
caustic  is  dissolved  in  50  g.  of  water,  the  dioxide  added  until  the  paste 
is  thick,  and  then  the  other  25  g.  of  water  is  added  with  the  remainder 
of  the  oxide,  a  complete  hydrolysis  of  the  plumbate  already  formed  is 
indicated  by  the  separation  of  lead  dioxide.  But  if  all  the  water  is 
introduced  into  the  solution  of  soditun  hydroxide  b^ore  any  additions 
of  dioxide,  reaction  takes  place  without  difficulty.  This  indicates  that 
the  water  is  therefore  not  water  of  hydration  but  an  integral  part  of  the 
molecule  which  is  tmstable  enough  to  decompose  easily  at  low  temper- 
attues.  The  presence  of  the  excess  molecule  of  sodium  hydroxide,  just 
as  in  the  case  of  the  potassium  salt,  has  a  stabilizing  influence  upon  the 
fusion. 

When  as  a  result  of  careful  analysis  it  was  f oimd  that  the  sodium  double 
fluoride  of  lead  tetrafluoride  contains  only  two  molecules  of  sodium 
fluoride  and  is  not  therefore  the  analog  of  the  compoimd  3KF.HF.PbF4, 
the  preparation  of  sodium  plumbate  was  begim,  using  2  instead  of  3 
molecular  weights  of  sodium  hydroxide  to  one  of  lead  dioxide.  The 
proportions  most  satisfactory  are  sodium  hydroxide  160,  lead  6kmde 
478,  and  water  100.  The  reaction  runs  quite  the  same  as  befcwre,  the 
only  difference  noted  being  a  somewhat  smaller  stability  towards  the 
action  of  heat  and  air.  The  effect  of  the  excess  hydroxide  in  the  first 
futons  upon  the  solubiUty  relationships  and  percentage  yields  of  the 
double  salt  from  hydrofluoric  add  solution  will  be  fully  discussed  in 
another  section  of  this  paper. 

The  outstanding  conclusion  of  this  study  and  comparison  of  the  pltunb- 
ates is  quite  favorable  to  the  use  of  potassium  plumbate  for  preparing 
a  double  salt  from  which  fluorine  may  be  driven  by  heat.  Great  care 
is  necessary  in  order  to  prepare  and  keep  sodium  pltunbate  of  fair  degree 
of  piuity.  In  this  connection  it  may  be  noted  with  interest  that  one 
of  the  methods  of  preparing  lead'dioxide  is  by  the  hydroljrsis  of  sodium 
plumbate,  NatPbOs,  which  is  made  by  fusing  together  lead  oxide,  soditun 
nitrate  and  soditun  hydroxide.  With  proper  precautions,  such  as  the 
proper  amotmt  of  water  and  low  temperattue,  Na8PbO«.6HfO  may  be 
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prepared  and  used  to  advantage  in  forming  the  sodium  double  fluoride 
of  lead  tetrafluoride. 

The  Preparation  and  Properties  of  Tripotassium  Lead  Hydrogen 

Octafluoride. 

In  order  to  prepare  this  salt,  the  pltunbate  made  as  indicated  in  the 
preceding  section  is  added  a  little  at  a  time  to  strong  aqueous  hydro- 
fluoric add.  Complete  solution  is  observed  at  first  but  as  the  acid  be- 
comes weaker,  some  lead  dioxide  begins  to  separate  out.  At  this  point 
further  addition  of  plumbate  is  stopped,  since  it  would  be  decomposed, 
with  separation  of  lead  dioxide  and  solution  of  potassium  hydroxide  to 
form  potassitun  hydrogen  fluoride.  This  salt  in  turn  decreases  the  solu- 
bility of  the  octafluoride  in  the  aqueous  hydrogen  fluoride  so  that  there 
is  loss  of  material  already  dissolved.  As  the  double  salt  dissolves,  the 
solution  warms.  If  the  plumbate  has  been  heated  to  too  high  a  tem- 
perature and  potassitun  tetraoxide  formed,  oxygen  is  evolved  in  the 
process  of  solution  and  a  dark  aystalHne  complex  compoimd,  probably 
a  fluoroxjrperplumbate,  is  precipitated  even  in  the  beginning. 

After  standing  a  short  time  in  order  to  permit  the  lead  dioxide  and 
metallic  fluoride  impurities  to  settle,  the  solution  is  filtered  through 
paper  supported  by  several  layers  of  doth.  The  dear  filtrate  in  lead 
dishes  on  sand  baths  is  evaporated  very  gently  in  a  stream  of  air.  When 
crystals  begin, to  form,  the  evaporation  is  carried  on  with  extreme  care. 
At  this  point  there  is  great  danger  in  obtaining  crystals  of  the  double 
salt  contaminated  with  potassium  hydrogen  fluoride  which  remains  in 
the  mother  liquor.  If  the  addition  of  potassium  plumbate  has  been 
carried  only  to  the  point  where  lead  dioxide  just  begins  to  separate,  the 
solution  may  very  safdy  be  evaporated  to  a  very  small  residual  volxune 
with  the  possibility  of  only  small  contamination.  It  is  essential,  there- 
fore, that  an  excess  of  hydrogen  fluoride  be  kept  always  present.  Very 
slight  excess  of  plumbate  after  lead  dioxide  first  begins  to  separate  from 
the  solution  produces  enormous  solubility  changes.  In  one  instance  5 
g.  excess  was  added,  the  solution  allowed  to  come  to  equilibrium,  filtered 
and  evaporated  to  dryness.  The  resulting  pure  white  oystals  upon 
analysis  showed  24.22%  lead  while  the  pure  octafluoride  contains  434% 
lead.  The  mass  is  therefore  almost  hsdf  potassitun  hydrogen  fluoride. 
Contamination  with  this  salt  is  serious,  inasmuch  as  the  hydrogen  fluor- 
ide cannot  all  be  driven  out  bdow  250**,  and  therefore  comes  over  with 
fluorine.  It  is  true,  however,  that  the  hydrogen  fluoride  may  be  re- 
moved from  the  fluorine  by  passing  the  gases  over  fused  potassium  fluor- 
ide or  through  a  condenser  cooled  with  carbon  dioxide-acetone  mixttu-e. 
In  the  preparation  of  the  pure  salt,  3KF.HF.PbF4,  it  is  important,  there- 
fore, to  separate  as  completdy  as  possible  the  first  oystals  which  form 
from  the  mother  liquor. 
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Except  for  analysis  of  the  douUe  salt,  Brauner's  work  on  the  octo- 
fluoride  which  is  the  only  instance  in  the  literatiu-e,  was  strictly  of  a 
qualitative  nature.  It  was  deemed  advisable,  therefore,  to  make  as 
complete  a  study  of  this  salt  as  posdbte  with  a  view  to  controlling  purity 
and  yields. 

Methods  of  Analysis. 

The  analysis  of  the  complex  salt  once  obtained  presents  no  great  diflS.- 
culties.  The  most  refined  method  for  a  quantitative  determination  of 
lead  is  to  dissolve  the  double  salt  in  strong  nitric  acid,  the  valence  of 
lead  thereby  being  reduced  to  two.  The  solution  is  diluted,  sidfupc 
acid  added  and  lead  determined  as  the  sulfate  in  the  usual  way.  Po- 
tassium is  determined  as  the  sulfate  in  the  filtrate  by  evaporating  to 
fumes  with  excess  sulfuric  acid,  and  then  igniting  at  a  low  red  heat.  In 
order  to  determine  fluorine,  another  portion  of  the  nitric  acid  solution 
and  tripotassium  lead  hydrogen  octafluoride  is  diluted  and  the  lead  pre- 
cipitated as  sulfide  by  hydrogen  sulfide,  some  sulfur  also  being  formed. 
The  filtrate  is  made  slightly  alkaline  with  sodium  carbonate  and  calcium 
chloride  added  in  order  to  precipitate  calcium  fluoride. 

In  the  course  of  these  experiments,  however,  a  very  much  simpler 
method  of  analysis  has  been  foimd  to  be  of  great  value  as  a  time  saver, 
at  the  same  time  being  capable  of  a  fair  degree  of  acciuracy.  Water 
quantitatively  hydrolyzes  3KlF.HF.PbF4  according  to  the  reaction 

2(3KF.HF.PbF4)  +  4H2O  -  3K2F,  +  5H2F2  +  2]^b0,. 
The  lead  dioxide  precipitates  out  and  may  be  filtered  off  and  weighed 
as  such.  In  some  instances  the  product  was  collected  on  tai«d  filter 
papers,  but  better  results  were  obtained  by  the  use  of  alundum  crudbles. 
The  dioxide  is  dried  at  105''.  Even  at  this  temperature  small  amounts 
of  water  may  be  retained  resulting  in  results  sUghtly  too  high.  This 
difficulty  may  be  overcome  by  igniting  to  the  monoxide  and  again  weigh- 
ing. 

The  filtrate  is  a  solution  of  potassium  fluoride  in  aqueous  hydrogen 
fluoride.  Part  of  it  is  titrated  with  standard  alkali  to  determine  fluorine 
as  hydrofluoric  add  formed  by  hydrolysis,  together  with  the  acid  present 
as  such  in  the  original  molectde.  The  rest  of  the  solution  is  evaporated 
to  complete  dryness,  ignited  at  500*^  to  decompose  the  potassium  hydro- 
gen fluoride  and  the  residue  wdgfaed  as  potassium  fluoride.  These  3 
very  simple  operations  therefore  enable  the  rapid  determination  of  lead^ 
fluorine  and  potassium. 

In  the  preparation  of  samples  of  crystals-  of  the  pure  doutde  salt,  of 
total  solids,  and  of  add  solutions  for  analysis,  potassium  plumbate  care- 
fully prepared  as  described  was  added  in  small  quantities  to  aqueous 
hydrogen  fluoride  until  the  separation  of  lead  dioxide  became  appacetit.^ 
'  Commercial  hydrofluoric  acid  analyzing  50%  and  oo&tiainitig  lo^drofluosiUcic 
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The  solution  was  then  allowed  to  cool  and  to  come  to  complete  equi- 
librium by  standing,  and  filtered.  The  dear  filtrate  was  divided  into  sev- 
eral parts: 

Part  I  was  very  carefully  evaporated  until  well-shaped  crystals  began  to 
form,  and  then  placed  in  a  vacuum  desiccator  until  crystallization  was 
complete.  The  crystals  were  removed  from  the  mother  liquor  and  dried 
repeatedly  between  filter  papers.  It  is  necessary  that  the  operation 
proceed  very  rapidly  as  otherwise  moisture  in  the  air  begins  to  cause 
darkening  of  the  crystals  by  hydrolysis  according  to  the  equation 
3KF.HF.PbF4  +  nH,0  =  PbOj.HiO  +  3KF.HF  +  2H1F,  +  (n  —  3)H,0. 
The  crystals  so  obtained  were  analyzed  by  the  method  outlined  for  lead, 
potassium  and  fluorine.  The  preswice  of  one  molecule  of  hydrogen 
fluoride  was  detected  by  titration  after  hydrolysis  of  the  scdt. 

Part  2  of  the  solution  was  evaporated  to  complete  dryness  in  order  to 
determine  the  total  double  salt  and  the  potassium  hydrogen  fluoride  in 
solution.  This  was  then  subjected  to  complete  hydrolysis,  the  lead 
dioxide  filtered  off,  dried  and  weighed,  and  from  the  amount  of  lead  so 
determined,  the  weight  of  the  pure  octafluoride  was  calculated.  Sub- 
traction of  this  value  from  the  weight  of  the  total  solids  gave  the  weight 
of  potassium  hydrogen  fluoride.  By  titrating  part  of  the  filtrate  from 
the  lead  dioxide  for  acidity  and  evaporating  a  part  to  dryness  to  deter- 
mine potassium  as  potassium  fluoride,  a  check  could  be  established  on 
the  ratio  of  double  salt  to  potassium  hydrogen  fluoride. 

Part  3  of  the  solution  was  diluted  with  a  large  volume  of  water  to 
complete  hydrolysis,  and  the  lead  dioxide  filtered  off  and  weighed  as 
a  further  check.  The  filtrate  was  then  titrated  with  standard  sodium 
hydroxide  solution  in  order  to  determine  what  may  be  termed  total 
acidity.  This  includes  the  concentration  of  hydrogen  fluoride  formed 
by  the  hydrol3rsis  of  the  double  salt  and  that  of  the  add  in  whidi  the 
double  salt  is  dissolved.  Knowing  the  total  solids  in  solution  and  having 
determined  in  Part  2  the  so-called  partial  addity,  or  the  amoimt  of 
hydrogen  fluoride  formed  by  their  action  with  water,  it  was  thus  possible 
by  subtraction  to  determine  the  strength  of  the  add  solution  and  the 
amount  of  water  present. 

Part  4  of  the  solution  was  titrated  carefully  with  water  until  a  slight 
brownish  tinge  was  apparent,  indicative  of  indpient  hydrolysis.  This 
amount  of  water  was  then  added  to  that  known  to  be  present  in  the 
solution  as  determined  in  Part  3  and  the  later  concentration  of  free  hydro- 
gen fluoride  in  the  solution  thus  determined.  The  solution  was  com- 
and  sulfuric  acids  as  impurities  was  used  in  these  experiments.  The  use  of  acid  of 
lower  concentration  is  entirely  impracticable  as  will  be  evident  from  the  solubility 
data.  Anhydrous  liquid  hydrogen  fluoride  cannot  be  used  because  of  its  immediate 
evaporation  by  the  heat  generated  in  the  reaction. 
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pletely  hydrolyzed,  the  lead  dioxide  filtered  oflf  and  weighed  and  the 
filtrate  evaporated  to  dryness.  The  residue  was  ignited  to  red  heat  and 
weighed  as  potassium  fluoride.  All  evaporations  and  titrations  were 
conducted  in  nickel  or  "Bario"  vessels. 

The  results  of  these  determinations  are  summarized  in  Table  I,  the 
divisions  of  which  correspond  to  the  4  parts  of  the  solution  just  described. 
The  solubility  relationships  of  the  octafluoride  and  potassium  hydrogen 
fluoride  cdone  and  together  in  hydrofluoric  add  at  different  concentra- 
tions are  shown  in  Table  II. 

Table  I. 

Analjrses. 

3NftOH.lPbOa 
3KOH.] PbOi  in  HsPs.  2NftOH.lPbOi  in  HtFs.  in  HtPt. 

1.  Pure  crystals:  /  _.  _ 

"''''^     .    ri.io.oPbo. 

^•^^ 0.7433     0.3233  PbO         i.677o|^    3      ^^j 

[  0.4749  CaFi  \     o  t    K 

f  0.3088  PbOi  r  p,^ 

0.6101  0.2645  PbO    2.7880'  r!^  f-?^ 

I  0.3330  K.SO,  \  0.6274  (HF) 

Caic.  for  3KF.HF.PbP4.  (2NaF.PbF4) : 

3K      24.60  2NaF     32.89 

Pb       43-35  Pb  56.40 

8F      31.84  4HF  21.73 
(Hydrolysis  PbFi) 
%  composition: 

Found K      24.53  NaF  22.86 

Pb(  43.36  p^  f  56.90 

I  43.35  I  56.45 

F      31.23  HF  21.80 

2.  Solute,    a.  Total  solids: 

Wt.  solution 6.3003  5.7067        23.4180  55.4120 

Wt.  dty  residue 0.8153  2.2775  4.1030 

%  solids 12.94  9.726  7.40 

b.  Pure  double  salt: 

Wt.  solid 0.8153  1.2490  4.1030 

Wt.  PbOi  from  hydrolysis .      o .  3545  o .  3353         o .  1 845  i .  8300 

Wt.  pure,  double  salt 0.7075  0.6682  i  .2020  2.810 

%  pure,  double  salt 11.23  11.27  9-358  5.07 

c.  Alkaline  acid  fluoride: 

Wt.  in  total  solids  (a) o.  1078  0.0470  i  .293 

%  in  solution 1.71  0.368  2.33 

d.  Normal  fluoride  (check) : 

Calc.  (double  salt  +  add 

fluoride) 0.3383 

Found 0.3367 

3.  Solvent  (original  acid  49-50%) ; 

a.  Partial  acidity  (hydrolysis  of  solids) : 

Wt.  solid 0.8153                                     2.2775  4.1030 

Wt.  HjFi 0.1302                                     0.4900  0.7744 

%HtF, 16.0  17.68  (calc.)  (17.87)  18.87 
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2NaOH.lPbOs    3NftOH.lPbOs 
3KOH.lPbO»  in  HsPt.  in  HiPt.  in  HtPt. 

b.  Total  acidity  (solvent  +  a) : 

Wt.  solution 5 .  7067  12 .  8439  103 .3280 

Wt.  total  soHds o. 7379                                      i  .2490  7 .6460 

Wt.  HjF,  4- HiO 4.9688  11.5949  956820 

Wt.  total  H»Fi  (titration) .      i .  5638                                      4 .  700  37 .  0645 

c.  Solvent  concentration  {b  —  a): 

%HtFt 29.10  38.61  37.23 

%HaO 70.90  61.39  62.77 

4.  Solvent  concentration  at  solute  hydrolysis: 

Wt.  solution 5.7067  12.8439  5.5650 

Wt.  HtO  added  to  incipient 

hydrol3rsis 3-50  5*85  20.0 

Cone,  of  HjFa  (%) 17.0  24.5  8.0 

TablS  II. 
Solubility  Relationships. 
a.  Solubility  of  KiFi  at  25*  in  100  g.  of  HtO. 

G.HtFt.  %HiFt.  O.  KsPs.  %  KiF». 

0.0  0.0  96.3  48.0 

I.6l  1.5  61.0  37.5 

6.0s  5.7  30.4  22.3 

12.5  II. I  30,5  21.3 
16.0  13.8  33.4  22.3 
20.7                            17.2                           38.4  24.1 

28.6  22.3  46.9  26.7 
42.0                           30.0                           61.8  30.0 

100. o  50.0  136.0  40.5 

b.  Solubility  of  3KF.HF.PbF4  at  25**  in  100  g.  H,0. 

%  HaPs.  %  KsPs.  %  Mlt. 

o  o  Hydrolyzes 

29.1  I. 71  11.23 

30.0  o  12.21 

17.0  1. 71  Hydrolyzes 

20.0  o  Hydrolyzes 

20.0  25.0*  1.7 

The  Preparation  and  Properties  of  Disodium  Lead  Hezafiuoride. 

No  record  is  to  be  found  in  the  literature  of  the  isolation  and  study  of 
any  double  salt  of  sodium  fluoride  with  lead  tetrafluoride.  Confronted 
by  the  necessity  of  substituting  sodium  hydroxide  for  the  more  expensive 
potassium  hydroxide  in  preparing  a  salt  to  serve  as  the  basis  for  obtain- 
ing fluorine,  this  study  has  necessitated  the  isolation  and  analysis  for 
the  first  time  of  the  double  salt  containing  sodium.  It  seemed  upon 
first  thought  that  the  formula  of  the  sodium  compoimd  should  corre- 
spond exactly  to  the  potassium  compound.  Soditun  pltunbate  was  there- 
fore prepared  in  the  proportion  of  3  molecular  weights  of  sodium  hy- 

*  At  higher  concentrations  of  potassium  hydrogen  fluoride,  lead  dioxide  itself  is 
soluble. 
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droxide  to  one  of  lead  dioxide,  observing  the  very  particular  conditions 
to  prevent  decomposition  which  have  akeady  been  explained.  Solution 
was  made  in  hydrofluoric  acid,  the  salt  so  formed  analyzed  and  studied 
exactly  as  in  the  case  of  tripotassium  hydrogen  lead  octafluoride.  Re- 
peated trials  led  to  samples  giving  widely  differing  analyses  so  that  it 
was  impossible  to  calculate  an  exact  formula.  One  sample  anal3rzed 
according  to  the  methods  already  described  as  used  for  the  potassium 
double  salt,  contained  8.63%  of  lead,  32.37%  sodium  and  48.53%  of 
fluorine,  corresponding  almost  exactly  to  the  formida  6NaF.4HF.PbF4. 
It  soon  was  evident,  however,  that  this  sample  was  merely  a  large  amotmt 
of  sodium  hydrogen  fluoride  containing  a  little  of  the  true  double  scdt. 
It  was  remarkably  stable  towards  hydrolysis  by  water,  was  quite  diflS- 
cultly  soluble  and  evolved,  hydrogen  fluoride  in  amounts  indicating  the 
presence  of  sodium  hydrogen  fluoride.  Another  sample  contained  14.46% 
of  lead  and  26.49%  of  sodium.  It  was  reasoned  from  this  that  there 
must  be  excess  sodium  hydroxide  in  the  plumbate  which,  when  dissolved 
in  hydrofluoric  add,  resulted  in  the  formation  of  sodium  hydrogen  fluo- 
ride along  with  the  double  fluoride  of  lead  tetrafluoride,  and  tiiat  they 
could  not  be  as  easily  separated  from  each  other  as  are  the  corresponding 
potassium  compotmds  because  of  the  comparatively  small  solubility  of 
sodium  fluoride.  The  work  of  Marignac  on  the  double  fluorides  of  tin 
tetrafluoride  furnished  an  ancdogy.  This  worker  isolated  tripotassium 
tin  hydrogen  octafluoride,  which  is  isomorphous  with  the  lead 
octafluoride,  but  found  that  the  soditun  compotmd  was  not  analogous 
to  the  potassium,  and  possessed  the  formula  2NaF.SnF4. 

Sodium  plumbate  therefore  was  prepared  from  soditun  hydroxide  and 
lead  dioxide  in  the  proportion  of  2  to  i,  and  dissolved  in  50%  hydro- 
fluoric add  imtil  lead  dioxide  was  just  apparent.  The  oystals  whidi 
formed  were  thick,  short  plates,  instead  of  the  needles  of  the  potassium 
salt,  and  very  much  less  stable.  The  salt  was  reaystallized  8  times, 
the  crystals  of  sodium  hydrogen  fluoride  which  were  first  formed  being 
rejected  each  time.  By  working  very  rapidly  the  plumbate  crystals 
were  separated  from  the  mother  liquor,  dried  between  filters  and  wdghed 
before  they  darkened.  Anal)rsis  was  made  in  the  same  way  as  outlined 
for  the  potassium  salt.  Solubilities  and  points  of  hydrolysis  were  also 
carried  out  in  parallel  with  the  determinations  upon  tripotassium  lead  hy- 
•drogen  octafluoride.  The  results  are  summarized  similarly  in  Tables 
I  and  III.  Table  I  also  shows  the  large  influence  upon  solubility  of  the 
excess  molecule  of  sodium  hydromde  in  fusions  of  3NaOH  +  iPbOj. 

Attention  is  particularly  called  to  the  very  remarkable  effect  of  sodium 
hydrogen  fluoride  upon  the  solubility  and  hydrolysis  of  the  double  salt. 
The  presence  of  2.33%  of  the  former,  which  lacks  only  0.6%  of  being 
saturated,  serves  to  diminish  the  solubility  of  2NaF.PbF4  by  over  V« 
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Solubility  Relationships. 

a. 

Solubility  of  Na«Fj  at  25*" 

in  100  g. 

of  H,0. 

G.H.F,. 

%  H«Ft  (solvent).              G 

.  NatFi. 

%  NasPt  (solution). 

0.0 

0.0 

4-2 

4.03 

I.O 

1.0 

4.14 

3-9 

4.6 

4.4 

2.25 

2.1 

8.4 

7.7 

23 

2.0 

13.0 

II. 5 

2.4 

2.08 

59-6 

37.3 

4.88 

2.9 

77.7 

43.7 

«.2 

4.5 

Note:  The  solubility  of  sodium  fluoride  decreases  with  increasing  concentration  of 
hydrogen  fluoride  until  sodium  hydrogen  fluoride  is  formed,  followed  by  increase  in 
solubility. 

b.  Solubility  of  2NaF.PbF4  at  25**  in  100  g.  of  HiO. 

%  HsPt.  %  NaO't.  %  Mlt. 

o  o  Hydrol3rzes 

38.61  0.368  9.358 

40.0  Trace  10.49 

24 . 5  0.4  Hy  drol3rzes 

37.23  2.33  5.07 

7.9  2 .  33  Hydrolyzes 

(from  10.49  t^  5  07)  and  to  stabilize  it  towards  the  action  of  water  by 
reducing  the  critical  hydrolytic  concentration  of  hydrogen  fluoride  from 
24.5%  to  8%.  Another  outstanding  fact  is  that  disodium  lead  hexa- 
fluoride  is  tnore  soluble  than  is  sodium  hydrogen  fluoride,  although  the 
scdubilities  are  not  greatly  different,  so  that  in  fractional  crystallization 
for  separation,  the  pure,  double  salt  remains  in  the  mother  liquor.  The 
reverse  relationships  are  observed  in  the  separation  of  potassium  hydro- 
gen fluoride  and  tripotassium  lead  hydrogen  octafluoride.  The  study  of 
the  very  interesting  4  component  system  (H2(>-HjFr-NaHF2~2NaF.Pbp4) 
will  be  continued  further. 

Comparison  of  the  Potassium  and  Sodium  Double  Salts  as  Practical 

Sources  of  Fluorine. 

Plumbates. — It  has  already  been  shown  that  potassium  plumbate  is 
more  easily  prepared,  with  more  efficient  use  of  the  material.  However, 
the  greater  availability  and  economy  in  the  use  of  sodium  hydroxide, 
especially  inasnmch  as  the  plumbate  is  prepared  by  fusing  only  2  mol- 
eoilar  weights  instead  of  3,  may  outweigh  the  mechanical  and  experi- 
mental difficulties. 

Formulas. — If  the  salts  could  be  prepared  in  ptu-e  condition  exclusive 
of  all  other  considerations,  the  advantage  in  the  use  of  2NaP.PbF4  over 
3KP.HP.PbP4  as  a  source  of  fluorine  is  at  once  apparent,  since  no  hydro- 
gen fluoride  must  be  driven  from  the  molecule  by  preliminary  heating. 

SohiUUties. — ^Por  a  given  weight  of  50%  hydrogen  fluoride,  the  ad- 
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vantage  is  entirely  on  the  side  of  the  potassium  salt,  since  under  the  most 
special  conditions  to  avoid  the  formation  of  excess  add  fluorides  it  is  at 
least  4%  more  soluble  than  the  sodium  compound.  There  is  manifestly 
much  less  difference  between  the  solubilities  of  the  double  salts  than 
between  those  of  the  fluorides  (normal  and  add  salts,  respectivdy). 

In  the  second  place,  potassium  hydrogen  fluoride  decreases  the  solu- 
bility of  tripotassium  lead  hydrogen  octafluoride  far  less  than  soditun 
hydrogen  fluoride  decreases  that  of  disodium  lead  hexafluoride.  This  point 
deserves  serious  consideration,  because  even  under  the  best  conditions 
some  of  the  add  fluoride  wUl  be  present.  The  solubility  of  the  potassium 
double  fluoride  is  decreased  only  i%  by  the  presence  of  2%  of  potassium 
hydrogen  fluoride,  while  the  solubility  of  the  sodium  compound  is  de- 
creased 5V2%  in  a  2%  solution  of  sodium  hydrogen  fluoride.  Further- 
more the  potassium  salt  is  in  add  solution  which  is  10%  weaker  than 
the  latter. 

In  the  third  place  the  potassitun  salt  may  be  separated  with  ease  from 
the  contaminating  potassium  hydrogen  fluoride  by  fractional  crystal- 
lization, since  the  solubilities  differ  quite  widdy,  whereas  separation  of 
the  corresponding  sodium  compounds  is  almost  impossible;  indeed,  the 
soditun  hydrogen  fluoride  actually  begins  to  crystallize  out  of  solution 
first.  There  is  a  compensating  advantage,  however,  in  the  fact  that 
this  compound  gives  up  its  hydrogen  fluoride  at  temperatures  consid- 
erably lower  (160^)  than  does  potassium  hydrogen  fluoride,  so  that  even 
if  hydrogen  fluoride  were  evolved  along  with  fluorine  from  the  sodium 
double  salt,  it  could  be  removed  by  condensation  or  absorbed  in  fused 
potasisium  fluoride. 

Stabilities. — The  pure  potassium  salt  is  considerably  more  stable  than 
the  ptu-e  sodium  salt  towards  the  action  of  moisture.  In  the  invariable 
presence  of  the  add  fluorides  which  exert  a  powerful  stabilizing  influ- 
ence, however,  there  is  little  to  choose  between  the  salts  in  this  req>ect 

Yields. — ^Wdght  for  wdght  of  materials  used,  the  preparation  of  the 
potassium  salt  is  almost  twice  as  effident  a  process  as  that  of  the  sodium, 
as  shown  in  the  tables. 

Recovery  of  By-products, — ^The  evaporation  of  the  sattu-ated  solu- 
tions to  crystallization  may  be  very  successfully  carried  out  as  a  dis- 
tillation and  the  excess  aqueous  add  thus  collected  returned  to  the  process. 
One  sample  so  obtained  from  a  solution  of  the  sodium  double  salt  anal- 
yzed 46.8%  hydrogen  fluoride.  Similarly,  the  practically  anhydrous 
hydrogen  fluoride  driven  off  at  250^  may  be  condensed  in  a  copper  spiral 
cooled  by  carbon  dioxide-acetone  mixttu'e  and  returned  to  the  process. 
After  fluorine  has  been  evolved,  salts  of  the  formulas  jKF.PbFj  and 
2NaF.PbF2  remain  as  residues.    In  dther  case  the  lead  may  be  recovered 
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as  lead  dioxide  by  dissolving  in  dil.  nitric  add,  filtering  off  any  dioxide 
from  the  hydrol3rsis  of  unchanged  lead  tetrafluoride,  adding  alkaline 
hydroxide  in  excess  and  passing  chlmne  into  the  suspension  of  lead 
hydroxide  below  50^.  The  precipitation  of  lead  dioxide  is  practically 
quantitative  according  to  the  equation 

PbO-HjO  +  NaClO  -  PbOj.HjO  +  NaCl. 
AH  fluorine  remaining  in  solution  may  be  recovered  by  precipitating  as 
calcium  fluoride  which  with  sulfuric  add  will  regenerate  the  hydroflucuic 
add  used  up.    The  entire  recovery  pro(;ess  as  tested  out  on  an  experimental 
hasis  is  95%  efiSdent. 

Evolution  of  Fluorine. — ^The  practically  piu-e  tripotassium  lead  hydro- 
gen octafluoride  has  been  used  to  advantage  for  the  evolution  of  fluorine. 
Four  hotu^  at  250®  usually  suflSce  to  drive  off  the  hydrogen  fluoride,  and 
evolution  of  fluorine,  as  indicated  by  the  formation  of  iodine  crystals  on 
potassium  iodide  paper,  is  evident  at  300 '*.  No  experiments  of  this 
sort  have  been  as  yet  possible  with  pure  disodium  lead  hexafluoride  be- 
cause of  the  great  diflSculty  in  obtaining  it  piu-e.  In  every  case  the 
product  has  been  contaminated  with  sodium  hydrogen  fluoride  from 
which  all  the  hydrogen  fluoride  could  not  be  driven  at  250^*.  There 
were  strong  indications  of  fluorine,  however,  from  the  salt  even  at  250**, 
so  that  undoubtedly  the  evolution  from  the  piwe  salt  would  begin  at 
quite  low  temperatiu-es,  which  would  of  course  be  a  distinct  advantage. 

Nashtellb,  Tbitn. 
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DETERMINATION  OF  GALUTTM  WHEN 
ASSOCIATED  WITH  ZINC- 

By  Lyman  £.  Portbr  and  Phiup  E.  Browning. 

Received  July  19.  1919 

The  frequent  occurrence  of  gallium  with  zinc  makes  the  separation 
of  these  deqients  of  especial  importance.  The  usual  method  of  sep- 
aration consists  in  the  precipitation  of  the  gallium  hydroxide  by  ammonium 
hydroxide  in  the  presence  of  ammonium  salts,  the  zinc  remaining  in 
solution.^  This  method  has  several  disadvantages,  for  not  only  is  it 
necessary  to  boil  for  a  long  time  to  expel  the  excess  ammonia,  in  order 
that  the  precipitation  may  be  complete,  but  in  the  process  an  appreciable 
amount  of  the  gallium  compotmd,  the  precipitate,  usually  adheres  to  the 
containing  vessel;  moreover,  when  extracting  any  considerable  amount 
of  gallium  from  material  containing  zinc,  sudi  as  the  leady  residue  from 
the  purification  of  zinc  or  the  galliimi-indium  alloy  obtained  from  this 
'  Lecoq  de  Boisbaudran,  CompL  rend.,  94,  {625  C1882). 
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residue,*  the  gelatinous  nature  of  the  gallium  hydroxide  results  in 
slow  filtration  and  a  tendency  to  include  a  considerable  amount  of  the 
soluble  zinc  salts  even  after  several  repredpitations.  Various  procedures 
have  been  suggested  to  overcome  these  difficulties.  Dennis  and  Bridge- 
man*  precipitate  the  zinc  by  the  use  <rf  potassium  mercuric  thiocyanate, 
leaving  the  gallium  in  solution;  the  mercury  is  then  removed  by  hydro- 
gen sulfide.  The  gallium  is  separated  by  boiling  the  solution  with  sodium 
sulfite  in  the  presence  of  hydrochloric  add,  or  by  using  ammonium 
sulfite.  Care  must  be  taken,  the  authors  state,  to  have  the  add  con- 
centration right,  otherwise  some  gallium  is  dissolved,  dther  by  the  excess 
of  add  or  by  the  alkali  formed  by  the  hydrol3rsis  of  the  sodium  sulfite. 

The  work  described  in  the  present  artide  has  to  do  with  a  direct  appli- 
cation of  the  sulfite  method  to  the  separation  of  moderate  amounts  of 
zinc  from  gallium.  It  is  assumed  that  any  indium  originally  present  has 
been  previously  separated  by  sodium  hydroxide  and  that  the  greater 
part  of  the  zinc  has  been  removed  by  predpitating  the  gallium  hydroxide 
in  the  presence  of  ammonium  chloride.^ '^  The  reagents  used  are  sodium 
hydrogen  sulfite  and  ammonium  hydrogen  sulfite,  formed  by  saturating, 
respectivdy,  with  sulftu-  dioxide  a  io%  solution  of  sodium  sulfite  and 
dil.  ammonium  hydroxide  (i :  4). 

Preliminary  experiments  showed  that  0.0002  g.,  or  even  less,  of  gallium 
can  be  predpitated  in  5  cc.  of  solution  by  boiling  with  a  drop  or  two  of 
dther  of  these  reagents.  Similar  experiments  on  solutions  containing 
zinc  showed  no  predpitation  even  after  boiling  10  minutes,  although  it 
may  be  predpitated  from  neutral  solutions  by  neutral  sodium  sulfite. 
To  test  the  completeness  of  the  gallium  predpitation,  a  study  was  made 
of  the  delicacy  of  the  potassium  ferrocyanide  test,*  with  a  view  to  using 
it  to  detect  gallium  in  the  filtrate  after  the  sulfite  predpitation.  In 
hydrochloric  add  solution  as  small  an  amount  as.o.oooi  g.  of  gallium 
in  5  cc.  of  solution  can  be  detected  by  the  ferroc3ranide.*  It  was  found, 
however,  that  if  0.002  g.  of  gallium  in  5  cc.  of  solution  is  treated  with 
ammonium  hydrogen  sulfite  in  the  cold,  no  predpitate  forms  upon  the 
addition  of  the  ferrocyxmide,  nor  does  it  come  down  on  teng  standing. 
The  addition  of  an  excess  of  hydrochloric  add  to  this  solution,  however, 
causes  predpitation.  By  the  use  of  smaller  amounts  of  gallium  it  was 
found  that  the  deUcacy  of  the  test  is  not  interfered  with  by  the  sulfite, 
provided  that  suffident  hydrochloric  add  or  other  strong  add  is  present. 

*  Browning  and  Uhlcr,  and  Uhler  and  Browning,  Am.  /.  Set.,  41,  351  (19 16);  43, 
389  (1916). 

*  Tms  JouRNAi,,  40,  1531  (1918). 
'  l^eooq  de  Boisbaudran,  Loc,  cU, 

*  Browning  and  Uhler,  Ihid. 

^  Lecoq  de  Boisbaudran,  Compt.  rend.,  99,  526  (1884}. 

*  Browning  and  Porter,  Am.  J.  Set.,  44,  221  (1917). 
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This  constitutes  a  difference  between  the  behavior  of  gallium  and  that  of 
zinc,  because  the  latter  may  be  precipitated  as  the  ferrocyanide  from  a 
solution  containing  sulfite,  even  in  the  absence  of  strong  add. 

A  series  of  precipitations  of  gallium  was  made  from  neutral  or  slightly 
add  solutions  by  boiling  them  with  ammonium  hydrogen  sulfite.  Amounts 
of  gallium  ranging  from  0.0005  g.  to  0.005  g.  calculated  as  the  metal, 
were  used.  The  filtrates  from  the  predpitations  were  treated  with  hydro- 
chloric add  and  potassium  ferrocyanide.  Negative  results  proved  the 
completeness  of  the  predpitation. 

The  following  procediwe  for  the  qualitative  detection  and  separation 
of  gallium  and  zinc  was  tried  successfully  on  unknown  solutions.  The 
results  are  given  in  Table  I.  The  neutral  or  slightly  add  solution,  about 
5  cc.,  is  boiled  for  two  minutes  with  sodium  hydrogen  sulfite.  A  pre- 
cipitate, indicating  gallium,  is  filtered  off  after  it  settles.  Hydrochloric 
add  is  then  added  to  the  filtrate,  followed  by  potassium  ferrocyanide. 
A  predpitate  here  shows  the  presence  of  zinc.  Similar  results  were 
obtained  by  substituting  ammonium  hydrogen  sulfite  for  the  sodium 
salt.  In  the  table,  Bxpts.  ii  to  13  are  significant  in  that  the  failure  to 
get  a  test  with  the  ferrocyanide  gives  additional  evidence  that  the  pre- 
dpitation of  gallium  is  complete. 

Tablb  I. 
Qualitative  Detection  of  Gallium  and  Zinc. 
Bzi>t.  Taken  G.  Pound. 

1  Ga  o.oooi Ga  present  (doubtful)      Zn  absent 

2  Ga  0.0002,  Zn  0.0015 Ga  present  Zn  present 

3  Zn  o.ooi Ga  absent  Zn  present 

4  Ga  0.0002,  Zn  0.0003 Ga  present  Zn  present 

5  Ga  0.0003 Ga  present  Zn  absent 

6  Zn  0.0002 Ga  absent  Zn  present 

7  Ga  0.0002 Ga  present  Zn  absent 

8  Zn  0.0005 Ga  absent  Zn  present 

9  Distilled  water Ga  absent  Zn  absent 

10  Ga  0.0003 Ga  present  Zn  absent 

11  Ga  0.005 Ga  present  Zn  absent 

12  Ga  0.0025 Ga  present  Zn  absent 

13  Ga  0.005 Ga  present  Zn  absent 

This  method  lends  itself  well  also  to  the  quantitative  estimation  of 
gallium  in  the  presence  of  zinc,  on  account  of  the  granular  form  of  the 
predpitate.  The  gallium  is  conveniently  predpitated  from  200  cc.  of 
solution,  which  is  neutral  or  slightly  add.  After  the  addition  of  4  or  5 
cc.  of  ammonium  hydrogen  sulfite  the  solution  is  heated  to  boiling  for 
from  3  to  5  minutes.  At  the  end  of  this  time  the  predpitate  of  gallium 
is  in  distinctly  granular  form  and  settles  readily.  The  supernatant  liquid 
is  decanted  through  a  filter  paper.  The  predpitate  left  in  the  beaker  is 
disscdved  by  the  addition  of  a  few  drops  of  hydrochloric  add  and  200  cc. 
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of  water  is  added.  The  gallium  is  repredpitated  as  before,  and  the 
precipitate  is  filtered  off  upon  the  original  filter  paper,  ignited,  and  weighed 
as  Ga208.  It  was  found  that  if  the  gallium  is  not  repredpitated  when 
zinc  is  present  a  somewhat  high  result  is  obtained,  but  this  is  obviated 
by  a  single  repredpitation. 

Expts.  9  and  lo,  Table  II,  are  of  spedal  interest,  because  in  the  former 
the  galliiun  was  reprecipitated  3  times,  and  in  the  latter  twice,  the  re- 
sults showing  that  this  precedure  does  not  result  in  any  loss  of  gallium. 

• 
Table  II. 
Quantitative  Estimation  of  Gallium  Precipitated  by  Ammonium  Add  Sulfite. 

Amount  ZnCls   Amount  GasOs   Amount  GaiOs  Error. 

Kxpt.  taken.    G.  taken.    G.  found.   G.  G. 

I o  0.0202  0.0203  0.0001  + 

2 O        0.0236       0.0235       O.OOOI — 

3 O.I  0.0202  0.0199  0.0003 — 

4 O.I  0.0202  0.0203  O.OOOI  4- 

5 0.35  0.0151  0.0149  0.0002 — 

6 0.3  0.0202  0.0201  O.OOOI — 

7 O.I  0.0236  0.0236  0.0000* 

8 0.1  0.0236  0.0239  0.0003  + 

9 O        0.0472       0.0471       O.OOOI — 

10 o      0.0236     0.0234     0.0002 — 

N«w  Havbn,  Conn. 


[Contribution  from  the  Dbpartmei^  op  Nutrition,  Ohio  Agriculturai*  Expbri- 
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THE  MODIFIED  BENEDICT  METHOD  FOR  THE  ESTIMATION 
OF  SULFUR  IN  FEEDS,  FECES  AND  FOODS.^ 

By  J.  O.  Hai^vbrsgn. 

Received  July  21,  1919. 

In  the  estimation  of  total  sulfur  in  solid  organic  matter,  the  Wolf  and 
Osterberg  procedure^  of  adding  fuming  nitric  add  in  the  preliminary 
oxidation  and  solution  of  the  material  (before  final  and  complete  oxida- 
tion with  the  Benedict  reagent*)  offers  two  great  difficulties  which  pre- 
vent its  general  availability  for  those  classes  of  substances  for  which  the 
official  peroxide  method*  is  applicable.  First,  the  use  of  large  amounts 
(50  to  75  cc.)  of  fuming  nitric  acid  in  Kjeldahl  flasks  heated  over  a  free 
flame  is  tedious,  long,  and  effect  solution  with  difficulty.    Second,  the 

^  An  abstiact  of  the  work  included  in  this  paper  was  presented  at  the  Cleveland 
meeting  of  the  American  Chemical  Society,  Sept.  12,  1918. 

2  Biochem.  Z.,  29,  428  (19 10). 

'  The  Benedict  reagent  consists  of  200  g.  of  crystallized  copper  nitrate,  sulfur- 
free  or  of  known  sulfiu-  content;  50  g.  of  potassium  or  sodium  chlorate  and  distilled 
water  to  make  1000  cc. 

*  Report  of  the  Committee  on  Editing  Tentative  and  Official  Methods  of  Analysis 
of  the  Association  of  Official  Agricultural  Chemists,  1915,  p.  33. 
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high  values  for  blank  determmations  which  are  usually  obtained  when 
the  amotmt  of  baritun  sulfate  estimated  on  the  basi^  of  the  ordinary 
charge  is  relatively  small,  offer  another  serious  objection. 

The  length  of  this  process,  the  constant  care  and  attention  required 
and  the  large  quantities  of  reagents  called  for  led  the  writer  to  investi- 
gate, the  possibility  of  adapting  the  Wolf  and  Osterberg  procedure  to 
the  above  mentioned  classes  of  substances  by  simplifying  tiie  technique 
of  rendering  the  charge  soluble  and  completing  the  oxidation  with  the 
Benedict  reagent  without  loss  by  spattering  upon  ignition;  and  by  re- 
ducing to  a  minimtim  the  values  of  blank  runs  on  reagents. 

The  objection  to  the  Wolf  and  Osterberg  procedure  on  materials  which 
are  as  difficult  to  render  soluble  as  feeds  and  feces  has  been  overcome 
and  the  proposed  modified  method  has  been  in  active  use  during  the 
past  year. 

It  has  been  shown  thait  coned,  nitric  add^  alcme  with  the  Benedict 
reagent  gives  low  results,  probably  due  to  the  incomplete  oxidation  of 
all  sulfur  to  sulfate.  Wolf  and  Osterberg^  therefore  proposed  the  use  of 
fuming  nitric  add  to  complete  the  solution,  followed  by  the  Benedict  rea- 
gent^ to  finish  the  oxidation.  Twenty  cc.  of  fiuning  nitric  add  is  added  to 
the  material  in  a  300-cc.  round-bottom  Kjddahl  flask.  The  flask  is  then 
heated  over  a  small,  free  flame,  and  additional  quantities  of  add  are  added 
to  effect  complete  solution.  In  practice,  however,  the  charges  are  as  a 
rule  slowly  heated  over  the  free  flame  to  dryness  with  charring,  and 
additional  successive  portions  of  fiuning  add  added  with  heating  until 
approaching  dryness  no  longer  causes  charring.  The  process  requires 
careful  and  constant  attention. 

Our  adaptation  and  modification  of  this  tedious  and  difficult  process 
consists  in  first  softening  and  disintegrating  the  material  in  the  flask 
with  10  to  15  cc.  of  hot  watei:  and  allowing  it  to  stand  overnight  at  room 
temperature,  or  hot  water  or  steam,  the  mouth  of  the  flask  being  dosed 
with  a  small  glass  ftmnel.  After  10  hoiu^  of  digestion,  20  cc.  of  a  mixture* 
of  fuming  nitric  add  and  cone,  nitric  add  (i :  4)  is  addedj  and  the  digestion 
at  steam  temperatiu-e  is  allowed  to  proceed  continuously,  with  occasional 
shaking,  for  24  hours.^  Another  portion  of  10  or  15  cc.  of  mixed  acid 
is  then  added  and  digestion  is  continued  15  hours  longer  imtil  solution  is 
almost  complete.  Small,  resistant,  protein-like  residues  may  remain. 
When  continued  digestion  appears  to  have  no  further  effect,  the  solution 
is  transferred  in  portions  to  a  6o-cc.  evaporating  dish  on  the  steam  bath 

»  Biochem.  Z.,  9,  307  (1908). 

^Loc.cU, 

»  S.  Benedict,  /.  Bid,  Chem.,  6,  363  (1909). 

*  CoQC  nitric  add  containing  V4  its  volume  of  fuming  nitric  acid — 80  cc.  of  the 
latter  to  320  cc.  of  cone,  nitric  add.  t0\ 

*  Or  two  days  when  steam  is  off  at  night. 
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and  the  Benedict  reagent  is  added.  The  complete  solution  of  feeds  and 
feces  with  fuming  nitric  acid  is  not  attempted.  Almost  complete  solution 
is,  however,  effected  with  a  diluted  fuming  nitric  add,  and  oxidation  is 
then  completed  with  the  Benedict  reagent.  Occasionally  it  is  neces- 
sary to  add  a  third  portion  of  10  cc.  of  the  weak  fuming  add  mixture. 

This  process  does  not  require  dose  or  constant  attention.  After  evapora- 
tion to  complete  dryness,  the  residues  are  gradually  ignited.  The  blanks 
will  sputter  upon  ignition,  but  this  can  be  prevented  by  first  adding 
5  cc.  of  a  10%  sucrose  solution,  followed  by  evaporation  on  the  steam 
bath  to  complete  dryness  before  heating.  Sputtering  upon  ignition  is 
due  to  a  large  excess  of  the  Benedict  rei^ent,  in  comparison  with  tlie 
amount  of  organic  matter  present.  On  iiie  other  hand,  too  much  organic 
matter  in  proportion  will  cause  a  hard,  dry  crust  to  form  without  fusicm. 
The  approximate  proportions  are  given  later. 

The  cause  of  high  blank  determinations  was  found  to  be  due  to  sulfate 
in  the  copper  nitrate.  The  red  fuming  nitric  add  contained  none.  Various 
samples  of  copper  nitrate  were  then  tested.  One  sample  from  a  chem- 
ical manufacturer  gave  a  blank  of  0.0044  g.  barium  sulfate  per  20  cc. 
of  the  Benedict  reagent.  Almost  sitlfur-free  Benedict  reagent  was  made 
from  Kahlbaum's  cupric  oxide,  pea  size,  and  from  Kahlbaum's  cupric 
oxide  wire  rods,  **Zut  Analyse.*'^  This  suggested  that  sidfur-free  copper 
nitrate*  may  be  made  from  piu^  sheet  copper. 

The  modified  Benedict  method  as  devdoped  by  us  was  checked  by 
the  modified  offidal  peroxide  method  of  Elrieble  and  Mangum.^  The 
latter  was  first  checked  by  the  official  peroxide  method*  (see  Table  I). 

The  method  of  Elrieble  and  Mangum  was  chosen  because  with  it  re- 
sults were  more  uniform  and  the  limits  of  variation  were  narrower.  It 
allows  considerable  e:tactness  of  detail;  constant  amounts  of  sodium  car- 
bonate and  sodium  peroxide  are  weighed  6ut  for  each  determination; 
the  add  used  in  predpitation  of  the  barium  sulfate  is  1.6  to  2.1  times  the 
strength  recommended  by  Folin.*  After  predpitation  and  standing 
in  the  cold  for  two  days,  the  solutions  are  evaporated  to  dryness  on  the 
steam  bath,  and  the  residue  is  then  taken  up  with  300  cc.  of  water  ^d 
2  cc.  of  cone,  hydrochloric  add.    This  gi^es  a  granular  predpitate. 

^  They  contained  0.0009  and  0.0007  g.  BaS04,  respectively,  per  20  cc  of  Benedict 
reagent;  J.  T.  Baker  Chemical  Co.'s  cone,  nitric  add  was  used.  * 

'  Later  it  was  found  that  Baker  and  Adamson,  Kaston,  Pa.,  furnish  a  sulfate-free 
grade  of  copper  nitrate  giving  a  blank  of  0.0008  g.  BaS04  per  20  cc.  of  the  Benedict 
reagent. 

'V.  K.  Krieble  and  A.  W.  Mangum  Method,  personal  communication.  Abo 
Tms  Journal,  4i»  1317  (1919). 

*  U.  S.  Dept.  Agr.,  Bur.  of  Chem.,  Revised  Bull.  107,  23. 

*  Otto  Folin,  J.  Biochem,,  x,  147  (1906). 
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Table  I. 
Results  by  the  Official  Peroxide  and  the  Modified  Peroxide  Methods. 

BaS04.  Sulfur. 

Quantity.  Leas  Blank. i ^ » 

Sample.  G.  G.  G.  %. 

Official  Method 

Milk  1403 23.85  0.0525  0.0072  0.030 

23.90  0.0516  0.0071  0.030 

24.28  0.0465  0.0064  0.026 

24.45  0.0490  0.0067  0.028 

Av 0.028 

Modified  Method 

25.02  0.0518  0.0071  0.029 

24.90  0.0513  0.0071  0.028 

23.89  0.0469  0.0064  0.027 

Av 0.028 

Modified  Method 

1404 0,0623  0.0086  0.035 

0.0614  o,.oo84  0.035 

0.0619  p. 0085     .  0.033 

Av .  O.Q34 

Modified  Method 

1406 0.0526  0.0072  0.028 

0.0524  0.0072  0.030 

0.0500  0.0069  0.028 

Av 0.029 

The  tendency  of  the  sodium  peroxide  method  to  give  high  results  is 
shown  by  Wolf  and  Osterberg*  who,  determining  sulfur  in  50  to  100  mg. 
of  cystin,  found  26.89%  which  is  0.19^  more  than  formula  requires. 
Furthermore,  two  samples  of  feces  averaged  0.031  and  0.009%  higher 
than  by  their  modified  Benedict  method.  Schreiber'  also  noted  this 
tendency.  One  factor  causing  this  in  feeds  and  feces  may  be  silica;  this 
is  indicated  in  Table  II,  which  shows  the  eflfect  of  the  precipitation  of 
partly  dehydrated  silica. 

Removal  of  the  silica  in  feeds  and  feces  gave  results  in  percentages 
agreeing  closely  with  those  by  the  modified  Benedict  method  to  the  third 
decimal  place,  with  an  average  of  0.003%  difference  for  the  modified 
Benedict  method  (Table  III).  The  peroxide  method  without  silica  re- 
moval gave  a  difference  of  0.023%  higher.  This  relation  held  for  feeds 
(Tatde  III),  but  this  close  agreement  must  not  be  taken  as  an  indica- 
tion of  the  absolute  accuracy  of  the  method.  The  Benedict  method  checked 
with  an  average  difference  of  3.67%. 

The  tendency  of  the  peroxide  method  to  give  high  results  due  to  other 
causes  than  the  presence  of  silica  is  shown  by  Allen  and  Johnston,^  who 

1  Blank,  official  method,  0.0019  §»*;  modified  method,  0.0035  g. 

*  Wolf  and  Osterberg,  Loc.  cit, 

*  Hennan  Schreiber,  Tms  Journal,  32,  977  (1910). 

*  Allen  and  Johnston,  Ibid.,  32,  597  (1910). 
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Tablb  II. 

Comparison  of  the  Modified  Peroxide  Method  with  the  Modified  Benedict  Method, 

Both  Without  and  With  Silica  Removed. 

Mod.  peroxide  method  with 
SiOt  removed,  compared 

Mod.  peroxide  method. ■ . 

• ' »  with  the  same 

Without  With  Mod.  method  without  with  the  mod. 

SiOt  SiOs  Benedict        SiOs  removed.         Benedict  method. 

removed.  *     removed.*     method.*      • • • • » 

Sample.  %.  %.  %.         Difference.       %.         Difference.     %. 

Swine  Feces  1502 0.131        0.105        0.105        0.026       ....        0.000 

O.II2  O.IIO  O.OQ2         ... 

0.124        0.104        0.113        0.020      0.009 

O.IIO  ...  .... 

Av 0.127        0.107        O.IIO        0.020      18.7        0.003      2.8 

Feces  1503 0.126        o.iii        0.108        0.015       0.003 

0.140        0.104        o.iii        0.036       0.007 

0.132        0.108        0.105        0.024       0.003 

0.104  

Av 0.133        0.108        0.107  0.025      23.1  o.ooi      0.9 

worked  on  pure  solutions,  also  by  Wolf  and  Osterberg*  and  by  Schreiber.* 
In  the  modified  peroxide  method  the  solution  of  350  cc.  (of  oxidizing  rea- 
gent) contained  24  g.  NaCl,  which  with  a  higher  acidity  causes  a  high  occlu- 
sion as  shown  by  Allen  and  Johnston.  The  extent  of  occlusion  of  the  barium 
sulfate,  however,  is  determined  by  running  with  each  set  of  anal3rses  3  en- 
tirely similar  determinations  of  known  amounts  of  ptu-e  potassium  sulfate 
solution  approximately  equivalent  in  barium  sulfate  content  to  the  quantity 
obtained  from  the  analyses  of  ^e  organic  material  itself.  The  actual 
sulfate  content  of  an  equivalent  quantity  of  the  potassium  sulfate  solution 
is  found  by  direct  precipitation.  The  difference  obtained  between  these 
two  sets  of  results  gives  the  values  for  both  occlusion  and  the  sulfate 
in  the  reagents.  When  occlusion  is  negligible  (as  indicated  by  the 
small  quantity  of  the  barium  sulfate  obtained)  the  method  showed  that 
there  was  little  sulfate  present  in  the  reagents.  The  amount  present* 
is,  perhaps,  due  to  adsorption  and  varies  with  each  lot;  the  av^age  was 
0.0046  g.  The  modified  Benedict  method  gave  a  blank  of  o.oori  g. 
which  was  but  slightly  higher  than  that  found  for  the  determination  of 
sulfur  in  urine.  The  fuming  nitric  add  gave  a  blank  of  0.0005  g.  for  the 
usual  amotmt  taken. 

Loss  of  Barium  Sulfate  in  Filtration  and  Washing. 
Any  perceptible  precipitate  in  the  filtrate  and  wash  water  is,  of  course, 
recovered  at  once.    Our  experience  indicates,  however,  that  slight  losses 

>  Less  Blank,  0.0070  g.  BaS04. 

>  Less  Blank,  0.0006  g.  BaSOi. 
'  Less  Blank,  o.oooi  g.  BaS04. 
*  Lac.  cU. 

^  Blank  as  determined  by  Krieble  and  Mangum,  personal  communication. 
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not  readily  apparent  are  always  experienced,*  in  filtering  and  washing 
less  than  o.i  g.  of  barium  sulfate  precipitate  caused  by  passage  of  the 
finer  particles  of  precipitate  through  the  pores  of  the  filter  paper,  even 
when  paper  of  such  fine  texture  as  Whatman's  No.  44  or  S.  &  S.  590 
is  used  with  a  gravity  washing  system.  These  losses  were  very 
evident  when  the  filtrates  and  wash  water  of  an  entire  set  of  determina- 
tions — all  of  which  looked  to  be  free  from  precipitates* — ^were  combined 
and  allowed  to  stand  covered  for  2  to  3  days,  for  a  fine  precipitate  of 

Table  III. 

ComparisQii  of  the  Modified  Benedict  Method  with  the  Modified  Sodium  Peroxide 

Method,  with  Silica  Removed. 

BaS04. 

Quantity.  Peroxide  Comparison  of 

• .  method*  %  sulfur.  Benedict  and 

Peroxide    Benedict  without  Benedict      ' • ^  peroxide  method. 

Material  and     method,     method.  silica.  method.*      Peroxid^  Benedict   • ■ ■ > 

sam^e  No.  G.  G.  G.  av.        O.  av.  method,    method.    Di£Ference.      %. 

Ground  Corn 

1517 2.7476    2.7476        0.0245    0.0257        0.123    0.129     +0.006      4.9 

Linseed    Oil 
Meal 
1518 2.7476    2.7476        0.0802    0.0833        0.401    0.417        0.016      4.0 

Wheat  Midd- 
lings 
1519 2.7476    2.7476        00389    0.0403        0.195    0.202  0.007      3.6 

General  Av o.oio      4.  i 

Feces 
(Swine) 

1502 4.99        3.43  0.0388*^  0.0274*      0.107    o.iio        0.003      2.7 

1503 3.47        3.44  0.0273    0.0268        0.108    0.107    — o.ooi  — 0.9 

1504 4.03        3.45  0.0299    0.0269        0.102    0.107        0.005      4.9 

1505 4.07        3.97  0.0301    0.2096        0.102    0.102        0.000      0.0 

1506 4.14        3.10  0.0330    0.0230        O.IIO    0.102    — 0.008 — 7.3 

1507 3.74        3.57  0.0309^  0.0302'      0.114    0.116        0.002       1.8 

1508 4.18        3.23  0.0344    0.0264        0.113    0.112    -^.001  — 0.9 

1509 3.52        3.35  0.0282    0.0247        O.IIO    o.ioi    — 0.009 — 8.2 

1510 4.28        3.45  0.0321    0.0261        0.104    0.104        0.000      0.0 

1511 3.58        3-51  0.0262    0.0271        O.IOI     0.106     +0.005  +5.0 

General  Av.. ...         ...  0.003      3.17 

>  Excluding  dttst,  etc.,  this  recovery  from  a  large  ntmiber  of  determinations  averaged 

oxx>i2  g.  per  determination.    A  number  of  more  recent  results  by  E.  B.  Wells,  using 

moce  care  and  precautions,  reduced  this  to  0.0003  Z-  P^  determination. 

'  The  combined  filtrates  and  wash  water  held  up  to  the  direct  sunlight  showed 

very  fine  particles  held  in  suspension. 

*  G.  BaS04  average  of  3  determinations,  less  blank,  0.0040  g.  per  determination. 

*  Plus  loss  in  filtrate  exceeding  blank,  0.0006  g.  per  determination. 

*  Samples  1502-1506  inclusive,  less  blank,  0.0006  g.  per  determination. 

*  Samples  1502,  1503,  less  blank,  o.oooi  g.;  Samples  1503-6,  less  blank,  0.0008  g.; 
,Qa««pU»g  1502-1506  inclusive,  g.  BaS04  average  of  4  determinations. 

'  Plus  loss  in  filtrate  exceeding  blanks  aooi3  g.  per  determination. 

*  Less  blank,  0.0018  g. 
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barium  sulfate  settled  out.  The  supernatant  liquid  was  siphoned  off, 
the  precipitate  filtered  and  washed,  and  weighed. 

The  usual  laboratory  practice  is  to  discard  filtrates  and  wash  water 
immediately.  Recovery  of  additional  precipitate  as  indicated  above 
shows  that  the  loss  may  be  greater  than  is  here  determined,  unless  unusual 
care  is  taken  to  reduce  this  loss  to  a  minimum  by  slow  filtering  and  gentle 
washing.  Furthermore,  allowing  the  precipitated  sulfate  to  stand  at 
room  temperature  for  two  da3rs,^  appears  to  aid  filtration  by  permitting 
the  particles  to  grow.  The  formation  of  a  granular  barium  sulfate  pre- 
cipitate is  also  assisted  by  adding  the  barium  chloride  hot  to  the  boiling 
sulfate  solution,  slowly  or  by  drops.  The  precipitated  solutions  are 
then  heated  on  the  steam  bath  for  3  hours  after  which  they  are  allowed 
to  stand  in  the  cold  for  two  days.  Neglect  of  this  precaution  wiU  render 
filtration  difficult.        * 

AUen  and  Johnston*  have  shown,  contrary  to  the  statements  of  some 
chemists,  that  the  presence  of  potassium  chloride  does  not  increase  the 
solubility  of  barium  sulfate.  In  the  modified  Benedict  method,  however^ 
approximately   i   g.  of  potassium  chloride  is  used  per  determination. 

Tablb  IV. 

Uniformity  of  Results  for  Swine  Feces  Shown  by  the  Modified  Benedict  Method. 

Quantity.  BaS04  less  blank.' 

Sample  No.  G.  O.  %. 

1512 2.94  0.0263  0.123 

3.20  0.0281  O.I2I 

3.73  0.0324  O.H9 

Av ....  O.I2I 

1513 2.89  0.0258  0.123 

3.04  0.0285  0.129 

3.37  0.0313  0.128 

Av 0.127 

1514 4-8i  0.0325  0.093 

4.58  0.0310  0.093 

4.52  0.031S  0.095 

Av 0.094 

I5I5 4H4  0.0355  0.II8 

3.08  '     0.0256  0.II4 

3.97  0.0336  0.II6 

Av 0.116 

1516 2.86  0.0241  0.116 

4.28  0.0364  0.117 

2.79  0.0238  0.117 

Av ....  0.117 

^  Allen  and  Johnston  recommend  18  hours.    They  state  that  losses  from  volatility 
and  occlusion  are  higher  when  the  precipitate  is  filtered  immediately. 

*  This  Journai*,  32,  606  (1910). 

*  Plus  loss  in  filtrate  exceeding  blank  by  0.00 11  g.  per  determination. 
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On  the  other  hand,  the  official  peroxide  method  uses  4  or  more  g.  of  sodium 
chloride  per  100  cc.  of  solution,  while  the  modified  peroxide  method  con- 
tained about  13.7  g.  per  100  cc. 

Comparison  of  results  obtained  by  the  modified  Benedict  method 
with  those  by  the  modified  peroxide  method,  shows  that  complete  solu- 
tion of  feeds  and  feces  is  not  necessary,  provided  that  enough  Benedict 
reagent  is  present  to  asstu^  complete  oxidation.  It  is,  however,  desirable 
to  have  as  complete  solution  as  possible.  Table  III  gives  the  average 
results  by  the  modified  Benedict  method  of  triplicate  determinations 
obtained  on  feeds  and  feces  in  comparison  with  those  by  the  peroxide 
method  when,  silica  is  removed.  The  percentages  varied  in  the  third 
decimal  place  for  the  modified  Benedict  method,  while  in  the  modified 
peroxide  method  a  number  of  results  varied  in  the  second  place. 

Table  IV  shows  the  consistency  of  results  obtained  by  the  iMx>posed 
method.  In  the  hands-of  another  chemist  in  this  latxxatory,  the  method 
has  given  as  uniform  results  as  are  here  indicated,  but  with  lower  blanks 
on  reagents  and  less  loss  in  the  filtrate. 

The  Modified  Benedict  Method. 

About  3.44  g.  of  feces,  or  2.7476  g.  of  feeds*  is  weighed  out  by  difference, 
placed  on  half  a  filter  paper,  rolled  up,  and  is  then  put  into  a  300  cc. 
Kjeldahl  fiask.  Ten  to  15  cc.  of  hot  water  is  added,  the  flask  rotated 
occasionally  (preferably  in  the  steam  bath)  to  allow  any  hard  lumps  to 
disintegrate  and  20  cc.  of  a  mixttu'e  of  fuming  and  concentrated  nitric 
adds  (i  :  4)  is  added.  The  flask  is  stoppered  with  a  small  funnel  and 
aUowed  to  stand  for  half  a  day.  -  It  is  then  placed  in  the  steam  bath  and 
allowed  to  digest  slowly  for  about  4  days  with  occasional  rotation.  At 
the  end  of  that  time  another  10  cc.  of  the  acid  mixture  is  added.  Di- 
gestion is  continued  until  the  solution  is  dear,^  when  it  is  transferred  in 
portions  to  a  6o-cc.  evaporating  dish  and  treated  with  20  cc.  of  the 
Benedict  reagent'  during  evaporation  to  thorough  dryness  on  the  steam 
bath. 

Blanks  should  be  nm  on  the  reagents.  To  prevent  spattering  in  heat- 
ing the  blanks,  add  5  cc.  of  a  10%  sucrose  solution  and  evaporate  to 
thorough  dryness  before  ignition.  The  blanks  are  given  the  same  treat- 
ment as  outUned  above.    They  should  be  low  in  barium  sulfate  content. 

1  With  this  quantity  the  g.  of  barium  sulfate  multiplied  by  5  gives  the  per  cent,  of 
sulfur  direct. 

*  More  resistant  residues  in  feces  and  feeds  may  remain;  these  will  not  interfere 
.if  not  present  in  too  great  quantity.  Small  quantities  of  resistant  residues  will  be 
taken  care  of  by  the  Benedict  reagent. 

'Kahlbaum's  crystallized  cc^per  nitrate  was  used  of  which  the  stilfur  content 
was  smalL  Baker  and  Adamson's  oystaUized  copper  nitrate  was  found  equally  low 
in  sulfate. 
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Procedure  in  the  Benedict  Metliod. 

The  partly  oxidized  material  m  the  porcelain  dish  is  evaporated  to 
dryness^  on  the  steam  bath  and  later  baked  slowly  on  a  gas  hot-plate* 
or  sand  bath.  The  blackened  residue  is  finally  heated  until  the  mass 
has  fused,  The  heat  is  then  gradually  lowered,  allowing  the  fused  mass 
to  solidify  slowly.  The  dish  when  cooled  is  V»  filled  with  approximately 
20  cc.  of  hot  dil.  hydrochloric  acid  (1:4)  from  a  wash  bottle,  and  the 
sides  carefully  washed  down.  The  dish  is  then  covered  with  a  watch 
glass  and  set  on  the  steam  bath  for  15  minutes. 

The  perfectly  clear  solution  is  then  filtered  into  a  250-cc.  beaker,  made 
up  to  a  volume  of  at  least  100  cc.,  heated  to  boiling  on  a  hot-plate,  and 
ID  cc.  of  a  boiling  5%  baritmi  chloride  solution  added  drop  by  drop  from 
a  calcium  chloride  tube,  the  addition  consuming  about  4  minutes.  The 
covered  solution  is  then  placed  on  the  steam  bath  and  allowed  to  digest 
for  2  to  3  hours,  after  which  it  is  allowed  to  stand  in  the  cold  for  at  least 
48  hours,  thereby  producing  a  granular  precipitate  which  is  readily  filtered 
on  No.  590  S.  &  S.  or  No.  44  Whatman's  filter  paper. 

By  the  removal  of  silica'  in  the  sodium  peroxide  method,  this  substance 
was  prevented  from  interfering  with  the  acciu-acy  of  the  results.  In 
the  Benedict  method  no  flocculent  siUca  has  been  observed  in  the  solu- 
tion after  the  barium  sulfate  has  settled.  As  this  solution  is  not  made 
strongly  alkaline  or  add,  one  would  not  expect  silicic  add  to  be  even 
partly  dehydrated  or  predpitated  out. 

Advantage  of  the  Modified  Benedict  Method. 

For  feeds  and  feces,  results  are  more  imiform*  than  by  other  methods 
and  the  blanks  on  reagents  are  consistently  low.  Occlusion  and  adsorp- 
tion appear  to  be  less.  There  is  a  complete  absence  of  partly  dehydrated 
silidc  add  in  the  solution  after  dissolving  the  fused  mass  in  dilute  hydro- 
chloric add  such  as  is  frequently  observed  in  the  peroxide  method. 

^  Evaporation  to  thorough  dryness  on  the  steam  bath  prevents  spattering  later, 
on  the  hot-plate.  Beginning  ignition  of  feces  on  the  hot-plate  shotild  be  gradual.  Too 
much  Benedict  reagent  will  cause  spattering;  too  little  is  indicated,  upon  ignition,  by 
a  hard,  dry  crust.  Too  long  intense  ignition  with  a  large  excess  of  the  Benedict  reagent 
will  cause  excessive  etching  of  the  evaporating  dishes. 

^  In  the  baking  and  ignition  processes  by  this  method  no  evidence  of  sulfur  con- 
tamination was  obtained  when  natural  gas  was  used.  With  coal  or  water  gas,  however, 
the  sulfur  contamination  would  be  serious  unless  first  removed  by  passing  the  gas  through 
an  absorbing  solution. 

'  Whether  any  silica  comes  from  the  glass  container  by  the  action  of  the  strong 
sodium  hydroxide  solution  has  not  been  determined.  Occasional  silica  in  the  blanks 
tends  to  indicate  that  this  may  be  one  source. 

*  Hie  limits  of  variation  for  results  on  10  samples  of  feces  by  the  peroxide  method 
average  1.65  times  greater  than  for  the  modified  Benedict  method  (Table  III).  This 
relation  also  h<^d8  for  feeds. 
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Conclusion. 

When  silica  is  present  the  peroxide  method  has  a  tendency  to  give 
high  results.  With  removal  of  the  flocculent  silica  which  partly  precipi- 
tated out,  results  checked  the  Benedict  method  in  percentage  to  the  third 
decimal  place.  Previously  the  peroxide  method  Checked  to  the  second 
decimal  place. 

The  technique  of  the  modified  Benedict  method  has  been  adapted  to 
fadUtate  the  estimation  of  sulfur  in  feeds  and  feces  without  requiring  un- 
due attention  and  care.  The  method  of  solution  of  the  sample  by  the 
Benedict  method  gives  results  which  check  the  peroxide  method  when 
siUca  is  removed,  within  an  average  of  3.17  and  4.17%,  respectively,  for 
feces  and  feeds. 

The  source  of  a  high  value  for  the  blank  determination  due  to  sulfate 
present  in  the  reagents  and  the  need  of  procuring  reagents  of  sufficient 
purity  for  the  Benedict  method  have  been  pointed  out.  Not  undue 
quantities  of  reagents  are  required  for  the  small  amounts  of  barium  sul- 
fate recovered.  The  modified  method  is  short;  the  processes  are  few  and 
require  little  attention. 

The  writer  acknowledges  his  obUgation  to  Dr.  V.  K.  Krieble  and  A.  W. 
Mangum  for  advice  given  in  the  use  of  their  modified  sod  um  peroxide 
method. 

W008TSK,  Ohio. 
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In  a  previous  article,^  Tolman  and  Steam  have  studied  the  swelling 
of  fibrin  in  add  solutions,  and  correlated  the  swelling  with  the  amount 
of  add  adsorbed  from  the  solution.  On  the  basis  of  theil"  results,  they 
advanced  the  theory  that  a  piece  of  fibrin  covered  with  water  is  a  fibrous, 
spongelike  structture  with  many  minute  pores  or  pockets  which  are  them- 
sdves  full  of  water.  The  addition  of  add  is  followed  by  the  adsorption 
of  hydrogen  ions  to  form  a  double  layer  on  the  surface;  of  these  pockets 
with  a  consequent  increase  in  their  size  owing  to  electrostatic  repulsion. 
.The  addition  of  a  neutral  salt  to  the  solution,  or  the  addition  of  further 
add  after  the  limit  of  adsorption  has  been  reached,  is  followed  by  a  de- 
crease in  swelling,  since  further  ions  added  arrange  themsdves,  in  accord- 
ance with  well  knowu  dectrical  prindples,  in  such  a  way  as  to  neutralize 
the  original  electrostatic  repulsion.  The  addition  of  a  neutral  salt  to 
the  solution  also  leads  to  further  adsorption  of  add  owing  to  the  fact 
that  the  neutralization  of  the  electrostatic  forces  makes  it  easier  for 
fiuiher  hydrogen  ions  to  attach  themselves  to  the  walls  of  the  pockets, 
1  This  Journal,  40,  264  (i9i8}* 
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In  the  present  article  similar  experiments  are  described  which  were 
made  with  fibrin  in  alkaline  solutions;  these  have  led  to  similar  conclu- 
sions as  to  the  molecular  mechanism  of  the  swelling  produced  by  alkalies. 
Owing  to  the  amphoteric  nattu'e  of  its  amino  adds,  fibrin  has  a  tendency 
to  adsorb  hydroxide*  ion  from  an  alkaline  solution,  just  as  it  ads(»1>s 
hydrogen  ion  from  an  add  solution,  and  hence  all  the  phenomena  pro- 
duced by  adds  can  be  duplicated  with  alkalies.  The  artide  presents 
data  on  the  swelling  and  adsorption  in  solutions  of  sodium,  potassium 
and  ammonium  hydroxides,  in  mixtiures  of  sodiiun  hydroxide  with  potas- 
sium chloride  and  potassitmi  sulfate,  in  sugar  and  rafi^ose  solutions, 
and  in  acetic  add.  The  work  with  the  sugar  and  rafi^ose  solutions 
was  performed  in  order  to  get  an  idea  as  to  the  adsorption  of  water  itself. 
The  results  with  acetic  add  are  presented  since  they  differ  from  those 
reported  by  Tolman  and  Steam. 

Experimental  Methods. 

In  order  that  the  results  of  this  work  should  be  comparable  with  those 
in  add  solutions,  the  procediu-e  previously  used*  was  duplicated  as  nearly 
as  possible,  with  a  few  improvements. 

Materials. — ^The  blood  fibrin*  was  purified  by  treatment  with  o.i  N 
hydrochloric  add  and  subsequent  removal  of  the  add  by  continuous 
washing  with  distilled  water;  it  was  then  dried  in  a  current  of  warm 
air.  Samples  of  blood  fibrin  vary  as  to  toughness  and  resistance  to 
grinding,  and  a  sample  having  maximum  toughness  was  chosen.  Fibrin 
which  does  not  show  this  property  markedly  swells  so  readily  that  no 
supernatant  solutions  remain  for  sampling. 

The  saccharose  was  the  ordinary  cane  sugar  of  commerce.  The  raffin- 
ose  was  an  imported  sample.  The  alkaUes  and  salts  were  ordinary 
**C.  P."  reagents. 

'  Measurement  of  Swelling  and  Adsorption. 

The  swelling  of  the  fibrin  was  measured  in  special  flat  bottomed  test- 
tubes  using  a  0.3  g.  sample  of  the  powdered  fibrin  and  15  cc.  of  the 
desired  solution.  This  ratio  of  materials  is  the  same  as  that  used  in  the 
adsorption  meastu'ements. 

The  adsorption  experiments  were  carried  out  in  250  cc.  ground  glass-stop- 
pered bottles,  using  2  g.  of  powdered  fibrin  and  100  cc.  of  solution.  After 
standing  24  hours,  with  occasional  shaking,  the  supernatant  liquid  was 
drawn  off  and  the  alkali  titrated  with  standard  add.  If  on  standing 
the  protein  went  into  solution;  a^-was  the  tendency  in  the  solutions  of 
alkali  of  higher  concentration,  the  supernatant  liquid  was  drawn  off 
without  shaking.  The  number  of  mols  of  alkali.  A,  adsorbed  per  g.  of 
fibrin  was  calculated  by  the  formula 
*  Loc,  cit. 
'Merck's. 
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where  Co  is  the  origmal  concentration  in  mols  per  liter,  C  the  final 
concentration  after  the  adsorption  has  taken  place,  V  the  volume  in 
liters  of  the  solution  employed,  and  W  the  weight  of  the  fibrin  in  grams. 
In  the  determinations  of  negative  adsorption  (adsorption  of  water) 
using  sugar  solutions,  a  small  amount  of  phenol  was  added  to  the  solu- 
tion to  prevent  bacterial  decomposition.  The  sugar  concentrations  were 
measured  with  a  Lippich  Large  Universal  Polariscope.  The  percentage 
of  sugar  may  be  obtained  from  the  polariscope  readings  by  the  well  known 
formula 

P  =  ^QQ^ 

where  a  is  the  rotation,  d  the  density,  a©  the  specific  rotation  and  /  the 
length  of  tube.  The  number  of  mols  of  water.  A'  adsorbed  per  g.  of 
fibrin  can  then  evidently  be  calculated  by  the  formula 

iSPtW  iSottW 

where  M  is  the  weight  in  g.  of  the  solution.  Pi  the  original  concentration, 
Ps  the  final  concentration  of  the  sugar,  W  the  weight  of  fibrin  in  g.,  and 
oi  and  at  the  original  and  final  rotations. 

Experimental  Results  and  Discussion. 

Acids. — ^There  is  a  well  known  lack  of  exact  reproducibility  in  experi- 
mental results  obtained  with  colloids,  owing  largely  to  the  great  effect 
which  the  past  history  of  a  colloidal  material  has  upon  its  immediate 
behavior.  For  this  reason  it  seemed  desirable  as  a  preliminary  to  this 
work  to  check  some  of  the  results  of  Tolman  and  Steam,^  using  the  new 
sample  of  fibrin.  Swelling  and  adsorption  data  for  the  new  sample  of 
fibrin  were  obtained  in  solutions  of  hydrochloric  add  and  nitric  add. 
The  curves  obtained  were  of  the  same  form  as  those  reported  by  Tolman 
and  Steam,  the  adsorption  being  somewhat  higher  and  the  swelling  a 
little  less. 

With  acetic  add,  a  maximum  adsorption  of  about  0.00095  mol  was 
found  at  a  concentration  of  about  i.o  AT*  This  differs  fr<nn  the  result 
previously  reported  in  which  no  maximum  was  found;  this  divergence 
may  be  due  to  the  great  difficulty  of  obtaining  reprodudble  results  in 
this  kind  of  work.  It  is  fdt,  however,  that  the  new  result  is  more  reU- 
able,  particularly  because  of  the  use  of  glass-stoppered  bottles  in  carry- 
ing out  adsorption  experiments  instead  of  finger  bowls  covered  with 
watch  glasses.  The  new  curves  for  swelling  and  adsorption  are  given 
>  Loc  cU. 
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in  Fig.  I,  concentrations  being  plotted  as  abscissas  and  swellings  or  ad- 
sorptions per  g.  of  fibrin  as  ordinates. 


Strong  Alkalies. — ^The  upper  two  curves  in  Fig.  2  show  the  swelling 
of  fibrin  over  a  range  of  concentration  in  solutions  of  sodium  and  potas- 
sium hydroxides.  It  is  to  be  noted  that  the  swelling  reaches  a  maximum 
at  a  very  low  concentration  and  with  fiuther  increase  of  concentration 
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there  is  a  reduction  in  swelling.  The  two  lower  curves  represent  the 
ad3orption  of  alkali  over  the  same  range  of  concentrations.  These  are 
similar  to  the  adsorption  and  swelling  curves  obtained  in  strong  adds 
and  may  be  similarly  explained.  Increasing  the  concentration  of  the 
alkaU,  beyond  that  at  which  those  points  on  the  protein  molecule  having 
the  greatest  affinity  for  the  hydroxyl  ions  are  satisfied,  does  not  ^ult 
in  further  adsorption  but  only  increases  the  ionic  concentration  of  the 
solution.  As  long  as  the  number  of  hydroxyl  ions  adsorbed  increases, 
the  electrostatic  forces  produced  by  the  adsorbed  layer  increase.  Hence 
swelling  increases  as  long  as  adsorption  continues.  When  the  maximum 
adsorption  is  reached,  the  further  ions  added  arrange  themselves  in 
such  a  way  as  to  neutralize  the  electrostatic  forces,  and  subsequent  re- 
duction of  swelling  takes  place. 

Weak  Alkalies. — ^The  upper  curve  in  Fig.  3  shows  the  swelling  of  fibrin 
in  ammonium  hydroxide  up  to  0.8  N.  We  note  that  the  swelling  grad- 
ually increases  without  reaching  a  maximum.    This  curve  coincides  with 
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Fig.  3. 


the  swelling  curves  for  weak  adds.  On  the  basis  of  the  theory  this  is 
again  explained  by  the  fact  that  with  the  weak  dectrolyte  there  are 
few  ions  available  for  neutralizing  the  dectrostatic  field. 

The  lower  curve  represents  the  adsorption  of  ammonium  hydroxide  by 
the  fibrin.     It  is  not  known  whether  the  wide  deviation  of  some  of  the 
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points  from  the  curve  drawn  has  any  significance  or  is  merely  an  illus- 
tration of  the  difficulty  of  obtaining  reproducible  results  in  this  kind  erf 
work.  A  further  set  of  experiments  with  ammonia  would  have  been 
made,  except  for  lack  of  time  and  for  the  exhaustion  of  the  particular 
sanyle  of  fibrin  in  question.  It  may  be  noted  that  this  irregularity 
occurs  with  a  weak  alkali  and  that  a  lack  of  reproducibility  in  the  results 
obtained  in  diflferent  experiments  with  a  weak  add  (acetic)  has  already 
been  noted.  It  is  fdt  that  the  continued  swelling  which  is  obtained  with 
weak  adds  and  weak  alkalies  may  cause  a  breaking  down  of  the  fibrin 
structure  which  accotmts  for  the  variable  results. 

Mixed  Alkalies  and  Salts. — ^The  effect  of  additions  of  potassium  chlor- 
ide and  potassium  sulfate  in  reducing  the  swelling  of  fibrin  in  approxi- 
matdy  0.0145  ^  sodium  hydroxide  solution  is  shown  in  the  upper  two 
curves  of  Fig.  4.    We  see  that  the  addition  of  a  neutral  salt  produces 
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the  same  effect  in  lowering  the  amount  of  swdling,  as  increasing  the 
concentration  of  the  alkali  itself  beyond  the  saturation  point.  Hiis  agrees 
with  the  results  obtained  in  add  solutions.  In  any  case  the  controlling 
factor  is  the  concentration  of  the  free  ions  which  so  arrange  themselves 
as  to  neutralize  the  original  dectrostatic  repulsion.  It  is  of  particular 
interest  to  note  that  mol  for  mol,  potassium  sulfate  is  more  effective  in 
r^udng  the  swelling  than  potassium  chloride.  This  is  to  be  expected 
because  of  the  greater  dectrical  neutralizing  power  of  a  mol  of  the  sulfate 
over  a  mol  of  the  chloride. 
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The  effect  of  the  neutral  salts  on  the  adsorption  of  hydroxyl  ions  is 
also  to  be  noted  in  the  lower  two  curves  of  Pig.  4.  With  solutions  0.0145 
N  with  respect  to  sodium  hydroxide  the  effect  of  the  salt  up  to  a  certain 
concentraticMi  is  to  force  the  ads<Mrption.  This  phenomenon,  which  was 
also  observed  in  add  solutions,  lends  additional  support  to  our  theory 
that  an  electrostatic  field  is  set  up  by  the  adsorption  of  the  hydrogen 
or  hydroxyl  ions.  Such  a  field  would  tend  to  prevent  the  further 
adsorption  of  ions,  and  if  the  ions  of  the  neutral  salt  tend  to  neutralize 
this  electric  field,  further  adsorption  will  restdt.  Here  again  the 
potassium  chloride  curve  lags  behind  the  potassium  sulfate  curve. 
This  result  is  also  obviously  in  accordance  with  our  theory.  This  effect 
of  the  neutral  salt  is  also  shown  in  the  curves  of  Fig.  5  which  are  similar 
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to  the  curves  of  Fig.  4  except  that  the  concentration  of  sodium  hydroxide 
is  0.134  N.  We  see  that  the  adsorption  is  forced  even  beyond  the  max- 
imum for  the  higher  concentrations  of  pure  strong  alkali. 

Sugar  Solutioiis. — ^Tolman  and  Steam^  found  that  with  fibrin  in  sodium 
chloride  solutions  there  was  an  increase  in  concentration  after  24  hours, 
indicating^  that  there  is  at  least  more  of  a  tendency  to  adsorb  water  than 
sodium  chloride.  In  order  to  try  to  determine  the  amotmt  of  water 
actually  adsorbed,  cane  sugar  was  used  as  a  reference  substance;  from 
the  measured  change  of  concentration  the  amotmt  of  water  adsorbed  was 
calculated.  It  is  to  be  noted  first  in  the  upper  curve  of  Fig.  6  that  the 
'  Loc,  cit. 
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sugar  solution  had  no  effect  on  the  swelling  of  the  fibrin.  In  the  lower 
curve  where  the  abscissas  give  the  concentration  in  mols  per  liter  of  sac- 
charose and  the  ordinates  the  mols  of  water  adsorbed  per  gram  of  fibrin, 
the  adsorption  value  is  noted  to  have  nearly  a  constant  value  of  about 
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0.0 1,  a  value  about  10  times  the  molal  adsorption  of  add  cm*  alkali  per 
g.  fibrin.  A  small  sample  of  raffinose  was  available  and  used  for  a  single 
measurement  at  a  molal  concentration  of  0.225;  with  this  reference  sub- 
stance a  value  of  0.02  mol  of  water  adsorbed  per  g.  of  fibrin  was  obtained. 
The  evidence  indicates  that  the  phent)mena  is,  as  would  be  expected, 
merely  a  matter  of  the  relative  adsorption  of  water  and  the  sugars  and 
the  results  can  have  no  absolute  significance.  In  view  of  the  adsorp- 
tion of  water  in  sugar  solutions  we  should  expect  water  also  to  be  adsorbed 
in  acid  and  alkali  solutions.  Assuming  the  amotmt  of  water  adsorbed 
to  be  the  same  as  in  the  cane  sugar  solution,  a  simple  calculation  shows 
that  the  amotmt  of  water  would  not  affect  the  concentration  of  our  adds 
or  alkalies  appredably. 

Condusions. 

(i)  The  behavior  of  fibrin  in  solutions  of  strong  alkalies  and  of  am- 
monia, and  the  behavior  on  the  addition  of  neutral  salts,  is  similar  to 
the  behavior  in  solutions  of  strong  adds,  and  can  be  explained  by  the 
theory  originally  advanced  by  Tolman  and  Steam. 

(2)  Fibrin  adsorbs  water  from  solutions  of  non-dectrolytes. 

The  work  described  in  this  artide  was  performed  in  the  chemical  labora- 
tory of  the  University  of  Illinois. 

WASBOfOToir,  D.  C.,  and  Cbzq4oo,  Juu, 
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THE  MOLECULAR  MECHANISM  OF  COLLOmAL  BEHAVIOR, 
m.  THE  CHEMICAL  NATURE  OF  THE  ADSORPTION  ' 
OF  ACIDS  AND  ALKALIES  BT  THE 
PROTEIN  MOLECULE. 

By  Russmx  S.  Bracbwbli*. 

Received  Auguet  1.  1919. 

In  two  previous  artides^  the  behavior  of  blood  fibrin  in  adds  and 
alkalies  has  been  studied,  and  a  corrdation  between  the  swelling  of  the 
fibrin  and  the  adsorption  of  add  and  alkali  shown.  The  purpose  of  the 
present  artide  is  to  discuss  the  nature  of  this  adsOTption  process.* 

The  older  theories  of  adsorption  assumed  that  the  phenomenon  was 
produced  by  the  acticm  of  "phjrsical  forces"  having  somewhat  the  general 
character  of  gravitational  attraction.  Our  newer  ideas  of  adsorption,' 
however,  consider  the  attraction  to  be  more  chemical  in  its  nature,  arising 
from  stray  fields  of  "chemical  force*'  around  atoms  whose  chemical  affinity 
has  not  been  completdy  satisfied.  On  the  basis  of  these  newer  ideas, 
we  should  predict,  from  the  amphoteric  cheqiical  nattu-e  of  the  protein 
molecule,  that  it  wotdd  adsorb  dther  hydrogen  ion  or  hydroxide  ion, 
according  as  to  whether  the  solution  is  add  or  alkaline,  and  these  are  f  otmd 
to  be  the  experimental  facts,  as  was  shown,  for  example,  in  the  two  pre- 
vious artides  ahead}»  mentioned.  The  work  dted,  moreover,  showed 
not  only  an  adsorption  of  both  adds  and  alkaUes,  but  also,  at  least  with 
the  strong  adds  and  alkaUes,  that  there  is  a  fairly  definite  maximum 
number  of  equivalents  of  add  or  base  adsorbed  by  the  fibrin,  which  is 
not  markedly  increased  even  by  greatly  increasing  the  concentration  of 
the  supernatant  solution.  This  affords  additional  support  to  the  idea 
that  the  adsorption  process  is  dependent  upon  chemical  factors  and 
indicates  that  there  may  be  a  Umited  number  of  positions  on  the  protein 
molecule  where  hydrogen  ions  or  hydroxide  ions  tend  to  attach  them- 
sdves,  and  that  after  these  positions  have  been  saturated,  the  protein 
molecule  Tias  become  electrically  charged  to  such  a  degree  that  further 
"indiscriminate"*  adsorption  does  not  take  place. 

As  a  matter  of  fact  it  appears  that  the  amoimt  of  add  "neutralized" 
by  a  considerable  number  of  proteins  is  determined  by  the  number  of 
free  amino  groups  in  the  molecule.  This  conclusion  differs  from  that 
reached  by  Robertson*  who,  however,  based  his  figures  for  the  number 

'Tcdmaii  and  Stearn,  Tms  Journal,  40,  264  (191 8);  Tolman  and  Bracewell. 
Ibid.,  41,  1503  (1919)- 

«  Since  writing  this  article  the  author  has  noted  the  statement  by  Harkins,  Davies, 
and  Clark  (This  Journal,  39,  541  (1917))  that  the  necessary  condition  for  an  adsorp- 
tioii  of  the  kind  discussed  in  the  present  paper  is  probably  determined  by  the  polar 
ggaaps  in  the  molecule. 

»  Langmuir,  This  Journal,  40,  1361  (1918). 

*  "The  Phjrsical  Chemistry  of  the  Proteins,"  Longmans  Green  &  Co.,  1918,  p.  20. 
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of  free  amino  groups  solely  upon  the  criterion  that  such  groups  give 
nitrogen  with  nitrous  add,  who'eas  the  work  of  Kossel  anfl  Cameron^ 
indicates  that  in  the  case  of  arginine  the  amino  group  in  the  guanidine 
nucleus  must  be  regarded  as  free  in  spite  of  the  fact  that  it  does  not  react 
with  nitrous  add.  As  to  the  neutralizing  power  of  proteins  for  alkalies, 
no  definite  relation  has  been  fotmd  between  the  amptrnt  of  base  fixed 
and  the  structure  of  the  protein  molecule.  This  is  in  agreement  with 
the  condusions  of  Osborne,  LeavenwcHlh  and  Brautlecht^  and  of  Os- 
borne and  Van  Slyke'  that,  even  in  the  case  of  the  dicarboxylic  adds, 
glutamic  and  aspartic,  there  are  no  free  COOH  groups  but  that  these 
are  botmd  by  the  free  ammonia  which  i$  always  obtained  on  the  hydrol- 
ysis of  proteins  containing  these  adds.  We  may  condude  that  the 
adsorption  of  hydroxide  ion  by  proteins  will  be  of  a  less  specific  character 

Experimental  Data. 
The  following  table  compares  data  on  the  composition  of  the  more 
common  proteins  whose  amino  add  content  has  been  determined  by  the 
Van  Slyke  group  method*  with  a  fair  degree  of  accuracy,  with  data  on 
the  maximum  adsorption  of  add  by  these  proteins. 

TABI.B  I. 

FreeMHfl  Add 

groups  calculated    adsorbed 
p*  g.  of  pro-  per  g. 

Total  N.  %  total  N        %  total  N         tein.  Bquiva-      of  protein. 

Protein.  %.  as  lysine.       as  arginine.         lentsX10«.     Equtv.  X 10*. 

Pibrin 16.91  1 1. 51  13.86  108  96 

Gelatin  17. 97  6.32  14. 70  85  70 

Casein 17. 78  10.30  7.41  79  60 

Gliaden 1750  0.75  5.71  23  28 

Edestin 18.65  3-86  27.05  115  127 

The  figures  for  total  nitrogen  in  these  proteins  are  taken  from  the  work 
of  Van  Slyke,®  for  the  percentages  of  this  nitrogen  combined  as  lysine 
and  arginine  in  casein  from  Van  Slyke,*  and  for  the  other  proteins  firom 
the  work  of  Matthews.^  The  adsorption  data  on  fibrin,  gdatin;  gliadin 
and  casein  were  obtained  by  titrimetric  methods,  with  i^enolphthalein 
as  indicator,  using  hydrochloric  add  over  the  protein  as  described  in  a 
previous  artide.*  The  fibrin  was  also  therein  described.  The  gelatin 
was  the  commerdal  high  grade  slab  gelatin.  The  casein  and  gliadin 
were  prepared  by  graduate  students  in  the  I<aboratory  of  Physicdogical 

»  Z,  physiol.  Chem.,  76,  457  (1912). 
^  Am.  J.  Physiol.,  23,  180  (1908-9). 
«  /.  Bid.  Chem.,  22,  259  (1915)- 
*Ibid.,  10,  15  (1911-12). 

*  Loc.  cit. 

•  /.  Biol.  Chem.,  16,  538  (1915). 

'  "Physiological  Chemistry,"  William  Wood  &  Co.,  1916.  * 

>  Tolman-Bracewell,  Loc.  cU. 
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Chemistry  of  the  University  of  Illinois.  The  add  adsorption  data  for 
edestin  are  taken  from  Robertson.^  The  adsorption  figures,  in  view  of 
the  micertainty  of  reproducing  colloidal  phenomena  and  of  the  method 
of  measurement,  which  involves  determining  a  small  change  in  concen- 
tration by  difference,  are  probably  subject  to  an  error  of  something  less 
than  10%.  Data  by  the  Van  Slyke  group  method  indicates  that  this 
method  gives  results  with  an  error  of  about  5%. 

In  these  five  proteins,  lysine  and  arginine  are  the  only  adds  with  free 
amino  groups,  and  hence  we  need  only  consider  these  two  adds  in  cal- 
culating the  "neutralizing  power"  of  these  proteins  for  add.  Ixt  the 
case  of  lysine,  HtNCH,  —  CH,  —  CH,  —  CH,  —  CHNH,  —  COOH,  V, 
of  the  nitrogen  reacts  with  nitrous  add  and  hence  is  assumed  to  be  com- 
bined in  a  free  amino  group,  the  other  amino  group  being  combined  with 
the  carboxyl  of  another  molecule  of  add  to  iorm  the  protein  chain.  In 
thecaseofarginmcHaN  — C  — NH  — CHs  — CH,  — CH,  — CHNH,— 

II 
NH 

COOH,  none  of  the  nitrogen  reacts  with  nitrous  add  and  yet  from  the 
structure  of  the  molecule,  we  may  condude,  in  agreement  with  the  views 
of  Kossd  and  Cameron,^  that  the  molecule  contains  one  free  amino 
group  not  bound  in  the  peptide  linkage.  Proceeding  then  on  the  assump- 
tion that  ^/%  of  the  lysine  nitrogen  and  V^  of  the  arginine  nitrogen  is 
combined  in  a  free  amino  group,  the  ntunber  of  free  amino  groups  per 
g.  of  {M'otein  has  been  calculated  and  is  given  in  the  fifth  column  of  Table 
I.  A  comparison  of  these  figures  with  the  number  of  equivalents  of 
add  adsorbed  shows  reasonable  agreement,  firom  which  we  may  con- 
dude that  the  add-adsorbing  power  of  proteins  is  mainly  due  to  the  free 
amino  groups  present  Similar  data  were  obtained  for  serum  globulin, 
excelsin,  amandin,  and  legumin,  which  show  the  same  paralleUsm,  though 
the  divergences  are  slightiy  greater,  owing  probably  to  the  circumstances 
that  the  compositions  used  in  the  calculations  are  derived  from  old  meth- 
ods of  analysis  and  therefore  are  not  well  established. 

In  further  support  of  our  theory  it  may  be  pointed  out  that  Goto* 
showed  that  dupein,  whidi  contains  no  lysine,  binds  approximatdy  one 
equivalent  of  sulfuric  add  for  each  molecule  of  arginine.  As  another 
example,  Badl  and  Matula'  and  Pauli  and  Hirschfdd'  have  given  the 
values  1.65  X  io~*  and  0.85  X  10"*  for  the  add  adsorbed  from  0.05  N 
hydrochloric  add  solution  by  normal  and  deaminized  gelatin,  respectivdy ; 
the  value  1.65  X  10"*  represents  the  adsorption  by  the  free  amino  groups 
in  both  lysine  and  arginine,  whereas  the  value  0.85  X  10"*  represents  the 
adsorption  by  the  free  amino  group  in  arginine  alone  since  the  latter  is 

*  Loc,  cit.,  p.  103. 

*  Z.  physiol,  Chem.,  37,  114  (1902). 
•LoccU. 
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not  deaminized  by  nitrous  add,  and  consequently  the  difference  0.8  X 10"* 
represents  the  combining  capacity  of  the  lysine.  If  we  check  this  against 
the  known  composition  of  gelatin  we  find  that  the  ratio  of  ^/^  the  argin- 
ine  nitrogen  to  V«  the  l)rsine  nitrogen  is  1.2:  i,  whereas  the  ratio  of  the 
above  adsorption  values  is  unity. 

Robertson^  states  that  he  formerly  held  the  view  here  presented,  that 
the  add-combining  power  of  a  protein  is  determined  by  the  number  of 
free  amino  groups,  but  that  in  view  of  more  recent  work  he  must  con- 
dude  that  some  factor  other  than  the  ntunber  of  free  amino  groups  is 
responsible  for  the  add  neutralizing  power  possessed  in  such  a  high 
degree  by  some  proteins.  It  is  believed,  however,  by  the  writer,  that 
Robertson  has  failed  to  consider  the  possibility  of  free  amino  groups 
in  arginine  which  do  not  react  with  nitrous  add.  His  statement  that 
100  equivalents  of  sturin  neutralize  no  less  than  24  equivalents  of  add, 
does  not  seem  unreasonable,  when  we  consider  that  Vt  the  lysine  nitrc^en 
plus  V4  the  arginine  nitrogen  gives  us  a  figure  of  20  equivalents.  In 
considering  salmin  he  conduded  that  since  it  gives  no  nitrogen  with 
nitrous  add,  this  protein  contains  no  free  amino  groups;  from  Kossel 
and  Cameron's  work*  it  appears,  however,  that  the  amino  groups  on  the 
guanidine  end  of  the  arginine  molecule  might  be  free  and  yet  not  react 
with  nitrous  add  to  give  nitrogen. 

Considering  now  the  positions  on  the  protein  molecule  most  likd)^ 
to  have  affinity  for  the  hydroxyl  ions  we  might  look  to  the  dicarboxylic 
adds,  but  since  the  COOH  groups  of  glutamic  and  aspartic  adds  which 
are  not  botmd  up  in  the  peptide  linkage  are  combined  in  an  amide  group 
with  ammonia,  it  is  likely  that  the  affinity  at  these  points  woidd  be  small. 
Calculations  bear  this  out  in  that  there  is  no  definite  rdation  between 
the  base  adsorbed  and  the  dicarboxylic  acid  content  of  the  proteins. 
The  effect  of  dil.  alkaU  in  racemizing  proteins  is  of  interest  in  this  con- 
nection. According  to  Dakin  and  Dudley's'  theory  the  alkali  is  the 
factor  in  effecting  the  keto-enol  transformation  in  the  peptide  linkage 
which  renders  the  amino  adds  optically  inactive.  In  such  cases  it  is 
quite  probable  that  one  hydroxyl  ion  is  held  at  each  peptide  junction 
where  this  transformation  occurs.  An  attempt  to  correlate  alkali  adsorp- 
tion experimental  data  with  their  work  on  racemizadon  was  unsuccessful, 
however,  the  data  are  meager  and  it  may  be  that  the  method  discussed 
may  help  in  eluddating  this  question.  In  general  it  seems  that  the 
proteins  having  a  high  affinity  for  alkalies  are  high  in  the  simple,  straight 
chained  amino  adds,  but  attempts  at  further  correlation  failed.^ 

*  Loc.  cU.,  p.  20.  • 
^Loc.cU, 

*  /.  Biol.  Chem.,  15,  2^i  (1913). 

*  Mr.  Bracewell  has  been  good  enough  to  show  me  the  material  in  his  artide. 
I  am  indined  to  agree  with  him  that  the  amount  of  add  adsorbed  by  proteins  is  de- 
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The  work  described  in  this  article  was  performed  in  the  chemical 
laboratory  of  the  University  of  IDinois. 

CmcAoo,  IiA- 


[CONTRIBXTTIOK  VROM  THE  GEOPHYSICAL  LABORATORY  OF  THE  CARNBCm  INSTITUTION 

OF  Wa^okgton.] 

APPLICATION  OF  THE  THERMIONIC  AMPLIFIER  TO  CON- 
DUCTIVITY MEASUREMENTS,* 

By  R.  E.  Hall  and  L.  H.  Adams. 

Received  July  28.  1919. 

The  use  of  the  thermionic  amplifier  as  an  aid  in  making  conductivity 
measurements  is  an  outgrowth  of  the  necessity  for  accurate  work  imder 
restricted  conditions.  We  have  been  confronted  with  the  need  of  making 
resistance  measurements  on  saturated  solutions  of  electrolytes  in  cells  whose 
volume  is  small  and  whose  electrodes  are  limited  in  area  to  approximately 
2  sq.  mm.  Under  these  conditions,  to  avoid  heating  eflPects  during  a  meas- 
urement, and  to  minimize  polarization  at  the  electrodes,  as  far  as  pos- 
sible, the  current  through  the  cell  should  be  made  as  small  as  is  com- 
patible with  a  correct  bridge  setting;  and  the  lower  limit  to  the  value 
of  the  current  is  determined  by  the  sensitivity  of  the  telephone. 

Ordinarily  the  conductance  cell  is  designed  to  meet  the  requirements 
of  the  telephone  which  is  to  be  used  with  it.  A  good  telephone  has  an 
audibility  current  of  lo"'  or  lo"*  amperes,  audibility  current  being 
defined  33  the  least  current  through  the  telephone  which  will  produce 
an  audible  tone.  For  the  majority  of  uses  in  connection  with  measuring 
conductivities  this  is  sufficient  sensitivity.  If  one  is  not  confronted  with 
limitaticms  in  the  size  and  spacing  of  the  cell  electrodes,  and  can  work 
in  a  quiet  room,  there  is  little  difficulty  in  satisfactorily  determining  the 
minimum,  for  one  can  vary  the  current  passing  through  the  bridge  until 

termined  by  their  content  of  the  two  diamino  acids,  lysine  and  arginine.  It  should 
not  be  concluded  from  this,  however,  that  a  protein  containing  no  lysine  or  arginine 
would  adsorb  no  add  at  all.  I  believe  that,  owing  to  their  amphoteric  nattu-e,  all 
protems  would  adsorb  some  add,  in  the  form  of  a  double  layer  of  hydrogen  ion  and 
acid  ion;  the  electrostatic  force  set  up  by  this  double  layer,  however,  would  discourage 
further  adsorption,  and  with  increasing  concentration  of  add  the  adsorpticm  would 
finally  cease  to  increase.  If  now,  lysine  or  arginine  are  present  in  the  protein,  the 
adsorbed  add  will  be  mainly  fixed  by  the  strong  forces  produced  by  the  free  amino 
groups  of  these  adds;  after  these  forces  are  neutralized,  further  indiscriminate  ad- 
sorptioa  at  places  on  the  molecule  having  weaker  forices  will  be  prevented  by  the 
electrical  diaxge  which  has  been  set  up.  On  this  basis  we  should  expect  the  amount  of 
add  adsorbed  by  ordinary  proteins,  containing  lysine  and  arginine,  to  be  determined 
mainly  by  the  content  of  these  diamino  adds,  as  has  been  found  by  Mr.  Bracewell. 

Richard  C.  Tolman. 
^  Presented  at  the  Buffalo  meeting  of  the  American  Chemical  Sodety,  April  7-1 1, 
1919. 
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it  meets  the  requirements  of  the  telephone.  But  even  then,  it  is  neces- 
sary to  be  very  careful  in  regard  to  the  heating  effects  caused  by  the 
current  passing  through  the  cell,  and  for  this  reason  to  follow  a  rather 
definite  schedule  in  making  bridge  settings.^  Further,  increasing  the 
current  through  the  S3rstem,  as  a  means  of  shortening  as  niuch  as  pos- 
sible the  region  of  absolute  silence  in  making  the  bridge  setting,  in  addi- 
tion to  increasing  the  heating  effect,  is  disadvant^eous  in  increasing  any 
errors  due  to  polarization;  while  decreasing  the  current  to  the  lowest 
value  compatible  with  an  accurate  setting  renders  the  determinatioa  of 
the  minimum  point  a  continuous  strain  on  the  nerves.  Since  the  dimen- 
sions of  our  conductivity  cell  were  limited  by  the  bomb  in  which  we  were 
working,  it  was  necessary  to  increase  appreciably  the  sensitivity  of  the 
telephone. 

Different  methods  for  increasing  the  sensitivity  of  the  telephone  have 
been  discussed  by  Washburn.*  (i)  Mechanical  timing  consists  in  so 
adjusting  the  diaphragm  that  its  ftmdamental  vibration  period  is  the 
same  as  that  of  the  current.  In  the  telephones  designed  for  wireless  work, 
or  for  conductivity  measiu-ements,  the  diaphragm  is  usually  adjusted  by 
the  makers  to  a  frequency  of  about  1000  cycles  per  second,  and  for  all 
ordinary  work,  this  frequency  is  satisfactory.  (2)  Electrical  tuning  is 
said  to  be  of  twofold  value  in  that  the  insertion  of  capacity  in  series  com- 
pensates for  the  inductance  of  the  telephone  and  at  the  same  time  is 
effective  in  damping  out  higher  harmonic  tones.  Our  experience  with 
this  type  of  tuning  has  been  unsatisfactory  both  with  a  telephone  of  low 
resistance  and  low  impedance,  and  one  in  which  the  resistance  and  im- 
pedance are  high.  We  have  fotmd  a  condenser  connected  in  parallel  with 
the  telephone  to  be  of  advantage,  however,  in  damping  out  any  tones 
higher  than  the  ftmdamental.  (3)  The  use  of  acoustical  tuning  pre- 
supposes a  current  of  almost  imvarying  frequency,  and  consequently 
requires  adjustment  for  any  changes  in  frequency.  (4)  The  use  of  the 
stethoscope  has  been  suggested  by  Curtis'  as  an  aid  with  the  tele- 
phone. In  any  of  these  arrangements,  the  gain  in  sensitivity  is  not  great, 
as  the  current  through  the  telephone  is  at  best  near  its  allowable  lower 
limit. 

The  Amplifier. — ^The  thermionic  amplifier  places  at  our  disposal  a 
means  of  increasing  the  current  through  the  telephone  almost  indefinitely 
without  in  any  manner  changing  the  cturent  through  the  remainder  of 
the  S3rstem,  or  it  allows  us  to  decrease  the  current  through  the  trndge 
network  very  considerably,  without  any  sacrifice  in  the  accuracy  oi  locat- 
ing the  balance  position  on  the  bridge. 

^  Leeds  &  Northrup  Co.  Catalog  48,  p.  29. 

^  Tms  Journal,  39,  235  (191 7).    The  original  references  will  be  found  here. 

»  Mentioned  by  Taylor  and  Acree,  This  Journal,  38,  2406  (191 6). 
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Reference  to  Fig.  i  will  make  plain  the  principle^  upon  which  the 
amplifier  works.  V  is  an  electron-tube  generator  or  audion;  it  consists 
of  an  evacuated  bulb  containing  (i)  a  heated  filament  F,  which  acts 
as  a  source  of  electrons;  (2)  a  metal  plate  P;  (3)  a  grid  of  fine  wire  G, 
placed  between  the  plate  and  filament.  When  the  filament  is  heated,  it 
becomes  a  source  of  electrons;  with  their  discharge  it  acquires  a  positive 


Fig.  I. — ^The  Wheatstone  bridge  and  the  amplifier     The  amplifier  is  drawn  on  a 
considerably  larger  scale  than  the  bridge. 

charge.  Finally  this  positive  charge  attains  such  a  value  that  the  elec- 
trons are  attracted  back  at  a  rate  equal  to  their  rate  of  emission,  and 
ecjuilibrium  ensues.  If,  however,  the  plate  P  is  maintained  at  a  positive 
potential  relative  to  the  filament  F,  as  for  instance  by  the  plate  battery 
shown  in  the  figure,  the  electrons  will  move  from  F  to  P,  and  a  direct 
current  will  flow  in  the  plate  battery  circuit.  The  amount  of  this  cur- 
rent depends  upon  the  temperatture  of  the  filament,  the  voltage  of  the 
battery,  and  the  characteristics  of  the  grid.  Fig.  2  illustrates  the  influ- 
ence of  the  grid  v(dtage  on  the  plate  cturent.  If  the  potential  of  the 
grid  has  a  sufficiently  large  negative  or  positive  value,  the  electronic 
current  is  a  minimum  or  maximum,  respectively.  For  a  large  section 
of  the  curve  on  either  side  of  zero  potential,  the  plate  current  is  a  linear 
function  of  the  impressed  voltage.  If  now  an  alternating  voltage  is 
superimposed  on  the  grid  voltage,  the  cturent  in  the  plate  battery  cir- 
cuit is  dq)endent  upon  whatever  part  of  the  curve  we  are  working  in. 
If  the  voltage  of  the  grid  corresponds  to  the  point  A,  an  increase  in 

>  l^.  DePorest,  Electrician,  73,  842  (1914);  Elec.  World,  65,  465  (1914);  I-  Lang- 
muir,  Phys.  Rev.,  [2]  2,  450  (1913);  Gen.  Elec.  Rev.,  May,  1915,  327-339;  E.  H.  Arm- 
strong, Elec.  World,  64,  1149  (1914);  H.  J.  Van  der  Bijl,  Phys.  Rev.,  [2]  12,  171  (1918); 
M.  Latour,  Electrician,  78,  280  (1916);  Bur.  Standards,  Circ.  74,  200  (191 8). 
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Grio  Voltaok 


Fig.  2.- 


negative  potential  will  result  in  a  diminution  of  current  in  the  plate 
battery  circuit,  and  a  decrease  in  negative  potential  will  result  in  a 
small  augmentation  of  current,  but  the  diminution  and  augmentation 

of  current  will  not  be  equal.  On  the 
other  hand,  at  zero  potential  of  the  grid, 
the  same  decrease  and  increase  of  volt- 
age will  produce  corresponding  equal 
changes  in  the  values  of  the  plate  bat- 
tery current.  Oscillographs  of  the  input 
and  plate  battery  currents  taken  with 
the  instrument  working  at  this  point 
of  the  curve,  show  them  to  be  entirely 
in  phase.  ^  For  amplification  without 
distortion,  then,  the  grid  voltage  must 
correspond  to  the  linear  section  of  the 
curve.  In  Fig.  i  it  will  be  seen  that 
the  voltage  of  the  grid  is  controlled  by 
its  connection  to  the  negative  terminal 
-The  relation  of  plate  current  to  of  the  filament  battery.  Now  as  the 
grid  volta^  in  a  3-element  vacuum  ^j  ^  frequency  current  from  the  bridge 
tube.    A  characteristic  curve.  .j  -j'/i^^^  r       x 

mduces  periodic  fluctuations  of  poten- 
tial in  G,  the  thermionic  current  between  F  and  P  changes  simultaneously. 
Accordingly,  the  current  in  the  plate  battery  circuit,  and  therefore  in  the 
telephone  T,  is  periodically  increased  or  decreased,  the  frequency  re- 
maining the  same  as  in  the  primary  current.  ''It  is  seen  that  the  device 
functions  broadly  as  a  relay,  in  that  variations  in  one  circuit  set  up 
amplified  variations  in  another  circuit  unilaterally  coupled  with  the 
former."^ 

The  amplification  which  is  desired  determines  the  number  of  amplifier 
bulbs  which  shall  be  used.  The  instrument'  which  we  are  using  (Kg.  3) 
is  a  two-step  amplifier,  manufactured  by  the  Marconi  Wireless  Tel^;raph 
Company  and  used  for  wireless  telephony  in  connection  with  airplane 
work.  It  consists  of  two  audion  bulbs,*  connected  in  cascade,  with  the 
necessary  transformers  and  condensers.  As  shown  in  Fig.  i,  the  leads 
which,  in  the  ordinary  conductivity  apparatus,  connect  the  telephone  to 
the  bridge,  are  now  attached  to  the  input  terminals  of  the  amplifier.  The 
telephone  may  be  connected  so  that  either  one  bulb  is  used,  or  the  full 
amplification  of  the  two  bulbs  obtained.  The  plate  voltage  is  maintained 
^  E.  H.  Armstrong,  EUc.  World,  64,  11 49  (1914). 
»  H.  J.  van  der  Bijl,  Loc.  cit. 

'  We  are  indebted  to  the  Radio  Laboratory  of  the  Bureau  of  Standards  for  the 
loan  of  this  instrument.  It  is  now  possible,  with  the  end  of  the  war,  to  purchase  the 
instrument  in  the  commercial  market. 

*  V.  T.  I  tubes,  manufactured  by  the  Western  Electric  Co. 
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by  a  battery  of  dry  cells,  andlhe  filament  current  is  furnished  by  a  6-volt 
storage  battery. 


Fig.  3. — ^The  amplifier. 

The  Gain  in  Sensitivity  by  tiie  Introduction  of  tiie  Amplifier.— The 
advantage  to  be.  gained  in  conductivity  work  through  the  use  of  the 
amplifier  is  shown  by  the  series  of  measurements  recorded  in  Table  I. 
The  current  in  the  bridge  circuit,  measured  by  a  vacuum  thermocouple, 
was  0.4  X  10''  ampere,  except  for  one  measurement  with  0.2  X  lo"^' 
ampere.  MetalUc,  non-inductive  resistances  were  used,  and  all  measure- 
ments were  made  on  the  ordinary  Leeds  &  Northrup  circular  slide- 
wire  bridge,  with  the  extension  coils  in.  The  figures  in  the  second 
and  third  columns  of  the  table  represent  the  number  of  full  divisions 
on  the  bridge  wire  between  the  points  at  which  the  minimum  audibility 
current  passes  througb  the  telephone;  0.05  division  is  the  smallest  unit 
which  can  be  interpolated.  The  telephone,  a  Western  Electric  instru- 
ment. Type  CW834,  has  a  direct-current  resistance  of  2270  ohms.  A 
qualitative  determination  of  the  resonance  frequency^  showed  it  to  lie 
between  900  and  iioo  cycles  per  second.  At  a  frequency  of  900  cycles, 
its  effective  resistance,  ^  as  measured  in  a  Rayleigh  bridge,  is  7500  ohms, 
and  its  reactance  is  16600  ohms.  The  telephone  was  connected  to  the 
amplifier  so  that  the  amplification  from  both  tubes  was  obtained. 

»  A.  E.  Kcnnelly  and  H.  A.  Affel,  Proc.  Am.  Acad.,  51,  421  (1915)- 
'  We  are  indebted  to  Dr.  F.  B.  Silsbee,  of  the  Bureau  of  Standards,  for  making  this 
measurement  for  us. 
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Tablb  I. 

Improvement  in  audibility  obtainable  using  an  amplifier  and  a  2270  ohm  tetephone. 

Frequency:  1000   cydcs.    Plate   battery   voltage:  35.      Cturent   in   bridge   circuit: 

(I)  0.4  X  10  ~*  ampere.     (II)  0.17  X  10"*  ampere. 


Resistance 

in  arms  of 

bridge  R. 

Ohms. 

Region  of  silence  on  bridge 

/rx 

10*  amperes. 

Without 
amplifier 

With 
amplifier. 

Without 
amplifier. 

With 
amplifier. 

1000 

3 

0.05 

0.85 

0.014 

9500 

•5 

0.05 

1.43 

0.014 

I.. 

30000 

6 

0.05 

1.28 

O.OII 

60000 

10 

0.40 

1.46 

0.058 

II. 

30000 

24 

0.40 

2.18 

0.036 

Average,  1.44 

0.027 

The  audibility  current  of  a 

telephone  according  to  Washburn^  is  { 

by  the  equation 

It  = 


Rr      .        r^VRs      .        /?        .        r,     \  (0 


(5.  +  K)(^.  +  i  +  R,) 


in  which  It  is  the  current  through  the  telephone  /,  that  in  t^e  circuit, 
ARb  is  one-half  of  the  resistance  of  the  section  of  wire  ("region  of  silence") 
given  in  the  table,  Rb  the  resistance  of  the  slide  wire,  R  the  resistance 
in  the  arms  of  the  bridge,  and  Rt  the  eflfective  resistance  of  the  tele- 
phone.   The  expression  (  —  H 1"  ^r  J  represents  the  resistance  of  the 

telephone  circuit;  no  term  appears  for  the  reactance  as  this  has  pre- 
sumably been  eliminated  by  the  insertion  in  series  with  the  telephone  oi 
the  proper  capacity.  If,  however,  the  circuit  has  not  been  tuned  to 
resonance  in  this  way,  its  impedance  will  be  given  by  the  expression 

^f  —  H h  Rt)   +  {LmY,  in  which  Ixa  represents  the  reactance  of 

the  telephone  at  the  frequency  at  which  Rt  was  measured;  and  our 
equation  for  It  becomes 

With  a  telephone  of  low  resistance  and  inductance,  the  use  of  either 
equation  will  give  practically  identical  values  for  It;  but  if  the  resistance 
and  inductance  are  high,  as  in  otu"  telephone,  and  the  circuit  is  not  tuned 
to  resonance,  the  latter  equation  should  be  used. 

Equation  2  has  been  used  in  making  the  calculations  for  the  table. 
The  average  value  of  It,  when  no  amplifier  was  used,  is  seen  to  be  1.44  X 
lo""';  with  the  amplifier,  it  becomes  0.027  X  io~*,  t.  ^.,  the  telephone 
»  This  Journai.,  38,  2431  (1916);  39»  235  (1917). 
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becomes  apparently  50  times  as  sensitive.  Of  course,  in  the  latter  case, 
It  does  not  represent  the  real  current  through  the  telephone,  but  is  a 
measure  of  the  effective  sensitivity  of  telephone  and  amplifier  combined. 
In  other  words,  a  current  no  greater  than  0.027  X  io~'  ampere  would 
produce  an  audible  tone  in  a  telephone  whose  sensitivity  was  equal  to 
that  of  telephone  and  amplifier  combined.  It  is  readily  seen  that  the 
introduction  of  the  amplifier  permits  the  current  through  the  bridge  to 
be  reduced  to  V^o  of  the  value  necessary  when  no  amplifier  is  used,  with 
no  loss  in  accuracy  in  determining  the  null  setting;  or  a  reduction  of  the 
current  to  perhaps  Vio  of  its  value,  while  still  retaining  the  sensitivity 
of  the  telephone  at  several  times  the  value  it  had  without  the  amplifier. 
It  win  be  noted  that  the  telephone  used  in  these  tests  was  a  high  resis- 
tance instrument.  This  should  be  the  case  for  use  with  the  amplifier, 
as  it  develops  the  greatest  power  when  working  into  a  resistance  of  sev- 
eral thousand  ohms.  However,  tests  were  made  on  several  other  tele- 
phones of  varying  resistance,  the  results  of  which  are  shown  in  Table 
II.  It  vriill  be  seen  that  in  every  case,  with  constant  current,  the  use 
of  the  amplifier  has  greatly  diminished  the  region  *of  silence  on  the  bridge 
wire.     If  It  is  calculated  as  in  the  preceding  table,  ^  every  telephone 

Tablb  II. 

Comparison  of  several  telephones  with  and  without  the  amplifier. 

Frequency:  1000    cycles.     Plate    battery    voltage:  35.     Current    in    bridge    circuit: 

0.33  X  io~*  amperes.     R  =  10,000. 

Division  d  bridge  wire  ,     v^  i  a« 

for  audibility  current.  *T  X  10» 

Refistftuce  *  *  ■  »  <■    '  ■  — «  ■  -s 

of  Without        With         Without        With 

Tekpbone.  telephone,  amplifier,    amplifier,    amplifier,    amplifier. 

1  Western  dectric  CW834  ... .     2270  4.0         0.05  0.94  '     0.012 

2  C  Brandes 1052        lO.o  0.25  7.70        0.19 

3Unknownmake 154        35o  0.4  31.60        0.35 

4  Western 'electric  timable 106      100. o  i.o  91.00        0.91 

5  Ordinary  Bell 88  7.0  0.25  6.40        0.23 

6Unknownmake 63        60.0  0.5  55  00        0.46 

tested  with  the  amplifier  shows  an  audibility  current  value  of  less  than 
I  X  lo""*  amperes;  in  fact,  very  much  less  except  in  one  instru- 
ment. The  high  resistance  telephone  of  the  Western  Electric  Co.,  de- 
veloped especially  for  work  in  wireless  telegraphy  and  telephony,  is 
decidedly  the  most  sensitive.  On  the  "whole,  this  type  of  test  is  quite 
unsatisfactory,  but  serves  to  determine  the  relative  sensitivity  of  the 
telephones.    The  measurements  show  that  with  the  insertion  of'  the 

^  With  this  difference,  that  with  the  exceptioii  of  No.  i,  which  was  calculated  by 
Equation  2,  the  direct  current  resistance  was  used  for  Rt,  and  the  reactances  were 
not  taken  into  consideration.  This  will  affect  the  results  but  little  except  in  No.  2, 
in  which  the  audibility  current  would  be  smaller,  undoubtedly,  if  the  impedance  were 
used. 
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amplifier,  even  a  relatively  poor  telephone  becomes  more  sensitive  than 
the  very  best  telephone  without  it. 

With  the  introduction  into  the  circuit  of  an  instrument  as  sensitive 
to  all  electro-magnetic  distturbances  in  the  vicinity  as  the  amplifier  is, 
naturally  much  care  must  be  taken.  If  there  are  any  apfnedable  induc- 
tive effects  nearby,  caused,  for  example,  by  electric  furnaces  fed  by 
alternating  current,  a  tone  will  be  heard  in  the  telephone  whose  pitch 
corresponds  to  the  nimiber  of  cycles  of  the  a.  c.  supply,  or  the  harmonics 
of  this.  The  click  of  the  relay  attached  to  the  thermostat,  and  any 
sparking  in  the  generator  of  the  high  frequency  current,  will  be  heard. 
The  latter,  of  course,  would  be  eliminated  entirely  if  the  Vreeland  oscil- 
lator were  used  as  a  source  of  current.  However,  using  a  Holtzer-Cabot 
generator,  we  have  had  but  little  trouble  from  the  accidental  sounds 
arising  from  this  source.  A  good  grotmd  connection  both  to  the  bridge 
and  to  the  amplifier  is  necessary,  and  the  various  cables  leading  to  the 
bridge  should  be  armored  and  this  armor  grounded.  Our  bridge,  on 
accotmt  of  the  shop  and  power  plant  noises  nearby,  had  been  placed  in 
a  telephone  booth.  When  the  amplifier  was  placed  in  the  booth,  its 
proximity  to  the  other  parts  of  the  bridge  and  to  the  operator  was  such 
that  the  null  setting  obtained  could  not  be  depended  upon  to  give  the 
true  resistance.  When  it  was  placed  outside  the  booth,  and  shielded,^ 
this  difficulty  disappeared  entirely,  so  that  measurements  of  metallic 
resistances  made  with  direct  and  alternating  current  have  checked  re- 
peatedly to  I  part  in  50  to  80  thousand.  A  condenser  in  parallel  with 
the  telephone  is  advantageous  in  damping  out  any  harmonics.  It  is 
necessary  further  to  adjust  very  carefully  by  the  usual  air  condenser  the 
capacity  in  the  arm  containing  the  Curtis  coils,  especially  in  the  case  of 
saturated  solutions  in  small  cells  such  as  we  are  using.  By  proper  adjust- 
ment of  this  capacity,  however,  and  that  in  the  telephone  circuit,  a  min- 
imum is  obtained  which  is  entirely  devoid  of  either  the  higher  notes  or  the 
ftmdamental. 

The  current^  through  the  telephone,  when  used  with  an  amplifier, 
consists  (i)  of  the  direct  current  maintained  by  the  plate  battery  when 
no  alternating  voltage  is  applied  to  the  grid;  (2)  of  the  alternating  cur- 
rent which  is  present  when  such  voltage  is  applied;  (3)  of  a  first  harmonic; 
and  (4)  of  a  d.  c  component  due  to  the  alternating  input  voltage.  The 
only  current  of  importance  in  amplification  is  the  alternating  output 
current,  and  this  is  a  linear  function  of  the  voltage  impressed  upon  the 
input  circuit.  The  power  amplification  is  independent  of  the  input  and 
the  frequency.    When  the  amplifier  works  into  an  impedance  equal  to 

^  Placiqg  the  amplifier  in  a  grounded  metal  can  proved  to  be  a  convenient  and 
effective  method  of  shielding. 
«  H.  J.  Van  der  Bijl,  Loc,  cil. 
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or  greater  than  its  own,  the  harmonic  becomes  negligibly  small  as  com- 
pared to  the  main  alternating  current.  The  rapid  increase  in  current 
through  the  telephone  circuit  as  the  sliding  contact  moves  away  from 
the  nun  position  on  either  side»  and  the  consequent  large  increase  in  the 
sound  from  the  telephone  render  the  determination  of  the  minimum 
setting  very  sharp,  .so  that  in  work  in  which  a  minimum  setting  may  be 
made  readily  with  the  ordinary  arrangement,  the  introduction  of  the 
amplifier  is  a  source  of  much  satisfaction,  owing  to  the  very  rapid  de- 
crease (A  sound  to  entire  silence  as  the  sliding  contact  passes  over  the 
balance  point. 

Our  work  necessitates  measuring  resistances  of  saturated  solutions  in  a 
cell  whose  maximum  external  diameter  is  13  mm.,  and  whose  electrode^ 
may  be  separated  by  no  more  than  55  mm.  Further,  the  restricted  por- 
tion of  the  cell  must  be  of  large  enough  diameter  to  allow  free  circulation 
of  the  solution.  If  we  allow  5  mm.  for  the  diameter  of  this  portion  of 
the  cell,  the  resistance  for  a  saturated  soditun  chloride  scdution  is  about 
100  (AmjB.  The  measurements  should  not  di£Fer  among  themselves  by 
more  than  0.003%.  ^^  small  size  of  the  electrodes  necessitates  con- 
siderable care  to  eliminate  the  effects  of  polarization.  The  possibility 
therefore,  of  greatly  reducing  the  current,  without  decreasing  the  ac- 
curacy of  determining  the  position  of  silence  on  the  bridge  wire,  has 
been  of  great  value  to  us.  We  are  working,  too,  in  a  room  in  which 
the  installation  of  a  telephone  booth  has  not  sufficed  entirely  to  remove 
distracting  sounds.  But  the  in- 
troduction of  the  amplifier  has 
made  the  determination  of  the 
minimum  an  easy  matter  even 
under  these  adverse  conditions. 

The  Electron  Tube  as  a 
Source  of  Alternating  Current 
— By  means  of  an  arrangement^ 
such  as  that  shovm  in  Pig.  4, 
the  electron  tube  becomes  a  gen- 
erator of  high  frequency  current. 
The  frequency  is  controlled  by 
the  condensers  C  and  C,  one  of 
i^hich  is  of  small  capacity,  and 
continuously  variable  over  its 
range;  the  other,  variable  in 
steps  of  perhaps  0.005  micro- 
farad.   A  generator  of  this  gen- 

^  This  arransement  was  brought  to  our  attention  by  Dr.  J.  M.  Miller,  of  the 
Radio  Laboratoiy,  Bureau  of  Standards. 


Pig.  4  ■ 


-The  electron  tube  as  a  generator  of 
alternating  current. 
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end  type  may  be  made  to  3deld  a  current  of  from  a  few  tenths  of  a  milli- 
ampere  or  less  to  25  amperes,  and  witii  a  frequency  varying  from  Vs  cyde 
per  second  to  50  million  cydes  per  second.^ 

As  a  current  generator  for  the  preceding  measurements,  we  used  as 
oscillator  a  V.T.  i  tube,  of  the  same  type  as  used  in  the  amplifier.  The 
plate  voltage  was  maintained  by  a  56-volt  storage  battery;  the  current 
for  the  filament  was  taken  from  the  same  source.  The  transformer  was 
one  which  we  happened  to  have;  the  resistance  of  tiie  primary  coils  was 
205  ohms,  their  inductance  25  henr3rs;  the  resistance  of  the  secondary 
coils  was  0.76  ohm,  the  inductance  0.064  henry.  While  the  limits  of 
frequency  were  not  determined,  a  variation  from  a  very  few  cydes  per 
second  to  the  limit  of  the  ear  for  detection,  was  readily  obtained  by  var3ang 
tiie  capadties  C  and  C\  For  work  at  1000  cydes,  C  and  C^  could  be 
omitted  entirdy,  merdy  varying  the  current  through  the  filament  giving 
a  suffident  range  ot  frequency. 

Table  III  contains  data  showing  the  current  at  a  frequency  of  1000 
cydes  in  the  external  circuit  when  its  total  resistance  was  varied  from 
19000  to  550  ohms.  The  available  power,  although  only  a  small  fraction 
of  a  watt,  would  often  prove  suflSdent  for  conductivity  work.  Of  course, 
much  more  power  could  be  obtained  with  a  larger  tube  or  higher  plate 
voltage. 

Tablb  III. 
Current  obtainable  from  a  V.  T.  i  tube  acting  as  generator,  with  varying  external 

resistance. 
Plate  voltage:  56.     C  and  C:  Set  at  o. 
Transformer:  Resistance  ohms.  Inductance  hemys. 

Primary 204 .8  25 . 4 

Secondary 0.76  0.064 

Total  external     Vacuum  thermocouple:       Current  Power 

resistance.  microvolts.  milliamperes.  watts. 

19200  41  0.33  0.0021 

14200  72  0.44  0.0027 

9200  154  0.64  0.0038 

4850  547  I  26  0.0077 

2700  1630  2.2  O.OI31 

1600  3110  3.1  0.0154 

1000  5200  4.2  0.0176 

800  6230  4.7  O.OI77 

700  6820  4.9  0.0168 

600  7670  5.4  0.0175 

550  8210  5.6  0.0173 

The  use  of  an  electron  tube  as  a  sotu-ce  of  alternating  current  in  resis- 
tance meastu-ements  makes  available  a  generator  at  once  cheap  and  pro- 
viding a  wide  range  of  frequency.  Its  main  disadvantage  lies  in  the 
fact  that  a  first  harmonic  is  present,  which  is  particularly  noticeable  at 

>  W.  C.  White,  Gen.  Elec.  Rev.,  1916,  771  (September);  1917, 635  (August). 
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low  frequencies;  at  1000  cydes  or  more,  it  is  not  noticeable  enough  to  be 
troublesome. 

Conductivity  Measurements  at  Extreme  Frequencies. — One  other  point 
of  value  in  the  application  of  the  amplifier  to  conductivity  meastu-ements 
may  be  mentioned  here.  In  wireless  work,  in  which  undamped  oscilla- 
tions of  high  frequency  are  used,  the  pitch  of  the  resulting  notes  may 
be  too  high  to  be  audible  but  the  signals  can  be  made  audible  in  a  tele- 
phone by  beats.  For  instance,  if  two  sources  of  oscillations,  one  of  a 
frequency  of  100,000  and  the  other  of  101,000,  act  together  on  the  same 
circuit,  the  note  heard  in  the  telephone  will  be  that  due  to  1000  pulses 
per  second.  In  wireless  the  one  source  of  osdllations  is  the  antenna, 
receiving  them  from  the  sending  station;  the  other  source  is  the  electron 
tube  itself,  so  adjusted  to  act  as  an  oscillator.  In  this  way,  the  tube 
acts  simultaneously  as  a  local  source  of  oscillations,  and  as  a  receiver 
and  amplifier  of  oscillations  from  the  sending  station.  This  is  called  tiie 
autod3aie  method.  If,  then,  it  would  be  advantageous  for  any  reason 
to  use  higher  frequencies  than  5  or  10  thousand  cydes  in  making  con- 
ductance measurements,  by  an  application  of  this  method,  the  telephone 
could  still  be  used  for  determining  the  point  of  balance  in  the  bridge. 
We  are  planning  to  investigate  this  use  of  the  audion  tube. 

Summary. 

1.  The  use  of  an  amplifier  in  conjtmction  with  the  telephone  in  the 
measurement  of  the  resistance  of  solutions  makes  much  simpler  the  deter- 
mination of  the  balance  position  of  the  bridge.  Any  ordinary  telephone  ber 
comes  a  more  sensitive  instrument  with  the  amplifier  than  the  best  tele- 
phones without  it.  When  a  sensitive  telephone  is  used,  the  current  through 
the  bridge  may  be  reduced  to  a  tenth  of  the  value  necessary  without 
the  amplifier,  and  the  instrument  still  will  have  several  times  the  sen- 
sitivity it  has  without  the  amplifier. 

2.  An  electron  tube  may  be  used  as  a  source  of  alternating  current 
for  conductance  meastu-ements.  Its  advantages  are  its  cheapness  ana 
the  wide  range  of  frequencies  which  may  be  obtained  with  it.  A  first 
harmonic  is  jn-esent  in  the  current,  which  is  noticeable  at  low  frequencies, 
but  which  is  not  troublesome  at  a  frequency  of  1000  cydes  or  more. 

3.  If,  for  any  reason,  it  should  be  desired  to  use  frequencies  in  con- 
ductance measurements  beyond  the  limit  of  the  human  ear,  a  telephone 
could  still  be  employed  to  indicate  the  bridge  balance  by  the  use  of  the 
autodyne  method. 

WAnONOTON,  D.  C. 
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THE  CAUSE  OF  AND  REMEDY  FOR  CERTAIN  INACCnRACIES 

IN  HAUSMANN'S  NITROGEN  DISTRIBUTION  METHOD. 

By  S.  L.  JODIDll  AND  S.   C.  MOULTON. 
Received  July  29,  1919. 

The  importance  of  proteins  as  Ufe  carriers  in  the  plant  and  animal 
organism,  as  well  as  the  significance  of  amino  adds  as  simple  substances 
out  of  which  the  protein  molecule  is  built  up,  has  long  been  recognized. 
The  amino  adds,  along  with  the  proteins  assume  added  significance 
because  of  their  importance  in  nutrition,  as  demonstrated  by  the  mcMre 
recent  researches  of  Osborne*  and  Mendd,  McCollum,*  Van  Slyke/  Hart/ 
Abderhalden^  and  their  collaborators.  It  is  for  this  reason  that  it  is 
frequently  desirable  to  analyze  for  the  amino  adds  quantitatively.  This 
can  be  accomplished  by  estimating  the  chemical  groups  characteristic  of 
the  di£Ferent  amino  adds,  according  to  the  well-known  method  of  Van 
Slyke,^  or  the  diamino  adds  may  be  isolated  and  detennined  according 
to  the  method  of  Kossd^  and  Kutscher'  und  their  collaborators,  while 
the  monoamino  adds  may  be  estimated  according  to  Fisdier's  ester 
method.i<> 

Whereas  Van  Slyke's  method  has  the  great  advantage  that  it  jridds 
quantitative  results  with  but  a  small  amount  of  material  (about  3  g.  of 
protein)  its  disadvantage  is  that  the  time  factor  is  not  insignificant.  On 
the  other  hand,  analysis  of  proteins  by  the  methods  of  Kossell  and  Kut- 
scher  and  those  of  Fischer  requires  very  much  more  material  and  time. 

It  is  true  that  by  Hausmann's  method^^  the  nitrogen  distribution  in 
the  protein  molecule  can  be  determined  in  a  very  short  time  and  with 
but  one  g.  of  protein  material.  But  although  the  method  yidds  fairly 
accurate  results  for  add  amide  nitrogen,  the  results  for  diamino  and 
monoamino  add  nitrogen  are  far  from  being  accurate.  Osborne  and 
Harris**  have  essentially  improved  Hausmann's  method  by  showing  how 
^  We  wish  to  express  our  thanks  to  Mr.  K.  S.  Markley  for  some  assistance  In  this 
work. 

« /.  Biol.  Chem.,  12,  473  (1912);  13,  233  (1912);  I7f  325  (1914);  x8f  i  (1914);  «>, 
351  (1915);  a6, 1, 293  (1916);  29»  69  (1917). 

•/Wd.,  19,  323  (1914);  ao,  415  (1915);  a8»  211,  483  (1916). 
*Ber,,  43|  3170  (1910);  /.  Biol,  Chem,,  16,  231  (i9i3)« 

•  /.  Bid,  Chem.,  21,  239  (1915);  26,  457  (1916);  29,  57  (1917);  3X|  4i5.  445  (1917). 

•  Z,  physiol.  Chem.,  96,  i  (1915). 

7  /.  Biol.  Chem.,  10,  15  (1911-1912);  22,  281  (1915);  23,  411  (1915)- 

•  Z.  physiol.  Chem.,  31,  165  (1900-01). 
^Ibid.,  49,  318  (1906);  52,  108  (1907). 

^^Ibid.,  33,  151,  412  (1901). 

"  Ibid.,  27,  95  (1899);  29,  47,  136  (1900). 

"  This  Journai.,  25,  323  (1903). 
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to  determine  htimin  nitrogen  (which  was  not  done  by  Hausmann)  and 
by  elaborating  the  exact  conditions  under  which  the  diamino  adds  can 
be  precipitated  quantitatively.  They  also  suggested  calculating  mono- 
amino  adds  by  di£Ference  rather  than  estimating  them  directly,  since 
their  direct  determination  by  the  Kjddahl  method,  in  the  presence  of  a 
large  quantity  of  phosphotungstic  add  inddental  to  Hausmann's  method, 
3rields  too  low  results. 

In  appl3ang  Hausmann's  method  on  various  occasions,  the  writer^ 
found  that  while  the  figures  for  add  amide  nitrogen  were  on  the  whole 
uniform  and  fairly  accurate,  those  for  diamino  and  monoamino  nitrogen 
^7ere  not  as  uniform  and  sometimes  could  not  be  duplicated.  Observa- 
tions on  Hausmann's  method  show  that  the  more  magnesitun  oxide  is 
used  in  the  distillation  of  the  add  amide  nitrogen,  the  more  humin  nitro- 
gen is  retained  by  the  magnesium  oxide.  This  is  plainly  visible,  since 
the  color  of  the  residual  liquid  containing  the  basic  and  non-basic  nitro- 
gen is  lighter  when  a  larger  amount  of  magnesitun  oxide  is  used.  In 
this  connection  Hatismaxm'  fails  to  specify  the  amount  of  magnesium 
oxide  to  be  added  to  the  evapomted  hydrol3rzed  substance,  while  Osborne 
and  Harris'  recommend  adding  this  reagent  until  it  is  in  slight  but  dis- 
tinct excess.  However,  because  of  the  insignificant  solubility  of  mag- 
nesium oxide  in  water  (i :  55368)  and  the  slight  alkalinity  of  its  solution 
one  is  apt  to  use  a  considerable  excess.  This  is  especially  tru^  in  the 
analysis  ot  biological  materials  containing  chiefly  carbohydrates  and  but 
a  small  proportion  of  proteins  and  amino  adds.  Excessive  use  of  mag- 
nesium oxide,  however,  involves  significant  errors,  as  will  be  shown  in 
the  experimental  part  of  this  paper.  , 

Experimental. 

Casein. — ^The  casein  used  in  these  experiments  was  prepared  from 
skim  milk  essentially  according  to  the  method  of  Hoppe-Seyler.^  The 
purified,  air-dried  casein,  contained  8.89%  of  moisture  and  15.53%  of 
nitrogen,  calculated  to  the  oven-dried  substance.  1.2  g.  quantities  of 
air-dried  casein  were  treated  with  75  cc.  of  20%  hydrochloric  add  and 
kept  boiling  under  reflux  for  10  hours.  Each  of  the  hydrolyzed  portions 
was  next  evaporated  on  the  steam  bath,  practically  to  dr3aiess,  transferred 
quantitativdy  to  8oo-cc.  Kjddahl  flasks  with  250  cc.  of  boiling  hot  water, 
coded  and  distilled  with  various  amounts  of  magnesium  oxide  previously 
mixed  to  a  cream  with  100  cc.  of  water.  The  distillate  was  titrated  with 
o.i  N  sulfuric  add,  in  order  to  determine  the  add  amide  nitrogen. 

*■  S.  L.  Jodidi,  This  Joxtrnai,,  3a,  396  (1910);  33,  1226  (191 1);  34,  94  (1912);  also 
Midi.Agr.Expt.  StaL,,Teck,  Bull.  4  (1909);  Jodidi  and  WeUs,  Iowa  Agr.  Expt  Sta., 
Rgsearch  Bull.  3  (191 1);  Jodidi,  Kellogg  and  Ttue,  /.  Agr,  Research,  Z5|  385  (1918}. 

« Z.  pkysud,  Chem,,  27,  98  (1899). 

» Tms  JouRNAi,,  25,  331  (1903). 

«  Hoppe-Seyler's  Handbuch  d.  Physiol,  u.  Pathol.  Chem.  Anal.,  Berlin,  1909,  p.  488. 
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The  magnesium  oxide  residue  was  now  filtered  off  and  thoroughly 
washed  with  boiling  hot,  ammonia-free  water  tmtil  free  from  hydro- 
chloric add.  The  filter  and  its  contents  were  next  put  into  a  500-cc. 
Kjddahl  flask,  to  which  the  residue  in  the  800  cc.  flask  was  then  quan- 
titatively transferred  by  means  of  dil.  sulfuric  add,  and  the  whole  anal- 
yzed by  the  Kjddahl  method,  to  obtain  the  proportion  of  "humin"  nitro- 
gen. 

Filtrate  and  washings  from  the  magnesimn  oxide  residue  were  evap- 
orated on  the  water  bath  to  100  cc,  cooled  to  20®,  and  treated  with  5 
g.  of  sulfuric  add  and  30  cc.  of  a  solution  containing  5  g.  of  sulfuric  add 
and  20  g.  of  phosphotungstic  add  per  100  cc.  After  about  24  hours 
the  precipitate  was  filtered  out  and  washed  with  a  solution  containing 
5  g.  of  sulfuric  add  and  2.5  g.  of  phosfriiotungstic  add  per  100  cc.  The 
washed  predpitate  and  the  filter  were  subjected  to  oxidation  for  8  hours, 
according  to  the  Kjddahl  method,  which  gave  the  nitrogen  of  diamino 
adds. 

In  all  experiments  a  correction  was  made  for  the  nitrogen  present  in 
the  reagents. 

The  proportion  of  the  monoamino  add  nitrogen  was  found  by  sub- 
tracting from  100  the  sum  of  the  nitrogen  per  cents,  obtained  by  the 
above  operations. 

The  sesults  representing  the  average  of  duplicate  estimations  are  pre- 
sented in  Table  I.  Examination  of  the  table  shows  that  the  percentage 
<^  the  add  amide  nitrogen  is  practically  the  same  in  all  experiments,  but 
that  the  percentage  of  nitrogen  contained  in  the  magnesium  oxide  pre- 
dpitate is  higher  when  a  larger  quantity  of  magnesium  cndde  is  used 
for  distillation,  and  the  percentages  of  monoamino  and  diamino  nitrogen 
are  correqxmdingly  lower.  Since  the  hydrolysis  of  the  various  portions 
of  casein  took  jdace  tmder  identical  conditions,  the  amount  of  humin 
nitrogen  formed  should  be  the  same  in  all  cases.  Hence,  the  fact  that 
diflerent  quantities  of  nitrogen  were  retained  by  the  magnesium  oxide 
dearly  indicates  that  diamino  and  monoamino  add  nitn^en  as  well  as 
humin,  nitrogen,  were  adsorbed. 

Table  I. — ^NitROCBN  Distribution  in  Casbin. 


Mm- 

nesium 
oxide 
used  for 
distilla- 
tion.  G. 

Nitrogen  of 
add  amides. 

Oven- 
dried         Casein 
casein,     nitrogen. 

Nitrogen  of  mag- 
nesium oxide  ppt. 

Oven- 
dried         Casein 
casein,     nitrogen. 

Nitrogen  of 
diamino  adds. 

Nitrogen  of 
monoamino  adds. 

Oven- 
dried          Casein 
casdn.       nitrogen. 

Oven- 
dried 
casdn. 

Casdn 
nitrogen. 

4.0 

1.60 

10.28 

0.74          4.78 

2.79          17.97 

10.38 

66.84 

2.0 

I  59 

10.21 

0.41          2.60 

2.96          1903 

10.59 

68.17 

I.O 

1.58 

10.15 

0.27          1.72 

. . 

0.5 

1  59 

10.22 

0.20          1.30 

3.27          21.05 

10.47 

67.43 

If  the  humin  nitrogen  formed  in  the  coiu"se  of  the  casein  hydrolysis  were 
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insoluble  it  should  be  possible  to  separate  and  estimate  its  exact  pro- 
portion; and  the  mtrogen  present  in  the  magnesium  oxide  would  be  sim- 
ply adsorbed  nitrogen  of  diamino  and  monoamino  adds.  To  determine 
what  actually  happens,  several  more  portions  of  1.2  g.  of  air-dried  casein^ 
were  hydrolyzed  under  exactly  the  same  conditions  as  before.  The 
hydrolyzed  liquids,  however,  were  evaporated  on  the  water  bath  to 
dryness,  taken  up  with  hot  water,  filtered  through  a  double  filter  and 
refiltered  until  the  filtrate  was  perfectly  dear.  The  black  residue  on 
the  filter  was  then  washed  with  boiling  hot  ammonia-free  water  until 
the  filtrate  was  free  from  chlorine,  whereupon  the  filter  and  residue  were 
oxidized  by  the  Kjddahl  method  and  the  proportion  of  the  insoluble 
hnmin  nitn^en  thus  determined.  The  dark  brown  but  perfectly  dear 
filtrate  and  washings  from  the  insoluble  black  residue  were  concentrated 
and  used  for  distilling  off,  with  the  aid  of  magnesium  oxide,  the  ammonia 
corresponding  to  the  add  amides,  etc.,  as  already  outUned.  The  data 
in  question  which  represent  the  average  of  duplicate  analyses  are  sum- 
marized in  Table  II. 

Tabls  II. — ^NiTROGBN  Distribution  m  Caskis,  with  RsitovAi,  or  ths  iNSOftAJBUH 

HuMiN  Nitrogbn. 


Mag-   humin  nitrogen. 


Nitrogen  of 
add  amides. 


Nitrogen  in  mag- 
nesium oxide  ppt. 


Nitrogen  of 
diamino  acids. 


Nitrofea  of 
monoamino  adds. 


ocide  Oven- 
naedUir  dried 
distilla-  casdn. 
tion.   G.    %. 


4.0  0.03 

2.0  0.02 

I.O  O.OI 

0.5  0.02 

RcmdtB    of 


Casein 
nitro- 
gen. 
%. 

0.18 

O.II 

0.08 

0.16 

Os- 


Oven- 
drlMl 

casdn. 
%. 

1.58 
1.57 
1. 61 

I  59 


Casein 
nitro* 

%. 
10.26 
10.22 
10.46 
10.32 


Oven- 


borne  and 

Harris* 

Restihs  of  Haus- 


casein. 
%. 

0.77 
0.32 
0.23 
O.II 


0.21 


Casein 
nitres 

%. 

496 

2.06 
1.48 
0.72 


Oven- 
dried 
casdn. 


2.95 
3.07 
3.29 


3.49 


Casdn 
nitro- 

19.16 

19.93 
21.38 


Oven- 


casdn. 
%. 

10.07 
10.42 
10.25 


10.31 


Casein 
nitro> 

65.46 
67.68 
66.60 


1.75 

12.06 

1. 61 

II. 81 

1.52 

2.33 

2.00 

. . . 

1.84 

(Ave.) 

11.93 

(Ave.) 

1. 61 

2.13 
2.07 


2 .  10    (Ave.) 

In  gkndng  over  this  table  it  is  readily  seen  that  the  prop<»lion  of 
insotubk  humin  nitrogen  is  insignificant,  the  data  for  add  amide,  di- 
amino and  monoamino  nitrogen  fully  corroborating  tiie  results  already 
reported  in  Table  I.    While  the  successive  treatment  of  the  magnesium 

'  This  casein  had  a  moisture  and  nitrogen  content  slightly  different  from  the 
casein  used  in  the  experiments  already  reported. 
«  Tins  JouBNAi,,  as,  349  (1903). 
•  Z.  physiol,  Chem,,  27,  103-4  (1899)- 
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oxide  precipitate  with  additional  and  larger  qtiantities  of  water  iniSuences 
somewhat  the  rdative  amounts  of  nitrogen  remaining  in  it  and  in  the 
filtrate  this  influence  is  not  considered  great  enough  to  afifect  the  con- 
clusions drawn. 

When  we  compare  those  samples  in  Tables  I  and  II,  in  which  one  g. 
of  magnesium  oxide  was  used  for  distillation,  we  find  that  these  results 
agree  very  well  with  those  of  Osborne  and  Harris. 

Hausmann's  results  differ  considerably  from  those  of  Osborne  and 
Harris,  while  ours  are  between  the  two.  It  is  interesting  that 
Hausmann  obtained  concordant  duplicates  in  the  estimation  of  add 
amide  nitrogen,  while  his  figures  for  diamino  nitrogen  show  considerable 
variations.  In  the  light  of  the  results  in  Tables  I  and  II,  it  seems  safe 
to  assume  that  the  considerable  fluctuations  in  the  diamino  nitrogen 
obtained  by  Hausmann  may  have  been  due  to  different  amounts  of  mag- 
nesiimi  oxide  used  in  the  distillation,  in  addition  to  the  fact  that  Haus- 
mann did  not  quite  succeed  in  rendering  the  conditions  for  the  precipita- 
tion of  diamino  adds  strictly  quantitative. 

Similar  experiments  carried  out  with  egg  albumin  and  gelatin^  have 
led  essentially  to  the  same  condusions.  The  proportion  of  nitrogen 
found  in  the  magnesium  oxide  predpitate  was  higher,  and  that  of  diamino 
and  monoamino  nitrogen  was  correspondingly  lower,  the  more  magnesium 
oxide  was  used  for  distillation,  the  amount  of  the  latter  being  of  no  in- 
fluence on  the  proportion  of  add  amide  nitrogen. 

Spinach. — In  previous  work^  it  was  ascertained  that  the  nitrogen  of 
the  spinach  plant  (Spinada  oleracea)  is  made  up  of  proteins,  and  non- 
proteins (adds,  amides,  amino  adds,  etc.).  For  the  following  experi- 
ment we  used  air-dried,  powdered  leaves'  from  healthy  spinach  plants 
collected  on  the  Childreth  farm  near  Norfolk,  Virginia.  Several  5  g. 
portions  were  transferred  to  round  bottom  flasks  to  which  250  cc.  of 
20%  hydrochloric  add  was  added  and  kept  boiling  under  a  r^ux  con- 
denser for  10  hours.  The  contents  of  the  flask  were  now  filtered  on  a 
Biichner  funnd  provided  with  a  doth  filter  and  washed  with  boiling  hot, 
amimonia-free  water  until  the  filtrate  was  free  from  chlorine.  The  filtrate 
and  washings  were,  on  cooling,  made  up  to  a  definite  voltune  and  shaken 
thoroughly.  Several  500  cc.  quantities  of  this  solution,  each  containing 
216.2  mg.  of  nitrogen,  were  now  evaporated  on  the  water  bath  to  drjmess, 
whereupon  the  separation  of  the  add  amide,  diamino  nitrogen,  etc.,  was 
effected  as  with  casein.    The  results  which  are  recorded  in  Table  HI 

^  The  data  in  question  may  be  omitted  here  for  the  reason  that  the  egg  albumin 
and  gelatin  used  were  not  quite  pure. 

*  Jodidi,  Kellogg  and  True,  /.  Agr.  Research,  15,  393  (1918). 

'  The  analysis  showed  them  to  contain  7.62%  moisture  and  5.00%  nitrogen, 
calculated  to  the  oven-dried  substance. 
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fuOy  corroborate  the  condusions  drawn  from  the  ezperimeiits  with  casein, 
ovalbumin  and  gelatin. 

TaBLS  III.— NlTROOltN  DlsnUBUnON  IN  SPOfACB. 


Mag- 
nednm 

oxide 
osedfor 
distiUa- 
tion.   0. 

Nitrogen  of 
acid  amides. 

Oven- 
dried          Spinach 
Spinach,      nitrogen. 
%                %. 

Nitrogen  in  mag- 
nesium oxide  ppt. 

Oven- 
dried        ^inach 
Spinach,     nitrogen. 

Basic  nitrogen. 

Oven- 
dried        Spinach 
Spinach,     nitrogen. 
%.               %. 

Non-basic  nitrogen. 

Oven- 
dried        Spinach 

40 

0.88 

17.61 

0.26 

5.28 

0.79 

15.81 

3.06 

61.30 

2.0 

0.89 

17.77 

0.19 

3.77 

0.81 

16.22 

3.  II 

62.24 

I.O 

0.88 

17.68 

O.II 

2.13 

0.85 

16.98 

3.16 

63.21 

An  attempt  to  distill  the  evaporated  hydrolyzed  spinach  with  0.5  g. 
of  magnesia  was  tmsuccessful,  the  amotmt  of  the  latter  being  insufficient 
to  render  the  substance  alkaline. 

Summary. 

1.  The  proportion  of  add  amide  nitrogen  obtained  by  Hatismaxm's 
method,  as  modified  by  Osborne  and  Harris,  is  constant  and  does  not 
depend  upon  the  quantity  of  magnesium  oxide  applied  to  the  distillation. 

2.  The  percentage  of  nitrogen  contained  in  the  magnesium  oxide  pre- 
cipitate is  the  higher,  the  greater  the  quantity  of  magnesium  oxide  em- 
ployed in  d^tillation. 

3.  Conversely,  the  proportion  of  monoamino  and  diamino  nitrogen  is 
the  smaUer,  the  larger  the  amount  of  magnesium  oxide  used  in  distillation. 

4.  In  order  to  obtain  uniform  results  and  a  minimum  o(  "humin'' 
nitrogen  it  is  necessary  to  use  the  least  possible  amount  of  magnesia 
which  is  sufficient  to  render  the  substance  to  be  distiUed  alkaline.  In 
the  case  of  plant  and  animal  materials  the  uniform  application  of  one  g. 
of  magnesium  oxide  seems  to  be  satisfactory,  while  in  the  case  of  pro- 
teins 0.5  g.  suffices. 

Wabhihotom,  D.  C. 
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THE  HYDROCHLORIC  ACID  COLOR  METHOD  FOR  DETER- 
MINING IRON. 

By  J.  C.  H08TSTTBR. 

Received  Auguflt  2,  1919. 

Iron  occurs  in  determinable  amotmts  in  a  surprisingly  large  number 
of  materials.  In  the  course  of  work  on  the  raw  materials  for  optical 
glass  the  determination  of  this  element  soon  became  the  most  pertinent 
criterion  of  quality,  inasmuch  as  iron  introduced  into  the  glass  produces 
color,  with  a  corresponding  absorption  of  light,  and  lowering  of  the  use- 
fulness of  the  glass« 

In  the  preparation  of  solutions  of  these  raw  materials  for  the  determina- 
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Hon  of  iron  it  was  observed  that  the  color  of  the  hydrodiloric  add  sohi- 
tion  was  a  omvenient  index  to  the  amount  of  iron  actually  pcesent.  The 
iron  in  these  solutions  was  subsequently  titrated  electrometrically  and 
experience  soon  indicated  that  a  method  for  iron  based  on  this  color 
could  be  made  to  yield  results  sufficiently  accurate  for  average  control 
work.  The  subject  was  later  studied  somewhat  more  in  detail  and  the 
present  note  gives  the  results  of  experiments  undertaken  to  establish 
conditions  for  the  development  of  this  color,  the  effects  of  adds  and 
salts,  the  precision  attainable,  and  also  certain  applications  of  the  method 
as  finally  devdoped.  Several  interesting  lines  of  research  were  suggested 
by  these  experiments  but,  unfortunatdy,  time  was  not  available  for  other 
investigation  than  that  necessary  for  the  devdopment  of  an  analytical 
procediu^. 

The  yellow  color  devdoped  by  ferric  chloride  in  hydrochloric  add 
solution  has  been  used  as  an  indicator  in  the  direct  determination  of  iron 
by  titration  with  stannous  chloride,^  the  disappearance  of  tiie  cdor  indi- 
cating complete  reduction  of  the  iron.  Similarly,  the  appearance  of  the 
yellow  color  is  used  as  an  indicator  in  the  determination  of  tin  by  titration 
with  ferric  chloride.*  Advantage  has  also  been  taken  of  the  ccdor  ot 
ferric  chloride  solutions  in  the  devdopment  of  color  standards  for  use  in 
drug  assays.'  The  application  of  this  color  to  tiie  determination  of 
iron  was  proposed  by  Hiittner  in  1914,*  but  has  reodved  very  little,  if 
any,  recognition;  his  results  vriill  be  presented  later.  Reference  will  also 
be  made  in  the  course  of  the  text  to  the  older  investigations  of  MiiOer 
on  the  change  of  color  of  ferric  diloride  solutions  under  different  condi- 
tions. The  researdies  of  Sdiaer  on  the  color  of  solutions  of  iron  salts 
shotdd  also  be  noted  here.* 

The  color  produced  by  ferric  diloride  in  hydrochloric  add  solution  has 
been  investigated  by  Donnan  and  Bassett,  who  attribute  it  to  the  forma- 
tion of  some  n^;ative  ion  since,  under  dectrol3rsis,  the  color  moves  toward 
the  anode.*  Three  colored  aystalline  hydrates  of  PetCU-^HCl  have 
been  described  by  Roozeboom  and  Schreinemakers^  and  probably  the 
color  devdoped  in  solution  arises  from  these,  or  similar,  compounds. 

Method  of  Study. 

The  colors  devdoped  by  ferric  iron  in  hydrochloric  add  under  definite 
conditions  were  compared  with  the  color  produced  by  a  certain  quantity 

1  W.  W.  Scott,  Standard  Methods  rf  Chemical  Analysis,  1917,  p.  221. 

»  C.  Mene,  Compt.  rend.,  31,  82  (1850). 

»  H.  V.  Amy  and  C.  H.  Ring,  /.  Ind.  Eng.  Chem.,  8,  30^317  (1916). 

•  Z.  anorg.  Chem.,  86,  34i"357  (1914)- 

•  Arch.  Pharm.,  239,  257-283,  340-353  (1901). 

•  J.  Chem.  Soc.,  81,  955  (1902). 

'  Z.  physih.  Chem.,  15,  591  (1894). 
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of  iron  tinder  known  conditions,  taken  as  the  standard.  After  a  series 
ol  comporisons  had  been  made  tiie  results,  of  course,  could  be  transferred 
by  calculation  to  any  other  basis  and  this  was  done  in  certain  experiments. 
The  standard  ferric  solution  first  used  was  made  up  from  ferric  alum,  the 
actual  iron  content  bemg  determined  by  electrometric  titration  with  o.oi 
N  potassium  dichromate  solution  and  also  by  jn-edpitation  witii  ammonia. 
Later,  standard  solutions  were  made  up  determinate  by  dissolving  ferric 
oxide  in  I :  I  hydrochloric  add. 

In  the  earUer  work  the  color  comparisons  were  carried  out  in  test  tubes  or 
small  cylinders,  no  optical  devices  being  used  to  facilitate  the  comparison  or 
to  make  it  more  sensitive.  Later  a  color  comparator  developed  by  H.  E. 
Merwin  of  this  Laboratory,  and  soon  to  be  described  by  him,  was  used 
to  good  advantage  and  all  of  the  comparisons  were  repeated  with  the 
new  device.  The  hdghts  of  the  solutions  compared  varied  from  10  to 
100  mm.  and  settings  could  be  made  to  0.5  mm.  in  the  lower  range  and 
to  2  or  3  mm.  at  the  greatest  height. 

Sensitivity  of  Method. 

The  amounts  of  iron  which  were  present  in  our  materials  ranged  from 
0.001%  to  0.1%  FeaOf.  The  iron  content  for  the  most  part  fell  within 
the  range  of  0.005  to  0.02%  and  an  accuracy  of  25%  on  the  lower,  and  of 
10  to  15%  on  the  higher  amount  was  satisfactory.  On  a  10  g.  sample, 
0.01%  corresponds  to  i  mg.  of  ferric  oxide;  this  amount  of  oxide  in  25 
cc.  of  add  can  be  readily  determined  colorimetrically  within  10%. 

HMtner^  states  that  a  solution  containing  i  part  iron  in  100,000  pos- 
sesses a  significant  yellow  color.' 

It  has  been  found  in  this  study  of  the  color  that  a  solution  of  0.02  mg. 
of  ferric  iron  in  50  cc.  of  i :  i  hydrochloric  add  shows  a  detectable  color 
when  viewed  lengthwise  against  a  white  background  through  a  layer  iS 
mm.  in  hdght.  The  color  devdoped  by  ^/i  tiiis  quantity  of  iron  under 
the  same  conditkms  is  bardy  perceptible  even  when  compared  with  pure 
add  (i :  i).  This  sensitivity  is  ample  for  most  work,  but  when  neces- 
sary it  may  be  increased  by  using  more  concentrated  add,  or  by  adding 
caldum  diloride.* 

A  good  idea  as  to  the  intensity  of  this  coloration  may  be  had  from  the 
fact  that  the  color  intensity  of  a  peroxidized  titanium  solution  (devdoped 

>  Xoc.  cU.,  p.  346. 

*  Morgan,  in  a  study  of  Mene's  method  for  tin,  has  shown  that  the  amount  of 
ferric  chloride  necessary  to  produce  a  coloration  at  the  end-point  may  be  lessened  by 
viewing  a  Bunsen  flame  through  the  solution;  tmder  these  conditions  the  flame  takes 
on  a  greenish  ocAor  as  soon  as  a  trace  of  ferric  iron  in  excess  is  added,  and  0.035  ms-  of 
ferric  iron  in  25  cc.  may  be  detected  in  this  manner.  {J.  Anal.  App.  Chem.,  2,  169 
(1888).  Taken  from  Mellor,  A  Treatise  on  Quantitative  Inorganic  Analysis,  1913,  p. 
310.) 

*  Cf .  postea. 
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under  standard  conditions^  is,  approximately,  i6  times  die  intenaty  of 
ccdor  developed  by  an  equal  weight  of  iron  in  i :  i  hydrochloric  acid  when 
the  height  of  the  iron  solution  (containing  0.5  mg.  of  ferric  oxide  per 
cc.)  is  about  100  mm.  This  test  was  very  kindly  made  by  my  colleague, 
Dr.  H.  E.  Merwin.  Exact  comparison,  however,  could  not  be  made 
since  the  hue  of  the  iron  solution  was  slightly  yellower  than  that  of  the 
titanium  solution.    Both  solutions  were  orange-yellow. 

Permanency  of  Color. 

Amy  and  Ring^  state  that  the  original  acidulated  solution  of  ferric 
chloride  neither  fades  nor  precipitates  to  a  perceptible  degree  within  two 
years.  Experiments  carried  out  in  the  course  of  this  study  showed 
definitely  that  no  change  of  color  took  place  within  2  or  3  weeks,  and 
although  longer  time  tests  were  not  made  it  is  probable  that  the  colors 
6i  acidified  ferric  chloride  solutions  are  fully  as  stable  as  stated  by  the 
above  mentioned  authors. 

Relative  Color  Intensity. 

The  term  * 'relative  color  intensity"  used  here  is  defined  as  the  ratio 
of  the  depth  of  the  standard  solution  to  the  depth  of  the  test  solution 
when  matched.  Expressed  otherwise,  it  is  the  color  intensity  developed 
by  a  quantity  of  iron  under  certain  conditions,  as  compared  to  the  color 
intensity  developed  by  the  same  amount  of  iron  under  the  standard 
conditions.  The  solution  used  as  a  standard  is  defined  by  the  concen- 
trations of  iron  and  of  add  at  a  given  temperature;  these  conditions  are 
expressed  on  the  graphs  in  Pigs,  i  to  4. 

Effect  of  Temperature  upon  Color  Intensity. 
The  effect  of  temperature  upon  the  color  developed  by  ferric  iron  in 
hydrochloric  add  was  studied  by  comparing  the  color  developed  in  a 
standard  add  solution  hdd  at  30^  with  the  color  of  another  portion  of 
the  same  solution  heated,  or  cooled,  to  some  other  temperature.  The 
color  intensity  increases  with  devation  of  teniperature  and  it  was  also 
found  that  the  relative  increase  depends  upon  the  concentration  of  iron 
in  the  solution — the  more  concentrated  the  iron  solution  the  greater  the 
increase  produced  by  a  given  temperature  rise  until  a  concentration  of 
0.5  mg.  of  iron  per  cc.  is  reached,  after  which  doubling  the  concentration 
causes  very  Uttle,  if  any,  change  in  the  temperature  coeffident.  The 
measurements  made  in  this  series  of  tests  are  subject  to  two  errors  which 
could  have  been  avoided  only  by  the  devdopment  of  special  apparatus. 
The  first  error  was  that  caused  by  the  temperature  changing  during  a  com- 
parison, and  the  second  was  the  formation  of  a  mist  in  the  tube  above 
the  hot  solution  developed  by  the  condensation  of  hydrochloric  add  and 
>  H.  E.  Merwin,  Am.  J.  Set.,  28,  1 19-125  (1909). 
*  Loc.  cit. 
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moisture.    The  curves  shown  in  Pig.  i  are  the  most  representative  that 
could  be  passed  through  points  deviating  by  as  much  as  15%  (maximum). 
The  standard  color  for  (each  series  was  the  color  produced  by  the  same 
amount  of  iron  in  hydrochloric  add  (18.8%  HCl)  held  at  30^. 
d 


SAn^rj/s 


'i'i'i'i'i'A'^^ 


Pig.  I. — Showing  the  change  of  color  intensity  with  temperature  for  hydrochloric  acid 
solutions  of  ferric  chloride  containing  different  concentrations  of  iron. 
The  color  developed  at  30°  is  taken  as  the  standard  for  each  solution  studied. 
The  temperature  coefficient  increases  with  the  iron  concentration.  All 
solutions  were  made  up  in  18.8%  HCl. 

From  the  slopes  of  the  curves  near  30*^  the  temperature  coefficient  is 
found  to  be  approximately  1.7%  per  degree  for  dilute  solutions  con- 
taining up  to  0.1  mg.  of  iron  per  cc.;  that  for  solutions  containing  0.2  mg. 
of  iron  per  cc.  the  coefficient  is  2.3%  per  degree,  while  for  solutions  con- 
taining 0.5  mg.  or  more  per  cc.  the  coefficient  rises  to  2.9%  per  degree. 

The  coefficients  just  given  are  approximate  values  obtained  under  the 
conditions  described  and  apply  only  to  the^e  conditicms.  It  is  quite 
probable  that  the  coefficient  changes  with  add  concentration  and  the 
curves  <rf  Pig.  2  shortly  to  be  described  support  this  view.  It  is  also 
probable  that  there  is  a  time  lag  in  the  change  of  color  on  heating  or 
cooling. 

We  may  note  here  that  Miiller^  fotmd  that  an  elevation  of  30°  in- 
creased the  color  intensity  of  a  ferric  chloride  scdution  from  i  to  1.4  or 
1.5,  a  result  which  agrees  well  with  those  plotted  in  Curve  B. 

Dependence  of  Color  Intensity  upon  Acid  Concentration. 

Effect  of  Hydrochloric  Acid. — It  is  a  matter  of  common  observation 
that  the  intensity  of  the  color  developed  by  a  certain  amount  of  ferric 
*  A.  Mulkr,  Pogg.  Ann.  Ergdnzungs-b.,  6,  1 23-1 41  (1874). 
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iron  in  hydrochloric  add  depends  upon  the  concentration  of  the  acid. 
Muller^  pointed  out  in  1874  that  the  color  intensity  of  a  feebly  acidified 
solution  of  ferric  chloride  decreases  by  dilution  with  water  more  rapidly 
than  in  a  strictly  inverse  proportion  to  the  increase  of  volume.  He  also 
showed  that  hydrochloric  add  increases  the  "specific  intensity"  of  ferric 
chloride  solutions.  Hdttner  made  a  study  of  the  effect  of  add  concen- 
tration on  the  color  intensity  and  found  that  the  intensity  passed  through 
a  maximum  at  about  28%  HCl.  He  carried  out  this  test  at  18°,  using 
a  solution  containing  i  part  of  iron  to  20,000.  His  results,  recalculated 
to  another  addity  basis,  are  shown  in  the  dotted  curve  on  Fig.  2,  which 
also  gives  some  values  obtained  in  my  repetition  of  his  work.  The  agree- 
ment is  quite  satisfactory.*  It  is  interesting  to  call  attention  here  to 
the  lower  intensification  obtained  at  a  higher  temperature  as  shown  by 
the  curve  for  27°. 
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Pig.  2. — Showing  the  change  of  color  intensity  as  the  concentration  of  hydrochloric 
acid  increases.  The  broken  line  gives  the  results  obtained  by  Hfittner 
recalculated  to  a  different  standard.  Note  the  change  of  relative  intensifica- 
tion produced  by  a  change  of  temperature.  The  color  produced  in  acid  of 
constant-boiling  composition  is  taken  as  the  standard. 

In  this  detailed  Study  of  the  effect  of  hydrochloric  add  on  the  color 
intensity,  iron  solutions  containing  various  concentrations  of  add  were 
matched  against  an  iron  scdution  made  up  in  constant-boiling  hydro- 
chloric add  (20.24%  HCl)*  containing  the  same  amount  of  iron.  The 
results  obtained  in  this  test  are  shown  in  Fig.  3 ;  they  may  be  summarized 
as  follows:  (i)  The  relative  color  intensity  increases  from  about  0.20  at 
9%  add  to  1.4-2.4  at  higher  acidities  (26  to  30%  HCl)  and  then  decreases 

»  hoc.  cU. 

*  The  add  available  was,  unfortunately,  not  sufficiently  concentrated  to  permit  the 
covering  of  the  entire  range  studied  by  Htittner.  The  label  on  the  bottle  claimed  a 
sp.  gr.  of  x.x8  to  X.19  and  an  acid  content  of  35.5  to  37.5  HCl,  but  actually  the  sp.  gr. 
(15/15)  was  found  to  be  only  1.172  corresponding  to  about  33.8%  HCl. 

«  Hulett  and  Bonner,  This  Journai.,  31,  39^-393  (1909). 
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as  the  acid  reaches  its  maximum  concentration.  (2)  Bdow  20.24%  HCl 
(taken  as  the  standard),  the  relative  intensity  change  is  independent  of 
the  iron  concentration,  but  above  this  concentration  the  change  produced 
depends  upon  the  amount  of  iron  present.  A  solution  containing  0.5 
mg.  of  iron  per  cc.  reaches  a  maximum  colcn*  int^isity  of  2.4;  a  solution 
containing  0.2  mg.  iron  per  cc.  goes  through  a  maximum  of  1.9,  while  a 
dilute  solution  containing  0.007  ^^*  P^  ^*  nses  only  to  1.5  in  compar- 
ison with  the  color  developed  by  these  amounts  ci  iron  in  20.24%  HCl. 
(3)  The  add  concentration  at  which  the  maximum  development  of  color 
intensity  takes  place  likewise  depends  upon  the  concentration  of  iron. 
For  the  dilute  solution  containing  only  0.007  ™g^-  ^^^  P^  ^*  ^^  max- 
imum is  reached  at  about  26%  acid;  with  higher  iron  concentrations  the 
maximum  takes  i^ace  at  successively  higher  acid  concentrations  reaching 
over  30%  when  the  iron  present  amounts  to  0.5  mg.  per  cc. 
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Pig.  3. — lowing  how  the  intensificatioii  caused  by  increase  of  acidity  depends  upon 
the  concentration  of  iron.  The  standard  color  is  that  produced  by  the  given 
concentration  of  iron  in  constant-boiling  hydrochloric  add. 


The  advantage  of  the  increase  of  intensity  gained  by  working  at  high 
acidities  is  coily  apparent  because  of  the  fact  that  the  relative  inten^fica- 
tion  is  a  function  of  the  iron  concentration.  However,  at  20%  acid 
concentration  this  criticism  no  longer  applies  and  this  is  the  add  com- 
position actually  used  in  the  final  method.  The  disadvantage  of  work- 
ing in  a  region  where  the  color  intensity  is  changing  rapidly  with  add 
concentration — as  in  the  neighborhood  of  20%  add — is  more  than  coun- 
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terbalanced  by  the  fact  that  such  solutions  of  hydrochloric  acid  are  very 
near  the  constant-boiling  ratio  and  consequently  may  be  boiled  with 
little  change  in  concentration.  Inasmuch  as  soluticms  of  materials  must 
almost  invariably  be  boiled  in  order  to  insure  the  comfdete  solution  of 
particles  of  iron  scale,  the  use  of  this  add  is  decidedly  advantageous. 

The  composition  of  constant-boiling  hydrochloric  add  changes  very 
little  with  factors  affecting  the  boiling  point  such  as  change  of  barometric 
pressure.^  Furthermore,  hydrochloric  acid  of  the  constant-boiling  com- 
position has  very  little  odor  compared  to  the  more  concentrated  add, 
the  use  of  which  may  be  extremely  disagreeaUe,  especially  when  the 
humidity  is  high. 

While  I :  i  add  made  up  from  the  usual  concentrated  add  is  sufficiently 
near  the  constant-boiling  composition  for  practical  purposes,  the  concen- 
tration of  the  add  used  should  be  checked  by  actual  test,  and  failure  to 
do  so  may  lead  to  large  errors.  A  very  convenient  method  for  doing 
this  is  to  determine  the  density  of  the  add.  Hulett  and  Bonner*  give 
[DI^]  as  1.09620,  and  the  concentration  as  20.242%  HCl.  The  table  of 
W.  C.  Ferguson*  gives  the  spedfic  gravity  corresponding  to  this  con- 
centration as  1.1012  at  15.55®  referred  to  water  at  15.55**. 

Effect  of  Sulfuric  Acid. — Inasmuch  as  sulfuric  add  might  conceivably 
be  present  in  many  test  solutions  the  effect  of  this  add  on  the  color  of 
ferric  iron  in  1:1  hydrochloric  add  was  studied.  Ferric  sulfate  solu- 
tions are  not  so  highly  colored  as  those  of  the  chloride,  and  a  bleaching 
effect  from  the  addition  of  sulfuric  add  would  not  have  been  unexpected. 
It  was  found,  however,  that  the  influence  of  sulfuric  add  was  similar 
to  that  of  more  hydrochloric  add,  namdy,  to  intensify  the  color  up  to 
a  certain  region  and  then  to  cause  a  fading,  the  maximum  intensity 
appearing  within  the  range  10  to  15  cc.  of  cone,  sulftuic  add  added  to  a 
solution  of  ferric  iron  in  i :  i  hydrochloric  add  contained  in  a  total  vol- 
ume of  50  cc.  It  is  probable  that  the  change  in  rdative  color  intensity 
caused  by  addition  of  sulfuric  add  is  a  function  of  the  iron  concentration, 
and  the  temperature. 

Dil.  sulfuric  add  was  also  added  to  the  i :  i  hydrochloric  add  solu- 
tion and  the  increase  of  color  developed  under  these  conditions  was  found 
to  be  approximatdy  equal  to  the  intensity  devdoped  by  equivalent 
additions  of  concentrated  add. 

Effect  of  Acetic  Acid. — It  was  not  necessary,  for  our  purposes,  to  study 
the  effect  on  this  color  produced  by  acetic  add.  An  observation  on  this 
effect  by  Mfiller  may  be  mentioned  here,  however.  He  states  that  the 
spedfic  intensity  of  the  color  of  a  ferric  chloride  solution  is  increased  by 

"  J.  Chem.  Soc.,  12,  128  (i860). 

*  Loc.  cU. 

*  Van  Nostrand's  Chemical  Annual  (Olsen),  1913,  p.  403. 
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the  addition  of  acetic  add  by  about  Vio  of  the  increase  caused  by  the 
addition  of  hydrochloric  add.^ 

Effect  of  Boric  Acid. — ^A  sdution  of  iron  in  i :  i  hydrochloric  add 
saturated  with  boric  add  showed  no  measurable  change  of  color  when 
compared  to  another  portion  of  the  same  iron  solution  free  from  boric 
add.    The  iron  solution  contained  2  mg.  of  Fe  per  cc. 

Effect  of  Salts  on  the  Color  Intensity. 

The  effect  of  salts  on  the  color  of  hydrochloric  add  solution  of  ferric 
chloride  was  studied  by  adding  the  salts  to  the  iron  solution  (made  up 
in  I :  I  hydrochloric  add)  and  comparing  the  color  of  the  resulting  solu- 
tion with  that  of  the  original.  The  salts  so  studied  were  those  which 
would  form  in  making  a  solution  of  the  common  raw  materials  for  optical 
glass  in  hydrochloric  add,  or  which  might  be  added  in  the  course  of  an 
analysis.  Owing  diiefly  to  the  limited  scdubiUty  in  i :  i  hydrochloric 
add  of  some  of  the  salts  selected  the  effects  obtained  vary  considerably. 
K  condusions  may  be  drawn  from  such  limited  data  we  may  say  that 
the  dilorides  used  tend  to  increase  the  color  intensity;'  sulfates  decrease 
itt  whereas  add  sulfates  cause  very  little  change — ^the  effect  of  the  add 
neutralizing  the  bleaching  effect  of  the  sulfate.  The  iron  solution  con- 
tained 2  mg.  of  Fe  per  cc. 

Table  I. 

Effect  of  Salts  cm  Cdor  Intensity  of  Ferric  Chloride  m  (i :  i)  Hydrodiloric  Add. 
(Iron  present,  2  mg.  per  cc.) 

Concentra-       Color  intensity  oi  tolu- 
tion  of  salt,         tion  containing  salt. 
Salt.  g.  per  50  cc.  (Standard  «  1.) 

Cm/>smss: 

Ammoninm 5'  1.3 

Barium. Saturated  i  .0 

Calcium* 10  1.9 

Lead Saturated  1.3 

Potassium Saturated  i.a 

Sodium Saturated  1.2 

Potassium Saturated  0.7 

Potassium  pjnro-  (acidity^  34*6%) ....     Saturated  z  .0 

Sodium  add  (acidity  334) Saturated  z  .0 

Effect  of  Calcium  Chloride. — The  large  intensifying  effect  found  for 
calchun  chloride  may  be  attributed  primarily  to  the  fact  that  this  salt 
is  extremely  soluble.    Advantage  was  taken  of  this  fact  to  investigate 

*  A.  Mfiller,  Pogg.  Ann.  Ergdntungs-b.,  6,  262-275  (1874). 

'  Donnan  and  Bassett  (Loc.  cU.)  found  (qualitatively)  -  an  intensification  with 
calcium  and  magnesium  chlorides  but  a  bleaching  effect  with  zinc  and  mercuric  chlorides. 

*  Hydrated,  containing  about  75%  CaQt* 

^  Bzpressed  as  sulfuric  add;  values  taken  from  label. 

*  Nearly  saturated.    A  saturated  solution  could  not  be  used  on  account  of  the 
sepuatioii  of  mixed  OTstals  of  ferric  and  ammonium  diloride. 
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in  further  detail  the  effect  of  a  high  concentration  of  chloride  on  the 
color  being  studied.  This  was  done  by  adding  successively  larger  quan- 
tities of  the  salt  to  porticms  of  a  standard  iron  solution  and  comparing 
the  resulting  colors.  The  calcium  chloride  was  hydrated  to  the  extent 
of  25%  and  this  additional  water  content  was  considered  in  calculating 
the  acidity  of  the  final  solution.  Some  of  the  effects  found  in  the  earlier 
experiments  indicated  that  the  intensifying  effect  brought  about  by  cal- 
cium chloride  is  a  function  of  the  add  concentration  and  this  was  con- 
firmed by  the  final  series,  the  results  of  which  are  shown  in  Pig.  4.    The 
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Fig.  4. — Showing  the  efifect  of  caldum  chloride  on  the  change  of  color  intensity  caused 
by  vaiying  the  concentration  of  add.  AU  the  curves  have  been  made  by 
comparison  with  the  color  produced  by  0.2  mg.  of  ferric  iron  per  cc.  of 
constant-boiling  hsrdrochloric  add. 

curves  show  the  maxima  which  seem  to  be  characteristic  of  the  effect  oi 
add  on  the  color  but  the  maximum  occurs  in  more  dilute  add  as  the 
concentration  of  calcium  diloride  is  increased.  It  is  quite  probable 
that  the  increase  of  intensification  caused  by  the  chloride  depends 
also  on  the  iron  concentration. 

The  results  obtained  on  the  action  of  salts  on  the  color  intensity  of 
ferric  chloride  solutions  indicate  that  correction  should  be  made  for  the 
change  of  intensity  caused  by  the  salt,  or,  more  accuratdy,  the  standard 
should  be  made  up  with  equivalent  quantities  of  the  salt.  The  results 
given  by  Hiittner  on  the  iron  contents  of  certain  metals,  such  as  tin  and 
zinc  which  form  very  soluble  chlorides,  may  be  too  high  because  of  the 
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intensifymg  effect  of  the  chlorides,  which  apparentty  was  not  recognized 
by  HMtnei^    The  addition  of  calcium  chloride,  if  iron-free  material  is 
available,  furnishes  a  simple  method  of  increasing  the  color  intensity  for 
a  given  amount  of  iron,  which  may  be  useful  in  certain  cases. 
Interfering  Substances. 

It  is  obvious  that  colored  metallic  chlorides  must  be  absent  from  the 
solution  to  be  compared  for  color.  In  such  cases  the  iron  must  first  be 
separated  from  sudi  metals  and  the  procedure  to  be  used  for  this  sepa- 
ration will  depend  upon  the  nature  of  the  interfering  substance.  The 
iron  must  also  be  separated  from  nitrates  before  color  comparison  can 
be  made  since  the  interaction  between  strong  hydrochloric  add  and  the 
nitrate  would  form  colored  products  which  would  obviously  interfere. 
In  these  cases  the  iron  is  conveniently  precipitated  from  the  solution  by 
ammonia  after  the  addition  of  alum  solution.  The  aluminous  precip- 
itate carries  the  iron  hydroxide  with  it;  the  precipitate  is  readily  filtered 
off  and  is  dissolved  in  i :  i  hydrochloric  add. 

It  has  also  been  found  that  samples  of  salts  will  frequently  contain 
organic  matter,  sometimes  in  the  form  of  wood  fibers,  or  diips,  which 
will  develop  a  deep  yellow  color  when  boiled  with  hydrochloric  add.  To 
avoid  this  difficulty  the  iron  should  be  predpitated  with  ammonia  after 
an  the  iron-bearing  scale  has  been  dissolved  in  add;  the  predpitate  is 
dissolved  off  the  filter  in  cold  add  which,  for  the  short  time  of  contact, 
does  not  acquire  color  from  the  organic  matter  caught  on  the  filter. 

If  the  iron  is  not  fully  oxidized  it  must  be  changed  to  the  ferric  con- 
dition by  treatment  with  an  oxidizing  agent.  Unfortunatdy,  this  adds 
another  complication  since,  if  excess  of  oxidizer  is  added,  other  products, 
such  as  chlorine,  are  liberated  which  interfere  with  the  colorimetric  deter- 
mination because  of  the  additional  color  produced  thereby. 

In  case  it  is  necessary  to  oxidize  the  iron  it  may  be  done  with  nitric 
add,  hydrogen  peroxide,  etc.,  after  which  the  iron  must  be  predpitated 
with  ammonia,  altun  solution  having  previously  been  added.  Hfittner 
treats  the  solution  with  potassium  chlorate,  boiUng  off  the  excess  of  free 
dilorine. 

Solution  of  Iron  Scale. 

Iron  may  exist  as  an  impurity  in  salts  and  oxides  in  several  forms, 
and  failure  to  recognize  the  nature  of  the  iron-bearing  material  may  lead 
to  large  errors  in  the  determination  of  this  dement.  Precautions  sim- 
ilar to  those  found  to  be  necessary  in  an  exact  determination  of  iron  in 
sand^  for  instance,  are  not  confined  to  mineral  products  and  may  be  used 
to  illustrate  the  importance  of  knowing  the  nature  of  the  iron-bearing 
materials,  if  these  are  to  be  decomposed  and  the  iron  content  determined. 
In  most  salts  and  oxides  iron  was  found  to  be  present  to  a  greater  or  less 
^  J.  B.  Ferguson,  /.  Ind.  Eng.  Ckem,,  9,  94i~943  (191 7)« 
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extent  as  "scale"  derived  from  iron  apparatus  tised  in  the  manufacturing 
processes.  This  scale  is  essentially  an  oxide  of  ircm  and  is  v^y  resistant 
to  the  action  of  sulfuric  and  nitric  adds  which  dissolve  it  very  slowly. 
Hydrochloric  add,  on  the  other  hand,  will  dissolve  this  scale  if  the  action 
takes  place  at  an  elevated  temperature  and  is  suffidently  prolonged. 
The  presence  of  this  scale  can  be  readily  demonstrated  in  many  salts 
by  dissolving  from  lo  to  loo  g.  of  the  salt  in  water  or  in  dil.  add  and 
examining  the  slight  residue  which  usually  remains.  This  is  a  severe 
test  and  many  highly  purified  chemical  reagents  will  show  in  a  concen- 
trated solution  of  this  kind  fordgn  material  suspended  throughout  the 
solution  or  on  the  bottom  of  the  beaker.  The  iron  scale  is  usually  mag- 
netic and  test  with  a  hand  magnet  will  demonstrate  its  presence. 

The  fact  that  iron  scale  of  this  sort  is  not  readily  dissolved  by  nitric 
or  sulfuric  adds  indicates  at  once  that  analytical  methods  which  decom- 
pose the  sample  with  these  adds  will  give  low  results  for  iron  if  no  further 
precautions  are  taken.  This  has  actually  been  found  to  be  the  case  in 
certain  materials — our  results,  obtained  in  hydrochloric  add  solution, 
being  higher,  frequently  by  many  times,  than  those  found  by  the  manu- 
facturer of  the  chemical. 

Iron  occurring  as  the  salt  of  the  add  present  in  the  chemical  may  in 

general  be  brought  into  solution  by  adds  other  than  hydrodiloric  but 

our  experience  indicates  that  one  must  alwa3rs  assume  the  presence  of 

iron  scale  and  consequently  take  precautions  to  insure  its  decomposition. 

Results  Obtained  with  this  Colorimetric  Method. 

A  few  results  may  be  quoted  here  to  show  the  agreement  obtained  with 
the  hydrodiloric  add  coIot  method  for  total  iron  and  the  dectrometric 
method^  on  the  same  material.  It  is  a  pleasure  to  acknowledge  h^e  the 
assistance  of  Mr.  E.  C.  Baum,  of  the  Armour  Fertilizer  Works,  in  mak- 
ing these  analyses. 

Tabui  n. 
Total  Iron  as  FetOt. 

Material.                                         Blectrometric.  Colorimetric. 

0.046%  I 

Potassium  carbonate 0.041      >  0.040% 

0.042      J 

Potassium  carbonate 0.032  0.030 

Potassium  carbonate 0.022  0.020 

Potas^um  carbonate 0.0276  0.028 

Potassium  carbonate 0.0090  o.ozo 

Precipitated  silica o. 251  o. 250 

Summary. 
Conditions  have  been  found  under  which  the  yellow  color  developed 
by  dissolving  ferric  iron  in  hydrochloric  add  may  be  used  for  the  deter- 
^  J.  C.  Hostetter  and  H.  S.  Roberts,  T&is  Journai*,  41, 1337-1357  (1919). 
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minatioii  of  iron.  The  temperature  coeffident  for  this  color  varies  from 
2  to  3%  per  degree  depending  on  the  concentration  of  iron  and  probably 
also  on  the  acidity.  The  color  developed  by  a  given  amount  of  iron 
varies  with  the  add  concentration,  reaching  the  maximtmi  intensity  at 
from  26  to  28%  HCl.  The  relative  increase  produced  by  add  is  greater 
the  higher  the  concentration  of  iron;,  this  is  espedally  true  above  20% 
HCl,  but  bdow  this  concentration  the  relative  change  is  independent  of 
the  iron  content.  Inasmuch  as  solutions  must  frequently  be  boiled  in 
order  to  insure  the  complete  solution  of  iron  present  as  "scale"  the  use 
of  constant-boiling  add  is  recommended  and  its  use  has  been  found  to 
be  altogether  satisfactory.  The  effects  of  salts  on  the  color  indicate  that 
sulfates  cause  bleaching,  and  chlorides  intensification;  detailed  study  of 
the  effect  of  the  very  soluble  caldum  chl(»ide  shows  that  an  intensification 
of  2.5  may  be  attained  by  the  addition  of  this  salt,  oxisequently  when 
testing  for  iron  in  a  very  soluble  chloride  the  standard  iron  solution  must 
be  made  up  to  possess  the  same  salt  concentration. 

Some  applications  of  the  method  are  given  and  certain  results  presented. 

WAsmioTON,  D.  C. 
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In  recent  papers^  I  have  described  a  theory  of  valence  which  I  have 
called  the  octet  theory.  This  theory  is  based  upon  and  is  essentially  an 
extension  of  G.  N.  Lewis'  theory  of  the  "cubical  atom."*  According  to  this 
theory  each  bond  between  adjacent  atoms  in  organic  compounds  corre- 
sponds to  a  pair  of  dectrons  hdd  in  common  by  the  two  atoms.  Since 
in  other  t3rpes  of  compotmds  the  number  of  pairs  of  dectrons  hdd  in  com- 
mon is  not  always  the  same  as  the  number  of  valence  bonds  that  have 
usually  been  assumed  I  proposed  that  the  number  of  pairs  of  dectrons 
which  any  given  atom  shares  with  the  adjacent  atoms  be  called  the 
covalence  of  that  atom.  It  was  then  shown  that  the  covalence  of  carbon 
is  always  4,  that  of  nitrogen  is  usually  3  or  4,  while  that  of  oxygen  is  i,  2 
or  sometimes  3,  etc. 

The  octet  theory  indicates  that  the  number  and  arrangement  of  dec- 
trons in  the  nitrogen  molecule,  the  carbon  monoxide  molecule,  and  the 

^  A  simpler  ezpositioii  of  the  theory  and  its  applications  is  given  by  £lwcx>d 
Hendrick,  Met.  Chem.  Eng,,  21,  73  (1919),  July  15th;  Langmuir,  /.  Frank.  Inst., 
187,  359  (1919);  Tras  Journal,  41,  868-934  (1919);  Proc.  Nat.  Acad.  Set.,  Si  252 
(1919). 

*  G.  N.  Lewis,  This  Journai^  38,  762  (19x6). 
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cyanogen  ion,  is  the  same,  and  it  was  shown  in  fact  that  the  physical 
properties  of  nitrogen  and  carbon  monoxide  are  remarkably  alike. 

A  similar  relationship  was  found  to  exist  between  nitrous  oxide  and 
carbon  dioxide  and  again  between  cyanic  and  hydronitric  add. 

The  following  data,  taken  from  Landdit-Bomstein's  tables  and  Abegg's 
handbook,  show  the  extraordinary  agreement  between  ph3rsical  properties 
of  carbon  dioxide  and  nitrous  oxide: 

NiO.  COj. 

CMtical  pressure,  atm 75  77 

Critical  temp 354*  3i-9' 

Viscosity  at  20® 148  X  lo"*  148  X  10 "« 

Heat  conductivity  at  100** 0.0506.  0.0506 

Density  of  liquid  at  — 20** 0.996  i  .031 

Density  of  liquid  at  -j-io** 0.856  0.858 

Refractive  index  of  liquid,  D  line,  16** i .  193  i .  190 

Dielectric  constant  of  liquid  at  0° 1-598  i  .582 

Magnetic  susceptibility  of  gas  at  40  atm.,  16° o.  12  X  10 ~*  o.  12  X  io~* 

Solubility  in  water  o** i  .305  i .  780 

Solubility  in  alcohol  at  15® 3 .25  3 .  13 

Both  gases  form  hydrates,  N80.6H80  and  CO1.6H8O.  The  vapor  pres- 
sure of  the  hydrate  of  nitrous  oxide  is  5  atm.  at  — 6®,  whereas  the  hydrate 
of  carbon  dioxide  has  this  vapor  pressure  at  — 9^.  The  heats  of  formation 
of  the  two  hydrates  are  given,  re^)ectively,  as  14900  and  15000  calories 
per  mol.  The  surface  tension  of  Uquid  nitrous  oxide  is  2.9  dynes  per 
cm.  at  12.2°,  while  carbon  dioxide  has  this  same  surface  tension  at  9.0^. 
Thus  nitrous  oxide  at  any  given  temperature  has  properties  practically 
identical  with  those  of  carbon  dioxide  at  a  temperature  3^  lower. 

There  is  one  property,  however,  which  is  in  marked  contrast  to  those 
given  above.  The  freezing  point  of  nitrous  oxide  is  — 102*^,  while  that  of 
carbon  dioxide  is  — ^56^.  This  fact  maybe  taken  as  an  indication  that  the 
freezing  point  is  a  property  which  is  abnormally  sensitive  to  even  slight 
differences  in  structure.  The  evidences  seem  to  indicate  that  the  mole- 
cule of  carbon  dioxide  is  more  symmetrical,  and  has  a  sUghtly  weaker 
external  field  of  force  than  that  of  nitrous  oxide.  Such  differences  could 
easily  be  produced  by  the  difference  in  the  charges  on  the  kernels,  and 
may  also  be  taken  as  evidence  that  the  structture  of  nitrous  oxide  is  repre- 
sented by  N  =  N  =  O  rather  than  N  =  O  =  N. 

Compotmds  showing  a  relationship  to  one  another  like  that  between 
carbon  dioxide  and  nitrous  oxide  will  be  called  isosteric  compotmds,  or 
isosteres.  These  terms,  however,  are  not  to  be  restricted  to  chemical 
compotmds  but  are  applicable  to  chemical  radicals  or  to  groups  of  atoms 
which  hold  pairs  of  electrons  in  common.  A  comolecule  is  defined  as  a 
group  of  atoms  held  together  by  pairs  of  electrons  shared  by  adjacent 
atoms.  Comolecules  are  thus  isosteric  if  they  contain  the  same  ntunber 
and  arrangement  of  electrons.    The  comolecules  of  isosteres  mtist,  there- 


Digitized  by 


GooQle 


ISOMORPHISM,  ISOSTERISM  AND  COVALENCE.  I545 

fare,  contain  the  same  number  of  atoms.  The  essential  differences  be- 
tween isosteres  are  confined  to  the  charges  on  the  nuclei  of  the  constituent 
atcnns.  Thus  in  carbon  dioxide  the  charges  on  the  nudei  of  the  carbon 
and  oxygen  atoms  are  6  and  8,  respectively,  and  there  are  2  X  8  +  6  = 
22  electrons  in  the  molecule.  In  nitrous  oxide  the  number  of  charges  on 
the  nitrogen  nudei  is  7,  but  the  total  number  of  dectrons  in  the  molecule 
is  again  2  X  7  +  8  ^^  22.  The  remarkable  similarity  of  the  physical 
properties  of  these  two  substances  proves  that  their  electrons  are  arranged 
in  the  same  maimer. 

According  to  the  object  theory  we  may  expect  the  following  types  of 
isosteres: 

Table  I. 
List  of  Isosteres. 
Type. 

I H  -  He.  Li + 

2 0--  F-.  Ne,  Na+  Mg++  A1+++ 

3 S— .  a-  A,  K+  Ca++ 

4 Cu+  Zn++ 

5 Br-  Kr,  Rbi^  Sr++ 

6 Ag+  Cd++ 

7 I-,  Xe,  Cs+  Ba++ 

8 N2,CO,  CN- 

9 CH4,NH4+ 

10.. COi.  NA  N,-  CNO- 

II N0|-  COj— 

12 NOx"  Of 

13 HF.  OH- 

14 CK>4-,  SO4— .  PO4 

15 C10|-  SOi— ,  PO» — 

16 SOi,  POi- 

17 SjOf— .  p,o« 

18 S1O7— ,  P1O7 

19 ; S1H4.PH4+ 

20 Mn04"  Cr04 — 

21 Se04 — ,  Aa04 

All  the  comolecules  given  imder  any  one  type  are  isosteric  with  one 
another. 

When  isosteric  comolecules  are  also  isoelectric,  that  is  when  they  have 
the  same  total  charge  on  the  comolecules,  all  their  physical  properties 
should  be  dosely  similar.  In  Table  I  the  only  pairs  of  comolecules  which 
are  also  isoelectric  are:  (8)  Nj  and  CO,  (loa)  CO2  and  NjO,  and  (106) 
N,-  and  NCO". 

I  have  already  pointed  out  that  the  physical  properties  of  the  first  two 
pairs  of  substances  (8  and  loa)  furnish  proof  of  the  similarity  of  struc- 
tiu"e  predicted  by  the  octet  theory,  and  show  the  usefulness  of  the  concep- 
tion of  isosterism. 

The  isosterism  of  the  cyanate  and  trinitride  ions  applies  of  course  also 
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to  compounds  derived  from  them.  Thus  we  should  expect  HNCO  and 
HNs  to  be  isosteric  as  well  as  pairs  of  compounds  such  as  KNCXKEZNt, 
Ba(NCO)r-Ba(N,)t,  etc. 

There  are,  unfortunately,  very  few  data  on  the  physical  properties  of 
cyanates  and  trinitrides.  Both  cyanic  and  hydronitric  adds  are  liquids 
at  o^  and  both  explode  on  heating.  .Apparently  the  freezing  point  of 
cyanic  add  has  not  been  determined.  In  a  general  way  the  solubilities 
of  the  salts  of  these  two  adds  are  known  to  be  similar;  the  potassium  and 
the  barium  salts  of  both  adds  are  readily  soluble  in  water,  while  the  lead 
and  silver  salts  are  very  difficultly  soluble. 

Groth^  gives  the  following  crystallographic  data  for  anhydrous  potas- 
situn  cyanate  and  trinitride.  Both  bdong  to  the  tetragonal  system. 
The  ratio  of  the  axes  a  :  c  is  i  :  0.5766  for  the  cyanate  and  i  :  0.5798 
for  the  trinitride.  Both  have  "strong  negative  double  refraction."  The 
most  common  faces  of  both  crystals  are  given  as  C  (001)  and  O  (iii). 
Cleavage  was  not  observed  in  dther  case«  No  other  data  are  given  by 
Oroth  from  which  a  comparison  of  cyanates  and  trinitrides  can  be  made. 

From  the  octet  theory  and  the  above  data  it  is  therefore  safe  to  predict 
that  the  physical  properties  of  the  salts  of  cyanic  and  hydronitric  adds 
will  be  found  to  be  practically  identical.  This  resemblance  should  be 
at  least  as  dose  as  that  between  nitrous  oxide  and  carbon  dioxide  and 
should  cover  solubility  in  water,  in  alcohol,  etc.,  density  in  crystalline 
form  and  in  solutions,  viscosity  ol  solutions,  optical  and  magnetic  proper- 
ties, dectric  conductivily  of  solutions,  etc.  The  densities  should  be  alike 
because  the  molecular  weight  of  Ni  is  the  same  as  that  of  NCO. 

The  available  experimental  data,  although  meager,  are  suffident,  I 
think,  to  show  the  complete  isomorphism  of  cyanates  and  trinitrides. 
The  similarity  of  structure  thus  follows  directly  from  Mitsdierlidi's 
rule.    These  experimental  data  furnish  direct  evidence  against  such 

/N 

structural  formulas  as  K  — N<  II,  K  — N  =  N  =  N,  K  — O  — CsN, 

^N 

but  strongly  support  the  octet  theory  structures: 

K+  (N  «  C  =  O)-  and  K+  (N  =  N  =  N)- 
These  formulas  show  that  the  covalence  of  potassium  is  zero;  the  nitro- 
gen and  oxygen  in  the  cyanate  are  dicovalent,  while  in  the  trinitride  one 
of  the  nitrogens  is  quadricovalent  and  the  other  two  are  dicovalent.  These 
data,  as  far  as  they  go,  thus  constitute  experimental  proof  of  the  octet 
theory  of  valence.  Further  experimental  work  on  the  physical  proper- 
ties of  cyanates  and  trinitrides  is  highly  desirable. 

The  octet  theory  also  indicates  that  diazomethane  should  have  the 
structure  HjC  =  N  =  N  and  should  thus  be  isosteric  with  H|C  =  C  =  O, 
1  P.  Groth,  "Chemisdie  Krystallographie/'  Leipzig,  Part  l»  1906,  Part  II»  1908. 
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a  compound  apparently  not  given  in  Beilstein.  This  compound  should 
closely  resemble  diazomethane  in  all  its  ph3rsical  properties  such  as  freez- 
ing point,  vapor  pressure,  viscosity,  etc. 

No  direct  comparison  can  be  made  of  the  physical  properties  of  iso- 
steres  having  different  electric  charges.  Thus  we  should  not  expect  sodiimi 
salts  to  resemble  neon,  even  though  the  soditun  ion  is  an  isostere  of  the 
neon  atom — ^the  electric  force  around  the  ion  is  sufficient  to  account  for 
the  differences  in  physical  properties. 

There  is,  however,  another  way  in  which  the  actual  isosterism  of  co- 
molecules  with  different  charges  can  be  tested  from  experimental  data. 
It  is  evident  that  if  any  two  substances  are  very  much  alike  in  ph3rsical 
properties,  then  any  isoelectric  isosteres  of  these  substances  should  show 
similarly  dose  relationships  with  one  another.  For  example,  in  Types 
3  and  8  of  Table  I,  we  find  argon  dnd  nitrogen  resemble  each  other  closely. 
Therefore  the  chlorine  ion,  isosteric  with  argon,  should  have  a  dose  re- 
semblance to  the  cyanogen  ion  which  is  isosteric  with  nitrogen.  The 
striking  similarity  of  chlorides  and  cyanides  is  thus  directly  corrdated 
with  that  between  argon  and  nitrogen. 

In  an  exactly  similar  manner  the  dose  rdationahip  between  potassium 
salts  and  ammonium  salts  can  be  derived  from  the  similarity  between 
the  physical  properties  ci  argon  and  methane.  For  from  Table  I  (Types 
3  and  9)  the  potassium  ion  is  isosteric  with  argon,  while  the  ammonium  ion 
isaaiaopteBeofmrthaac  Of  coarse  the  pntitMinm  ion  and  the  acMnonittm 
ion  are  not  laooteres  of  one  another.  The  resemblance  between  potas- 
sium and  ammonium  salts  is  of  a  much  lower  order  than  that  between 
truly  isosteric  substances  such  as  nitrous  oxide  and  carbon  dioxide,  or 
between  salts  of  cyanic  and  hydronitric  adds.  The  octet  theory  indi- 
cates in  fact  that  the  potassium  ion  is  cubic  in  form,  while  the  ammonitun 
ion,  like  n^thane,  must  have  a  tetrahedral  symmetry.  This  condusion 
is  in  accord  with  the  crystal  structures  of  potassium  diloride  and  ammo- 
nium chloride.  Bragg^  has  found  that  in  potas^um  chloride  eadi  potas- 
sium ion  is  surrounded  by  6  equidistant  dilorine  ions,  arranged  just  as  if 
tibe  crystal  were  built  up  of  cubical  potassitun  and  dilorine  ions  with  their 
faces  in  contact;  but  finds  that  ammonium  chloride,  although  it  crystal- 
lizes in  the  isometric  system,  is  in  no  sense  isomorphous  with  the  other 
alkaline  haUdes.  Each  ammonium  ion  is  surrounded  by  8  equidistant 
dilorine  ions  arranged  like  the  comers  of  a  cube  about  its  center.  This 
indicates  that  the  tetrahedral  ammonium  ions  force  the  chlorine  ions  to 
arrange  themsdves  symmetrically  with  respect  to  the  4  faces  or  comers 
of  the  tetrahedron,  while  the  cubical  potassium  ions  permit  the  simpler 
cubic  paddng.    Ammonium  and  potassium  sulfates,  however,  are  iso- 

1 W.  H.  Bragg  and  W.  I^  Bragg,  "X*Rays  and  Crystal  Structure/'  London,  1916, 
pp.  95  and  158. 
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morphous,  for  the  larger  volume  of  the  sulfate  ion  causes  its  influence  to 
predominate  over  the  slight  differences  between  the  forces  around  the  two 
positive  ions. 

The  nitrates  and  perchlorates  of  all  metals  are  readily  soluble  and 
most  of  them  are  deliquescent.  From  this  similarity  of  properties  we 
may  conclude  that  the  other  isosteres  of  Types  11  and  14  of  Table  I 
should  be  interrelated.  Thus  carbonates  and  sulfates  should  show  a 
general  resemblance  to  each  other  in  their  solubilities. 

The  smaller  solubiUty  of  salts  of  divalent  ions  is,  of  course,  due  to  the 
greater  forces  holding  the  divalent  ions,  making  it  more  difficult  for  them 
to  separate.  The  process  of  solution  of  salts  involves,  according  to  the 
octet  theory,  the  separation  of  the  ions.  Thus  sulfates  and  carbonates 
of  most  metals  are  difficultly  soluble  compared  to  the  nitrates  and  per- 
chlorates. Salts  like  lead  and  baritun  carbonates  and  sulfates  in  which 
both  ions  are  divalent,  are  thus  particularly  difficultly  sc^Me. 

Boron  nitride,  which  consists  of  tervalent  ions,  has  still  greater  stability, 
and  is  infusible  and  insoluble  in  all  solvents. 

The  observed  differences  between  the  ordinary  properties  of  the  differ- 
ently charged  isosteres  are  thus  to  be  expected.  But  there  is  one  property, 
namely  crystalline  form,  which  should  depend  on  the  arrangement  of  the 
electrons  in  substances  rather  than  upon  the  ms^^nitude  of  the  forces  be- 
tween their  atoms.  By  a  comparison  of  crystal  forms  it  should  therefore 
be  possible  to  obtain  direct  evMence  oi  the  stmilarity  of  the  aii—gfatat 
of  the  electrons  in  isosteric  substances  even  if  the  duurges  on  the  oomole- 
cules  are  different. 

For  examine,  since  the  sodium  ion  and  the  fluorine  ion  are  isosteric 
and  cubic  in  form,  we  should  expect  them  to  pack  together  in  a  crystal 
lattice  in  exactly  the  way  that  Bragg  has  found  they  do.  The  magnesium 
and  oxygen  ions,  however,  are  also  isosteric  with  the  sodium  and  fluorine 
ions,  so  that  we  should  expect  magnesium  oxide  to  have  a  crystal  struc- 
ttu'e  identical  in  form  with  that  of  sodium  fluoride.  According  to  Groth 
both  substances  are  cubic,  sometimes  crystallizing  as  octahedra,  and  both 
show  good  deavage  parc^ld  to  the  (100)  plane.  To  answer  the  question 
thus  raised,  Dr.  A.  W.  Hull  has  studied  the  X-ray  patterns  obtained  with 
magnesitun  oxide  and  sodium  fluoride  and  has  thus  recently  found^ 
that  the  crystal  structures  of  both  substances  are  alike,  except  that  the 
atoms  in  magnesium  oxide  are  drawn  doser  together  by  the  greater 
forces.  Thus  magnesium  oxide  and  sodium  fluoride  should  be  looked 
upon  as  isomorphous.  By  the  octet  theory  the  covalences  of  all  the 
atoms  in  these  substances  are  zero,  since  they  do  not  share  dectrons 
with  each  other.  The  isomorphism  is  thus  in  full  accord  with  Mitsdier- 
lich's  rule  by  which  isomorphous  substances  should  have  similar  struc- 
*  Soon  to  be  published. 
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tures.  Since  the  ions  O — ,  F",  Na+  and  Mg++  are  isosteric  we  should 
also  expect  that  MgFs  and  NasO  should  be  isomorphous.  Groth  states 
that  sodium  oxide  has  not  been  obtained  in  the  form  of  well  developed 
crystals.  However,  by  Hull's  method  of  X-ray  analysis,  substances 
can  now  be  studied  in  powdered  form  so  that  we  may  hope  to  see  whether 
in  fact  these  two  substances  are  isomorphous.  Other^  pairs  of  substances 
which  may  beisomorphousare  potassium  chloride  and  calcium  sulfide,  potas- 
sium sulfide  and  calcium  chloride,  cuprous  sulfide  and  zinc  chloride,  etc. 

A  still  more  interesting  class  of  isomorphous  substances  which  are  pre- 
dicted by  the  octet  theory  is  that  re^n-esented  by  sodium  nitrate  and  cal- 
cium carbonate.  Since  the  nitrate  and  carbonate  ions  are  isosteric  we 
should  expect  sodium  nitrate  and  magnesium  carbonate  to  be  isomorphous, 
Na**"  and  Mg++  being  isosteric.  As  a  matter  of  fact,  both  substances 
are  given  by  Groth  as  trigonal  scalenohedral  with  the  ratio  of  the  axes 
I  10.8297  and  I  :  0.8095,  respectively. 

The  practical  identity  in  all  the  crystallographic  properties  of  sodium 
nitrate  and  calcium  carbonate  has  long  been  known.  In  Mitscherlich's 
early  theory  before  dear  ideas  of  valence  were  developed,  no  difficulty 
was  experienced  in  regarding  these  two  substances  as  isomorphous  and 
as  having  similar  structtu^es.  The  theory  of  valence,  however,  gave  for- 
mulas Ca\^   yC  =  O  and  Na  —  O  —  nC    ,  so  that  they  could  no 

longer  be  regarded  as  of  similar  structiure.  It  was  necessary  either  to 
abandon  Mitscherlich's  rule  or  to  re-define  isomorphism  so  as  to  exclude 
cases  of  this  kind.  Therefore  Kopp^  and  Retgers*  regarded  sub- 
stances as  isomorphous  only  when  they  are  capable  of  forming  mixed 
crystals.  This  effectually  eliminated  such  cases  as  sodium  nitrate 
and  calcium  carbonate  because  mixed  crystals  can  naturally  only  be 
obtained  when  the  solubilities  of  the  two  substances  are  not  too  widely 
different.  The  crystal  form  depends,  of  course,  exclusively,  on  the  ar- 
rangement of  the  atoms  and  the  electrons  in  them,  while  the  ability  to 
form  mixed  crystals  depends  on  both  similarity  of  arrangement  and  on 
similarity  in  the  magnitude  of  the  forces  acting  between  the  atoms.  Thus 
Kopp  found  a  practical  rule  by  which  nearly  all  those  cases  inconsistent 
with  the  ordinary  valence  theory,  could  be  excluded.  In  order  to  be  iso- 
morphous in  Kopp's  sense,  two  substances  must  have  atoms  which  are 
not  only  linked  together  in  the  same  manner,  but  also  have  the  same  ntun- 
ber  of  available  electrons  in  corresponding  atoms. 
T.  V.  Barker,'  however,  and  a  few  others  crystallographers  have  main- 

>  Ber.,  12,  868  (1879). 

*  Z.  physik,  Chem.,  3,  497  (1889),  and  later  papers  in  1889  to  1896. 

"  Trans.  Chem.  Soc,  loi,  2484  (1912)- 
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tained  tliat  isomorphism  should  be  used  to  denote  similarity  oi  crystal 
form.  Barker  pointed  out  a  great  many  new  cases  of  isomorfdnsm  be- 
tween substances  which  according  to  the  ordinary  valence  theory  are  not 
closely  related.  Among  these  he  mentions  as  t3rpes  KIOr-CaW04; 
KC10«-BaS0r-KBF4;  KiSOr-KiBep4;  and  NaNOr<iaCO|.  He  shows 
how  these  cases  of  isomorphism  are  inconsistent  with  the  ordinary  valence 
theory,  but  are  in  a  general  way  in  agreement  with  Werner's  codrdination 
theo|y. 

By  examining  Table  I  it  is  evident  that  we  should  expect  the  following 
cases  of  isomorphism  of  the  kind  just  considered: 

Table  II. 
Typical  Cases  of  Isomorphism  Based  on  Isosterism. 

Type.   Table  I. 

2 (a)  NaF-MgO;  (b)  MgFr-Na,0 

3 (a)  KO-CaS;  (6)  CaOr-K^ 

5 (a)  RbBr-SrSe;  (c)  SrBrr-RbiSe 

7 (a)  CsI-BaTe;  (c)  Balf-CsiTe 

8 Nr-CO 

lo KNCO-KNi,  etc. 

II (a)  NaNCM:aCX)« ;  ( b)  KNOr-SrCX), 

14 (a)  Ka04-«rS04;  (b)  NaHS0«-CaHP04 

(c)  KHS04-«rHP04 

15 (a)  NaCKVCaSOi;  (6)  KHSOr-SrHPO, 

17 NatSiOi-CaJ>jOi 

1 8 NatSiOr-CaJPiOi 

20 RbMn04-BaCiO4 

21 M11SeO4.2HiO-FeAsO4.2H/) 

Sodium  nitrate  crystals  resemble  those  of  calcium  carbonate  a  little 
more  dosely  than  those  of  magnesium  carbonate,  although  the  sodium 
ion  is  isosteric  with  the  magnesitun  ion  but  not  with  the  calcium  ion. 
The  molecular  volume  of  sodium  nitrate  is  nearer  to  that  of  calcium  car- 
bonate than  that  of  the  magnesium  compound.  The  much  larger  forces 
in  the  compounds  containing  the  divalent  ions  must  tend  to  draw  the 
atoms  closer  together.  The  substitution  of  the  larger  calcium  ion  in 
place  of  the  magnesium  ion  offsets  this  difference,  and  this  probably  ac- 
counts for  the  closer  resemblance  between  the  sodium  and  the  calcium 
compounds.  This  same  relationship  is  noticed  in  other  pairs  of  com- 
pounds. Since  in  these  replacements  calcium  corresponds  most  nearly 
to  sodium  we  should  expect  strontium  to  correspond  to  potassium  and 
barium  to  rubidium.  This  is  well  borne  out  in  every  case.  The  follow- 
ing tables  illustrate  the  cases  of  isomorphism  corresponding  to  Types 
II  to  21,  shown  in  Table  II,  for  which  data  are  given  by  Groth.  The 
pairs  of  substances  at  the  head  of  each  table  are  those  given  in  Table  II. 
The  other  substances  are  generally  recognized  as  being  isomorphous  with 
one  or  the  other  member  of  these  pairs. 
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Tabi^e  III. 
Nitrates  and  Carbonates  Tsrpe  11  (a). 

a 

NaNOt I      : 

CaCOs I      : 

MgCOt I      : 

MnCOi I      : 

KNOt I 


Trigonal  Scalenohedral. 
c. 
0.8297 

0.8543 
0.8095 
0.8259 
o .  8259    Stable  above  128® 


At  high  temperatures  RbNOi,  SrCOt  and  BaCOt  also  give  trigonal  crystals. 

All  these  substances  show  strong  negative  double  refraction  and  similar  cleavage. 

Table  IV. 
Nitrates  and  Carbonates,  Type  11  (6).    Orthorhombic  Bipyramidal. 

a  :       b  :          c. 

KNOf '. 0.5910  I  0.7011 

SrCOi 0.6090  I  0.7237 

CaCOi 0.6228  I  0.7204 

BaCOj 0.5949  I  o.  7413 

Negative  double  refraction. 

Table  V. 
Perchlorates  and  Sulfates,  Type  14  (a).    Permanganates  and  Chromates,  Type  20. 

Orthorhombic  Bip3rramidal. 

a.     :     b     :       c,      ^  Cleavage. 

KCIO4 0.7817        I         1.2793        c(ooi)        w(iio)» 

SrS04 0.7790        I         1.2800        c(ooi)        m(iio)* 

KbMnOi 0.8311 

BaCr04 o.  8231 

RbC104 0.7966 

BaS04 o.  8152 

KMn04 0.7972 

SrCr04 0.9496 

Csa04 0.8173 

CsMn04 0.8683 

CaS04 0.8932 

NH4a04 0.7932 

Table  VI. 
Sulfates  and  Phosphates,  Type  14  (6).    Triclinic  Pinacoid. 
a. 

NaHSO** 0.6460 

CaHP04 0.6467 

SrHAsOi 0.6466 

1  Incomplete  cleavage. 

'  Axes  b  and  c  have  been  interchanged  in  order  to  correspond  to  those  used  to 
form  the  other  compounds.  Where  the  angles  a,  fi,  y,  were  greater  than  90^  their 
supplementary  angles  were  chosen. 


1.3323 

.... 

1.3232 

•• 

— 

1.2879 

c(ooi) 

fn(iio) 

I. 3136 

c(ooi) 

m(iioy 

I . 2982 

c(ooi) 

m(iio)* 

1.0352 



I . 2976 

.... 

1.3705 

.... 

1.0008 
1.2808 



b. 

c. 

a. 

fi. 

Y. 

I 

0.8346 

85°  06' 

88^  57' 

86^  47' 

I 

0.8244 

84"  57' 

89*43' 

85**  38' 

I 

0.8346 

86*  32' 

89*  14' 

87*  56' 
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Tabi^B  VII. 
Sulfates  and  Phosphates,  Type  14  (c),    Orthorhombic  Bipyramidal. 

a.  b.  c. 

SrHPOi* 0.8581  I  1. 9431 

KHSO4 0.8609  I  1.9344 

Both  substances  fonn  8-  or  4-sided  plates  parallel  to  c(ooi)  with  (iii)  as  the  next 
most  important  face.    The  plane  of  the  optic  axis  is  (001). 

Tablb  VIII. 
Selenates  and  Arsenates,  Type  21.    Orthorhombic  Bipyramidal. 

a.  b.  c. 

MnSc04.2H»0 0.8849  I  0.9959 

FeAs04.2H,0 0.8658  i  0.9541 

Plane  of  the  optic  axis  (100)  in  both. 

Groth  gives  no  data  for  the  Types  15(a),  15(6),  17  and  18  of  Table  II. 

The  results  given  in  these  tables  afford  the  strongest  kind  of  evidence 
for  the  octet  theory  of  valence  and  prove  that  aystal  form  depends  on 
the  covalence  of  the  atoms  forming  the  substance  rather  than  upon  the 
valences  given  by  the  ordinary  theory. 

In  every  one  of  the  cases  where  isomorphism  is  predicted  by  the  octet 
theory  (see  Table  II),  we  find  that  the  data  available  in  Groth's  "Chemische 
Kristallographie"  indicate  an  almost  complete  identity  of  crystalline 
form.  The  agreement  between  the  pairs  of  substances  given  in  Table  II 
is  in  fact  usually  rather  better  than  among  most  of  the  dassical  examples 
of  isomorphism.  For  example,  the  agreement  of  the  ratios  of  the  axes 
for  potassium  perchlorate  and  strontitmi  sulfate  (Table  V)  is  much  doser 
than  among  the  various  chlorates  or  among  the  sulfates.    Soditun  nitrate 

^  The  measurements  on  SrHPOi  and  on  CaHP04  given  in  Table  VI  were  made  by 
Schtdten,  Bull.  Soc,  franq  mineral  37,  120  (1904). 

According  to  Groth  the  ratio  of  the  axes  for  SrHP04  was  found  to  be 
0.6477  :i  :o.858i  and  the  only  faces  measured  were  (100),  (133),  (203),  (130),  (230), 
(010).  Groth  states  that  the  chosen  orientation  of  the  CaHP04  aystals  was  adopted 
because  of  the  relationships  to  those  of  SrHP04. 

For  the  substance  BaHP04  which  Schulten  finds  to  be  orthorhombic  he  gives  the 
ratios  0.7133:  i :  0.8 11 7,  and  considers  that  these  ratios  are  related  to  those  given  above 
for  SrHP04  (see  Groth,  p.  815)  although  the  crystals  are  of  "entirely  different  form." 
These  facts  make  it  clear  that  Schtdten  chose  for  this  orthorhombic  aystal  the  axial 
ratio  a:  h  :: 0.6477 :  i  simply  to  make  this  ratio  agree  with  a:h:: 0.6467 : 1  which  he  had 
obtained  for  the  tridinic  crystals  of  CaHP04  and  which  he  supposed  isomorphous  with 
SrHP04  notwithstanding  that  they  belonged  to  a  different  crystal  system.  If  we 
mtdtiply  the  a  intercept  0.6477  by  3  and  then  interchange  the  a  and  c  axes  we  obtain 
the  ratios  given  above  in  Table  VII.  The  crystal  faces  which  Schulten  measured 
should  thus  be  denoted  by  (100),  (iii),  (201),  (no),  (210),  and  (010)  instead  of  the 
absurd  set  of  faces  (100),  (133),  (203),  (130),  (230)  and  (010)  given  by  Schulten.  There 
is  thus  ample  internal  evidence  for  making  this  change  in  Schulten's  data.  We  may 
conclude  that  there  is  no  similarity  in  the  ratios  between  the  axes  of  the  tridinic 
CaHP04,  the  orthorhombic  SrHP04  and  the  orthorhombic  BaHP04,  but  they  represent 
3  distinctiy  different  crystal  types. 
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oystals  (Table  III)  are  more  nearly  like  Calcium  carbonate  than  these 
are  like  magnesium  carbonate.  Potassium  nitrate  (Table  IV)  shows  better 
agreement  with  strontium  carbonate  than  calcium  carbonate  (aragonite) 
does  with  barium  carbonate.  Sodium  hydrogen  sulfate  (Table  VI) 
agrees  slightly  better  (in  adal  angles)  with  calcium  hydrogen  phosphate 
than  this  does  with  strontium  hydrogen  arsenate. 

In  several  of  the  cases  in  Table  II  we  find  that  no  data  are  given  by 
Groth  by  which  a  comparison  between  the  crystalline  form  of  similarly 
constituted  compounds  can  be  made.  For  example  (Type  15a),  no  an- 
hydrous sulfites  of  divalent  metals  and  no  hydrated  chlorates  of  tmi- 
valent  metals  are  given.  Although  sodium  hydrogen  sulfite  is  given,  no 
phosphites  of  divalent  metals  have  been  measured. 

It  seems  safe  to  predict  that  nearly  all  the  remaining  pairs  of  substances 
given  in  Table  II  will  be  found  to  be  isomorphous  when  data  become 
available.  By  Hull's  method  of  X-ray  analysis  these  comparisons  are 
now  possible  even  with  powdered  materials,  so  that  most  of  the  difficul- 
ties disappear  that  have  heretofore  prevented  the  accumulation  of  such 
data. 

We  have  thus  far  considered  cases  in  which  the  octet  theory  leads  us  to 
expect  isomorphism  not  predicted  by  the  ordinary  theory  of  valence. 
Let  us  now  consider  those  cases  where  the  ordinary  theory  indicates  iso- 
m<»phism,  but  the  octet  theory  does  not.  Examples  of  this  kind  are,  (a) 
carbonates  and  sulfites,  (6)  chlorates  and  nitrates,  (c)  chlorates  and  meta- 
phosphates. 

According  to  the  ordinary  theory  the  sulfur  in  sulfites  has  a  valence 
of  4  like  that  of  carbon  in  carbonates.  In  chlorates  and  nitrates  the  central 
atom  is  supposed  to  have  a  valence  of  5.  By  the  octet  theory,  however, 
the  covalence  of  sulfur  in  normal  sulfites  is  3,  while  that  of  carbon  in 
carbonates  is  4.  In  chlorates  the  covalence  of  chlorine  is  3,  while  n 
metaphosphates  that  of  the  phosphorus  is  4.  A  great  deal  of  effort  has 
been  expended  by  chemists  and  crystallographers  to  prove  cases  of  iso- 
BKn^hism  between  nitrates  and  chlorates.  Groth  says  that  carbonates 
and  sulfites  should  be  expected  to  be  isomorphous  and  recommends  that 
much  more  work  be  done  in  a  comparative  study  of  these  salts — especially 
he  advises  attempting  to  prepare  mixed  crystals.  In  spite. of  this  effort 
and  the  belief  of  chemists  in  the  similarity  of  the  constitutions  of  these 
compounds,  there  seem  to  be  no  convincing  data  indicating  similarity  of 
crystalline  form  in  these  cases.  For  example,  Groth  points  out  that  potas- 
sium hydrogen  carbonate  and  potassium  hydrogen  sulfite  both  belong 
to  the  monodinic  system,  and  that  their  oystals  have  the  same  habit. 
An  examination  of  the  data  shows  that  both  form  crystals  which  are  elonga- 
ted in  the  direction  of  the  6-axis.  The  following  crystallographic  data, 
however,  prove  that  the  substances  are  very  far  from  isomorphous: 


Digitized  by 


GooQle 


1554  IRVING  LANGMtJIR. 

a.  b.  c                         $. 

KHCOt 2.6770  I  1.3115  103"  25' 

NaHCOs 0.7645  I  0.3582  93°  19' 

KHSOi 0.9276  I  2.2917  94*46' 

The  ratios  of  the  axes  could  hardly  be  more  dififerent,  and  there  is  a 
difference  of  9°  in  the  inclination  of  the  axes.  The  sodium  add  carbonate 
is  also  monodinic  but  has  quite  different  constants  from  dther  of  the 
other  compounds.    No  other  anhydrous  sulfites  are  given  by  Groth. 

The  following  hydrated  sulfites  and  carbonates  given  by  Groth  are  the 
only  ones  that  are  comparable  in  constitution.  Ammonium  sulfite, 
(NH4)2S08.H20,  is  monodinic  while  sodium  carbonate,  NaaCOs.HjO,  is 
orthorhombic.  The  compound  NaiCOi-yHiO  is  orthorhombic  but  NaaSOs.- 
yHjO  is  monodinic.  Finally,  MgCOa-sHjO  crystallizes  in  the  orthorhombic 
system,  while  MgSO|.3H20  is  "ditrigonal  pyramidal."  All  of  the  avail- 
able aystallographic  data  thus  seem  to  indicate  condusivdy  that  sulfites 
and  carbonates  do  not  have  similar  constitutions. 

The  chlorates  and  nitrates  usually  have  different  oystalline  forms, 
but  in  many  cases  it  has  been  found  possible  to  make  mixed  aystals  contain- 
ing as  mudi  as  10  or  15%  of  one  or  the  other  of  the  constituents.  Soditun 
chlorate  crystallizes  in  the  cubic  system  isomorphous  with  sodium  bro- 
mate,  while  sodium  nitrate  is  trigonal.  This  form  of  sodium  chlorate  is 
normally  produced  dther  from  aqueous  solution  or  by  cooling  the  molten 
mass.  By  slow  evaporation  of  a  strongly  supersaturated  aqueous  solu- 
tion it  is  possible  to  obtain  sodium  chlorate  in  a  trigonal  form  with  angles 
very  much  like  those  of  sodium  nitrate,  and  also  having  negative  double 
refraction  like  that  of  sodium  nitrate;  this  trigonal  form  of  soditun  chlorate 
is  very  unstable,  and  soon  goes  over  into  the  cubic  form  even  at  room 
temperature.  It  was  found  possible  to  prepare  mixed  crystals  of  sodium 
nitrate  and  chorate  containing  as  much  as  22.5%  of  the  chlorate.  An 
unstable  monodinic  form  of  sodium  chlorate  has  also  been  prepared. 

Potassium  chlorate  oystallizes  only  in  the  monodinic  form  with  axes 
inclined  109°,  while  potassium  nitrate  is  orthorhombic.  Notwithstanding 
the  fact  that  the  aystals  bdong  to  different  systems,  Groth  states  that 
potassium  chlorate  and  soditun  nitrate  dosdy  resemble  each  other.  He 
does  not  bdieve  that  mixed  crystals  can  be  formed  because  the  molecular 
volimies  are  so  different.  However,  monodinic  mixed  crystals  of  potas- 
situn  chlorate  and  potassitun  nitrate  up  to  15%  of  the  nitrate  have  been 
obtained,  as  wdl  as  orthorhombic  mixed  crystals,  with  25%  of  the  chlorate. 
This  is  considered  to  denote  similarity  of  structiu-e,  notwithstanding  the 
complete  difference  of  crystal  form  between  potassium  nitrate  and  chlorate. 
Silver  chlorate  and  bromate  are  tetragonal  while  silver  nitrate  is  ortho- 
rhombic. The  chlorate  also  forms  cubic  crystals  isomorphous  with  sodium 
chlorate.    Silver  chlorate  thus  shows  no  resemblance  to  the  nitrates. 
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Anhydrous  calcium,  strontium,  and  barium  nitrates  oystallize  in  the 
cubic  system,  but  strontium  chlorate  SrCClOs)^  is  orthorhombic  with  axial 
ratios,  0.9174  :  i  :  0.6003.  It  also  exists  in  3  other  modifications,  no 
one  of  which  is  cubic.  However,  even  here  it  has  been  possible  to  make 
mixed  oystals  containing  7  to  12%  of  chlorate. 

.  The  salts  Mg(NOs)2.6H20,  Ni(NOs)i.6H20,  Co(NOs)2.6H20,  are  mono- 
dinic,  the  nickel  and  cobalt  salts  being  isomorphous  with  each  other  but 
not  with  the  magnesium  salt.  On  the  other  hand,  the  corresponding 
chlorates  of  nickel  and  cobalt,  Ni(C10»)s.6H20,  etc.,  and  the  bromates  of 
magnesium,  nickel,  cobalt  and  zinc,  Mg(Br08)2.6HiO,  etc.,  are  cubic.  Only 
in  one  instance  were  mixed  crystals  obtained:  Zn(BrOs)2.6HsO  and  Co- 
(N08)j.6H20  crystallizing  together  as  cubic  crystals. 

Looking  back  over  this  comparison  of  chlorates  and  nitrates  we  see 
that  among  the  20  compounds  considered  (belonging  to  5  different  aystal 
systems),  there  is  only  one  instance,  namely  that  of  sodium  nitrate  and 
the  unstable  trigonal  modification  of  sodium  chlorate,  in  which  corre- 
sponding nitrates  and  chlorates  even  belong  to  the  same  sjrstem. 

This  evidence  seems  sufficient  to  prove  that  nitrates  and  chlorates  have 
fundamentally  different  constitutions.  A  careful  study  of  the  trigonal 
form  of  sodium  chlorate  should  be  made,  preferably  by  the  X-ray  method, 
to  determine  if  its  structure  is  actually  like  that  of  sodium  nitrate.  If  it 
turns  out  to  be  so,  it  is  probably  to  be  explained  as  a  very  unusual  form 
in  which  two  of  the  dectrons  in  the  atoms  constituting  the  chlorate  ion 
become  unavailable,  perhaps  by  being  imprisoned  within  one  of  the  octets. 
Under  such  conditions  the  chlorate  ion  might  become  "pseudo-isosteric" 
with  the  nitrate  ion,  so  that  the  chlorine  atom  might  then  act  with  a  co- 
valency  of  4. 

There  are  no  available  data  by  which  to  test  isomorphism  between 
chlorates  and  metaphosphates. 

These  considerations  show  that  the  ordinary  valence  theory  not  only 
fails  to  predict  cases  of  isomorphism  which  do  exist  (for  example,  potas- 
simn  chlorate  and  strontium  sulfate)  but  predicts  isomorphism  (sulfites 
and  carbonates)  where  none  exists.  The  octet  theory  does  not  fail  in 
either  of  these  ways.  I  have  used  the  word  isomorphism  as  expressing  a 
dose  resemblance  in  crystallographic  data.  The  data  given  in  the  cases 
of  the  nitrates  and  chlorates  show  condusively  in  my  mind  that  the  forma- 
tion of  mixed  crystals  often  occurs  when  there  is  no  dose  resemblance  in 
crystal  structure.  It  seems  therefore  that  this  criterion  should  not  be 
used  to  indicate  similarity  in  chemical  constitution.  The  question  of 
course  arises:  how  many  other  cases  of  mixed  crystals  could  be  found  if 
the  same  effort  were  expended  in  looking  for  them  among  other  types  of 
compounds. 
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Let  us  now.  consider  in  more  detail  the  cases  of  isomorphism  given  by 
Barker: 

a.  b.  e.  0. 

A.  Monodinic 

CuTiFe^HfO 0.7471  i  0.5564  104*  9' 

CuCbOF».4H20 0.7627  I  0.5629  103*20' 

CuWOiF4.4HfO 0.7648  I  0.5629  103*14' 

B.  Monodinic 

KsHSnFs 0.6277         i        0.4928  93° 

KsHCbOFr 0.6279         I         0.4900  93*14' 

C.  Orthorhombic. 

K:jSnCl4.2HiO 0.6852        I        0.7586  

KjFeCl«.HaO 0.6911         i        0.7178  

D.  Monodinic 

MnCls.4HsO 1.1525         i        0.6445  99*25' 

BeNaip4 0.9913         i        0.6929  99*20' 

E.  Tetragonal. 

YPO4 I  0.6177 

ZrSiOi I  0.640 

Sns04 '. I  0.6726 

F.  Tetragonal. 

KIO4 * I  1.5534 

CaWO* I  1.5268 

KOsOiN I  1. 6319 

KRUO4 I  1.6340 

G.  Orthorhombic 

KCIO4 0.7817  I  1.2792 

BaS04 0.8152  I  1. 3136 

KBF4 0.7898  I  1.2830 

H.  Orthorhombic. 

K»S04 0.5727        I        0.7418 

KtBeF4 0.5708        I        0.7395 

[N(CH,)4]jagCU 0.5766        I        0.7893 

ZnIt.4NHs 0.5754        I        0.7922 

I.  Monodinic.  * 

(NH4)jSe04 1.8900        I         1. 1987         115*29' 

CsiHgl4 1. 3155         I        0.9260        110*4' 

(the  deavage  is  the  same) 

J.  Trigonal. 

NaNOf I        0.8297  

CaCOi I        0.854  

K. 

Albite  NaAlSijOg 

Anorthite  CaAljSiiOs 


'  Are  dosely  isomorphous. 


The  theory  of  chemical  structure  given  in  the  recent  paper  in  This 
Journal  is  in  full  accord  with  these  cases  of  isomorphism,  and  affords  an 
explanation  of  them.  In  the  second  method^  of  regarding  complex  com- 
pounds with  a  co5rdination  number  of  6  or  more,  it  was  explained  how 
groups  such  as  chloride  ion,  ammonia,  water,  etc.,  could  be  held  by  dectro- 
^  Tms  Journal,  41,  868  (191 9)  beginning  middle  of  p.  930. 
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static  attractioti  to  a  positively  charged  central  atom.  We  have  already 
seen  how  in  typical  octet  compounds  such  as  potassium  sulfate,  etc, 
oxygen  is  unicovalent  and  may  thtis  be  lei^aeed  by  fluorine  without  in- 
volving a  change  in  the  crystalline  structure.  The  compounds  in  Groups 
A,  B,  G,  and  I  are  examples  of  this  kind  where  fluorine,  iodine  or  oxygen 
replace  one  another.  Group  C  gives  an  illustration  of  a  positive  central 
ion  (Sn+"*"  or  Fe+++)  surrounded  by  6  other  groups  (CI"  or  HiO)  forming 
a  complex  ion.  The  HjO  group  in  the  first  compound  replaces  one  oi 
the  chlorine  ions  of  the  second. 

The  compounds  of  Groups  D  and  H  afford  interesting  illustrations  of 
the  replacement  of  negative  by  positive  ions  and  vice  versa  in  a  manner 
exactly  analogous  to  that  of  NatO-MgPs,  etc.,  of  Table  II.  Thus  in 
BeNaF4  the  two  sodium  ions  replace  the  two  chlorine  ions  of  the  MnCU.- 
4HsO,  the  beryllium  ion  replaces  the  manganese  ion  and  the  fluorine  ions 
replace  the  water  comolecules.  Similarly,  in  comparing  ZnIt.4NHi  with 
EsSOi  we  see  that  the  iodide  ions  have  replaced  the  potassium  ions.  This 
is  evident  if  we  apply  the  octet  theory  in  the  ordinary  way  to  the  com- 
pound ZnIt.4NHt.  The  number  of  available  electrons  in  the  atoms  of 
this  compound  is  ^  =  48.  We  place  n  »  7,  assuming  that  the  zinc, 
iodine  and  nitrogen  atoms  all  form  octets.  We  then  find  from  the  octet 
equation  (jzp  ^  $n  —  e)  the  value  p  «  4,  from  which  we  find  the  struc- 
ture Ii''[Zn(NHt)4l'^'^f  in  which  each  nitrogen  atom  is  quadricovalent  and 
shares  a  single  pair  of  electrons  with  the  octet  of  the  zinc  atom.  The  con- 
stitution is  thtis  exactly  analogous  to  Ks"^  SO4 — ,  for  in  this  case  the  quadri- 
covalent sulfur  atom  shares  a  single  pair  of  electrons  with  each  of  the  oxy- 
gen atoms. 

If  we  apply  the  octet  theory  in  the  same  way  to  BeNa«p4  and  MnClt.- 
4H2O  we  place  for  both  compounds  e  —  32,  n  =■  5  and  find  p  =■  4.  This 
gives  the  structures 

IMn(0H,)4]++Cli-    and     lBeF4]~Na,+. 

The  manganese  and  beryUium  atoms  are  thus  quadricovalent,  the 
water  and  iron  share  single  pairs  of  electrons  with  the  central  atom. 
In  the  first  compound  the  oxygen  is  tercovalent.  The  substitution  of 
water  or  ammonia  for  fluorine  or  oxygen  in  these  compounds  is  analogous 
to  the  substitution  of  K+  in  K1SO4  by  NH4+. 

The  same  explanation  apply  to  the  other  examples  dted  by  Barker. 
Those  shown  in  Group  K  are  of  interest  because  in  silicates  we  usually 
have  to  deal  with  compounds  in  which  no  pairs  of  electrons  are  held  in 
common  between  atoms.  Thus  in  the  octet  equation  2p  =  8n  —  ^  we 
place  p  =  o  and  find  e  =  Sn.  In  silicates,  oxygen  is  the  only  element 
which  forms  octets,  so  n  is  equal  to  the  ntunber  of  oxygen  atoms.  This 
condition  {e  =  Sn)  is  practically  the  only  valence  condition  that  needs 
to  be  fulfilled  by  silicates,  and  it  is  thus  a  complete  statement  of  the 
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valence  theory  for  these  compounds.  The  isomorphism  of  the  two  com- 
potmds  of  Group  K  is  consistent  with  the  octet  theory  since  in  both  com- 
pounds the  number  of  atoms  is  alike  (13)  and  so  is  also  the  ntunber  of 
available  electrons,  ^  «  8n  >■  64. 

Summary. 

The  octet  theory  of  valence  indicates  that  if  compounds  having  the 
same  number  of  atoms  have  also  the  same  total  number  of  electrons,  the 
electrons  may  arrange  themselves  in  the  same  manner.  In  this  case  the 
compounds  or  groups  of  atoms  are  said  to  be  isosteric.  Such  compounds 
should  show  remarkable  similarity  in  physical  properties,  that  is,  in  those 
properties  which  do  not  involve  a  separation  of  the  atoms  in  the  mole- 
cule. 

Table  I  gives  a  list  of  various  isosteres  predicted  by  the  octet  theory.  For 
example,  O — ;  F"";  Ne,  Na"*"  and  Mg++  are  isosteric.    Other  examples  are 

Ns— CO— CN-;CH4— NH4+;  Na"  — CNO-;  CIO4-  — S04~— PO4 ; 

NOa~  —  COa — ,  etc.  In  cases  where  isosteric  groups  have  the  same 
electric  charges  (isoelectric)  their  properties  are  directly  comparable;  thus 
Nt  and  CO;  N2O  and  CO2;  KNa  and  KNCO,  etc.,  are  nearly  alike  (in  pairs) 
in  all  their  physical  properties.  But  when  the  charges  are  unlike  the 
similarity  may  manifest  itself  between  properly  chosen  compoimds;  thus, 
according  to  the  octet  theory,  we  should  expect  sodium  nitrate  and  calcium 
carbonate  to  have  similar  constitutions  and  therefore  to  have  similar 
crystalline  forms,  as  is  in  fact  known  to  be  the  case. 

The  following  cases  of  aystalline  isomorphism  are  thus  predicted  by 
the  theory  and  are  found  to  exist  according  to  published  crystallographic 
data:  NaF  —  MgO;  KNa  —  KNCO;  KNOa  —  SrCOa;  KCIO4  —  SrSO*; 
NaHS04  —  CaHP04;  MnSe04.2HjO  —  FeAs04.2H20,  etc.  The  following 
cases  are  predicted  by  the  theory  but  cannot  yet  be  tested  because  of 
lack  of  available  data:  MgFj  — Na20;  KjS  —  CaCU;  NaClOa  — 
CaSOa;  KHSOa  —  SrHPOa;  NajSjOe  —  CaaPjOa;  NajSjOT  — CajPjO?;  etc 

The  theory  of  isosterism  makes  it  possible  to  derive  certain  relation- 
ships in  a  very  simple  manner.  Thus  since  argon  is  an  isostere  of  the 
potassium  ion  and  methane  is  an  isostere  of  the  ammonium  ion,  it  follows 
that  the  potassium  and  ammonium  ions  must  have  similar  properties 
because  argon  and  methane  are  nearly  alike  in  physical  properties.  Simi- 
larly, the  relation  between  argon  and  nitrogen  enables  us  to  trace  an  equally 
dose  relationship  between  the  cyanogen  and  the  chlorine  ions.  From  the 
similarity  in  the  solubihties  of  nitrates  and  perchlorates  we  may  also 
conclude  that  carbonates  and  sulfates  should  be  closely  related. 

The  experimental  data  discussed  prove  that  the  crystalline  form  of 
substances  depends  on  the  structure  as  given  by  the  octet  theory,  thus 
indicating  that  this  theory  gives  a  true  pictiu-e  of  the  constitutions  of 
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crystalline  solids.    In  particular,  the  experimental  results  justify  the 
following  conclusions: 

1.  The  covalence  of  sodium,  potassium,  chlorine  in  chlorides,  is  zero. 

2.  The  covalence  of  the  central  atom  is  4  in  nitrates,  carbonates,  sul- 
fates, perchlorates,  phosphates,  permanganates,  chromates,  sdenates, 
arsenates,  borofluorides,  etc. 

3.  Carbonates  and  sulfites  are  not  isomorphous,  the  covalence  of  the 
central  atom  being  4  and  3,  respectively. 

4.  Nitrates  and  chlorates  are  not  isomorphous,  the  covalency  of  the 
chlorine  being  3  in  chlorates. 

5.  The  applicability  of  the  octet  theory  to  complex  inorganic  compounds 
receives  further  confirmation  by  its  ability  to  explain  such  cases  of  iso- 
morphism as  between  NatBep4  and  MnCls.4HsO;  KsS04  and  ZnIs.4NHs, 
KtSnCU-^HjO  and  KiFeCU-HjO,  NaAlSisOs  and  CaAlaSijOs,  etc. 

SCHSmCTADT,   N.    Y. 


(CONTRIBXTTION  FROM  TOB  ShBFFXBLD  CnmoCAI^  LABORATORY  OF   YaL8  UNIVERSITY.] 

A  STUDY  OF  SroE  CHAIN  OXIDATIONS  WITH  POTASSIUM 
PERMANGANATE.! 

By  Lucros  A.  Bigblow. 

Received  July  14,   1919. 

I.  Introduction.     II.  Discussion  of  the  Oxidation  of  o-,  m-,  and  ^nitrotoluene. 
m.  Experimental  and  Sununary. 

I.  Ihtroduction. 
A  careful  review  of  the  chemical  literature  upon  potassium  perman- 
l^anate  and  its  reactions  reveals  certain  ftmdamental  facts  which  are 
important  both  as  a  siunmary  of  our  knowledge  of  the  subject  to  date, 
and  as  a  necessary  introduction  to  an  investigation  in  this  particular 
field.  These  facts,  which  have  been  established,  may  briefly  be  expressed 
as  follows: 

1.  Potassium  permanganate,  in  concentrated  aqueous  solution,  when 
treated  with  caustic  alkali  of  sufficient  strength  and  heated,  spontaneously 
decomposes  into  potassium  manganate  and  free  oxygen.* 

2.  Diuing  most  permanganate  oxidations  more  or  less  free  oxygen  is 
evolved,  and  this  evolution  is  caused  by  the  presence  of  the  lower  oxides 
of  manganese,  or  their  compoimds.  Spontaneous  decomposition  of  aque- 
ous potassiiun  permanganate  solutions,  with  the  production  of  free  oxygen, 
is  always  brought  about  by  the  presence  of  these  lower  oxides,  but  does  not 

1  This  paper  has  been  constructed  from  a  dissertation  presented  by  the  author 
in  1919  to  the  Faculty  of  the  Graduate  School  of  Yale  University  in  partial  fulfilment 
-of  the  requirements  for  the  Degree  of  Doctor  of  Philosophy. — ^T.  B.  Johnson. 

•  Aschoff,  /.  i>rakt,  Chem,,  [i]  81,  29  (i860);  Wanklyn  and  Cooper,  Phil,  Mag.,  [5] 
%  138  (1879);  Sadcur  and  Ta^^er,  Z.  Ekktrochem.,  x8,  718  (1912). 


Digitized  by 


GooQle 


1560  LUCIUS  A.  BIGBLOW. 

occur  in  their  absence.  The  researches  of  Morse  and  his  students,^  sup- 
ported by  the  work  of  many  other  investigators,  have  estabUshed  these 
facts,  although  some  contrary  evidence  has  been  presented.*  The  mechan- 
ism of  the  reactions  to  which  the  oxygen  evolution  is  due  has  not  been 
satisfactorily  explained.  One  suggestion  offered  is  to  the  effect  that  man- 
ganese dioxide,  if  predpitated,  polymerizes  at  the  expense  of  perman- 
ganic add,  Hberating  the  oxygen  from  the  latter.' 

3.  The  decomposition  of  potassium  permanganate,  in  aqueous  soluticm,. 
is  stimulated  by  an  increase  in  concentration,  or  a  rise  in  temperature.^ 

4.  Benzene  derivatives  of  various  structures,  even  those  with  the  same 
substituents,  but  in  different  positions,  show  wide  differences  in  suscepti- 
bility to  oxidation  by  potassium  permanganate  and  other  oxidizing  agents; 
yet  these  phenomena  show  little  regularity.  Remsen's  law,*  which  does 
not  by  any  means  hold  in  all  cases,  seems  to  be  the  only  important  general- 
ization which  has  been  made  in  this  fidd. 

5.  When  organic  compounds  are  oxidized  by  potassitun  permanganate 
in  alkaline  solution,  an  increase  in  the  concentration  of  the  alkali  pres- 
ent may  produce  distinctly  different  effects  in  different  cases.* 

6.  Catalyzers  may  greatly  affect  permanganate  reactions.^ 

Insofar  as  I  have  been  able  to  determine  from  the  literature,  no  sys- 
tematic attempt  has  been  made  to  determine  the  manner  in  which  the  pro- 
gressive variation  of  the  conditions  influencing  the  oxidation  of  any  given 
series  of  aromatic  compounds  affects  the  products  of  such  reactions.  This 
applies  both  to  the  3ddds  obtained  and  to  the  amounts  of  unchanged  ma- 
terial recovered  in  the  process.  Moreover,  most  of  the  work  described' 
in  the  literature  which  in  any  way  bears  upon  the  subject,  has  been  carried 
out  with  relativdy  very  small  quantities  of  material.  It  has  been  my 
object,  in  this  investigation,  to  sdect  a  definite  series  of  aromatic  com- 
pounds, with  an  aliphatic  side  chain,  and  to  submit  this,  side  chain  to 
oxidation  by  potassium  permanganate,  in  alkaline  solution,  in  such  a 
manner  as  to  make  possible  a  study  of  the  influence  of  conditions  upon 
the  reacti<»]s.    There  have  been  taken  into  consideration  not  only  the 

1  Morse,  Hopkins  and  Walker,  Am,  Chem.  J.,  18,  401  (1896);  Morse  and  Reese^ 
Ibid.,  20,  521  (1898);  Morse  and  Byers,  Ibid,,  23,  313  (1900);  Brand  and  Ramsbottom» 
/.  prakt,  Chem,,  [2]  82,  382  (1910);  Gooch  and  Danner,  Am.  J,  Sci.,  [3]  44,  301  (1892). 

'  Meyer  and  von  Reddinghauser,  Ber,,  29,  2549  (1896);  Hirtz  and  Meyer,  Ibid., 
29,  2828  (1896). 

*  Morse  and  Byers,  Am.  Chem.  J.,  23,  313  (1900). 

*  Brand  and  Ramsbottom,  /.  praki.  Chem.,  (2]  82,  382  (1910} ;  Morse  and  Reese^ 
Am.  Chem,  J.,  20,  521  (1898).  P| 

"  Remsen,  Am.  Chem.  J.,  i,  36  (1879);  Remsen  and  Palmer,  Ibid.,  4,  142  (1882); 
Richard  Meyer,  Ann.,  220,  16  (1883). 

*Behrend,  Ann.,  333,  159  (1904);  Witzemann,  Tms  Journal,  38,  150  (1916); 
Evans  and  Day,  Ibid,,  38,  375  (1916). 

^  Doroschevsld  and  Pavlov,  /.  Chem.  Soc.,  [2]  no,  24  (1916). 
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quantity  and  rate  of  addition  of  the  oxidizing  agent,  but  also  the  alka- 
linity of  the  oxidizing  mixtures,  the  concentration  and  temperature  of 
the  solutions,  and  the  influence  of  certain  catalyzers.  The  work  has  been 
carried  out  on  a  moderately  large  laboratory  scale,  and  it  is  hoped  that  the 
results  may  be  of  some  value  in  the  practical  application  of  potassitun  per- 
manganate as  an  oxidizing  agent. 

n.  Discussion  of  the  Oxidation  of  a-,  tn-  and  ^Nitrotoluenes. 

For  this  work  the  3  nitrotoluenes  were  selected  as  representative  ex- 
amples of  aromatic  side  chain  compounds  to  be  submitted  to  oxidation 
by  potassium  permanganate.  They  were  chosen  for  3  reasons:  (i) 
They  are  available  in  Ijuantity,  and  each  of  them  undergoes  oxidation 
readily  to  the  corresponding  add.  (2)  They  constitute  a  typical  series 
of  disubstituted  benzene  derivatives,  hence  a  study  of  their  relative  prop- 
erties might  throw  some  further  light  upon  the  benzene  problem.  (3) 
Two  of  the  products  of  oxidation,  o-,  and  p-nitrobenzoic  adds,  are  of  possi- 
ble technical  value;  the  former  in  the  synthesis  of  dyes,  and  the  latter  in 
the  manufacture  of  pharmaceuticals. 

While  the  o-  and  ^-nitrotoluenes  can  readily  be  purchased  upon  the 
market,  the  m-compound  was  not  available  in  this  way,  and  had  to  be 
synthesized  in  the  laboratory.  The  only  synthesis  already  described  which 
seemed  suitable  for  this  purpose  was  that  starting  from  m-nitro-p-toluidine, 
C6H»(CH3)(NC)i)(NHj),  which  is  converted  into  m-i^trotoluene  by  di- 
azotization  and  reduction,  substituting  the  amino  group  by  hydrogen. 
The  nitrotoluidine  is  best  prepared  from  commerdal  />-toluidine,  byacetyl- 
ation,  nitration,  and  subsequent  saponification.  All  these  reactions  have 
been  carefully  studied,  with  the  idea  of  establishing  the  best  conditions 
under  which  they  may  be  carried  out,  in  order  to  obtain  good  yidds  with 
a  minimum  quantity  of  reagents  and  the  smallest  expenditure  of  time  and 
effort.  It  has  been  found  possible  to  effect  the  nitration  by  means  of  a 
small  quantity  of  a  "mixed  add"  consisting  of  ordinary  cone,  nitric  and 
sulfuric  adds;  while  the  diazotization  and  reduction  take  place  much  more 
smoothly  in  the  presence  of  a  small  amount  of  copper  powder,  which  acts 
as  a  catalytic  agent.  A  practical  laboratory  method  for  carrying  out  the 
synthesis  is  described  in  the  Experimental  Part. 

The  oxidation  of  the  nitrotoluenes,  the  study  of  which  constitutes  the 
main  problem  under  investigation,  was  entirely  carried  out  in  alkaline 
or  nearly  neutral  solutions.  The  plan  has  been  not  so  much  to  attain  the 
highest  possible  piuity  of  product  upon  a  very  small  scale,  as  to  make 
a  product  of  high  commerdal  quality  in  rdativdy  large  quantities.  The 
reactions  have  been  studied  from  the  point  of  view  of  the  investigator  who 
desires  to  synthesize  considerable  amounts  of  material,  or  to  acquire  data 
of  value  in  a  commerdal  application  of  the  reactions  involved. 

It  has  been  found  that  every  influence  that  has  been  studied,  which  can 
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be  brought  to  bear  upon  the  otidation  of  the  nitrotoluenes  with  alkaline 
potassitun  permanganate,  has  a  marked  effect  upon  the  results  obtained. 
While  it  might  natiu*ally  be  expected  that  entirely  different  kinds  of  changes 
in  the  conditions  of  oxidation  would  produce  widely  different  types  of 
changes  in  the  results,  this  is  not  the  case.  Whatever  change  of  condi- 
tions was  made,  it  was  found,  in  general,  that  the  result  was  merely  to 
cause  a  different  proportion  of  the  nitrotoluene  present  to  be  attacked  by 
the  oxidizing  agent.  The  yield  in  grams  of  nitrobenzoic  acid  is  altered, 
but  the  weight  of  unchanged  nitrotoluene  recovered  is  also  altered,  in  the 
inverse  direction,  and  in  such  a  manner  that  the  sum  of  the  two  remsuns 
not  far  from  a  constant  quantity.  This  holds  tme  to  a  striking  extent, 
notwithstanding  the  fact  that  certain  changes  of  procediu'e  do  cause  the 
"constant,"  as  well  as  the  quality  of  the  product,  to  vary  somewhat. 

These  facts  plainly  enable  us  to  draw  two  important  conclusions  with 
regard  to  the  oxidations,  as  follows:  First,  the  quantity  of  nitrotoluene, 
or  of  nitrobenzoic  add,  entirely  destroyed  by  the  oxidizing  agent,  is  es- 
sentially constant  for  each  nitrotoluene,  and  is  not  greatly  affected  by 
changes  in  the  oxidation  procediu'e.  Second,  inasmuch  as  the  perman- 
ganater,  usually  present  in  excess,  is  in  all  cases  entirely  reduced,  at  least 
two  entirely  independent  changes  take  place  at  the  same  time  in  the  reacting 
mixture,  namely,  the  oxidation  of  the  organic  compoimd,  and  the  decom- 
position .of  the  permanganate  into  manganese  oxides  and  free  oxygen. 
The  effect  of  altermg  the  conditions  or  procedure  is  thus  either  to  ac- 
celerate or  to  retard  one  or  the  other  of  these  changes,  which  will  cause  a 
greater  or  less  proportion  of  the  nitrotoluene  to  be  converted  into  the  corre- 
sponding add  before  the  whole  of  the  permanganate  present  has  been  re- 
duced. It  has  been  well  established  that  permanganate  is  nearly  alwajrs 
decomposed  with  the  evolution  of  oxygen  when  in  the  presence  of  any 
of  the  oxides  of  manganese,  and  these  must  of  necessity  be  present  in  the 
alkaline  reacting  mixture  as  soon  as  any  of  the  permanganate  has  been 
reduced  by  the  organic  matter  present.  It  has  been  shown,  however, 
that  if  a  solution  containing  alkali  and  permanganate,  in  the  proportions 
most  frequently  employed  in  this  work,  is  boiled  for  a  prolonged  period, 
no  decrease  in  its  oxidizing  power  can  be  detected  provided  it  contains 
no  organic  matter,  and  no  suspended  oxides  of  manganese. 

Tiuning  now  to  a  consideration  of  the  influence  upcoi  the  reaction  of 
the  specific  changes  of  conditions  which  have  been  studied,  it  is  found 
that  increasing  the  concentration  of  alkali  in  the  oxidizing  mixture 
up  to  a  certain  point /aiw5  the  oxidation  of  (7-nitrotoluene,  beyond  which 
point  a  further  increase  produces  essentially  no  effect,  all  other  condi- 
tions being  kept  constant.  By  this  increase  in  alkaline  concentration  the 
oxidation  of  the  meia  compound  is  hindered^  such  oxidation  being  most 
effective  in  an  essentially  neutral  mediiun;  while  that  of  the  para  isomer 
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is  jceoored  up  to  a  certain  point,  beyond  which  the  quality  of  the  product 
becomes  very  poor.  In  all  probability,  then,  the  presence  of  alkali  on 
the  one  hand  accelerates  considerably  the  oxidation  of  the  o-  and  p- 
nitrotoluene,  and  does  not  so  much  affect  that  of  the  m-nitrotoluene; 
while  on  the  other  hand  it  accelerates  to  a  certain  extent  the  decomposi- 
tion of  the  permanganate.  It  is  plain  that  if  the  alkali  accelerates  the 
oxidation  of  the  o-  and  the  ^-nitrotoluenes  more  than  it  does  the  decompo- 
sition of  the  permanganate,  the  oxidation  of  these  compounds  will  be 
favored  by  increasing  concentrations  of  alkali;  while  if  the  oxidation  of 
the  meia  isomer  is  not  accelerated  as  much  as  the  decomposition  of  the  oxi- 
dizing agent,  the  oxidation  of  this  derivative  will  be  hindered  by  the  pres- 
ence of  alkali. 

The  fact  that  the  oxidation  of  the  o-  and  ^-compounds  is  so  much  more 
accelerated  by  the  alkali  than  that  of  the  m-compound,  suggests  to  the 
writer  that  this  difference  in  behavior  is  due  to  the  difference  in  molecular 
construction  of  the  3  isomers.  It  is  well  known  that  aromatic  combina- 
tions which  can  assume  a  quinoid  structure  are  more  susceptible  to  chemi- 
cal attack  than  those  which  must  retain  the  benzenoid  form.  Theoreti- 
cally, especially  in  the  presence  of  alkali,  both  0-  and  ^nitrotoluene  can 
assume  a  quinoid  structure,  while  no  such  configuration  can  be  assigned 
to  the  m-compound.  Consequently  it  seems  logical  to  assume  that  the 
difference  in  dhemical  behavior  may  be  due  to  these  tautomeric  changes. 

Again,  there  is  some  evidence  in  the  literature^  to  the  effect  that  the 
presence  of  alkali  in  a  solution  in  which  potassium  permanganate  is  re- 
duced affects  the  physical  state  of  the  oxides  of  manganese  precipitated. 
It  is  known  that  these  oxides  are  very  active  in  inducing  the  decomposi- 
tion of  permanganate,  so  that  it  seems  reasonable  to  assume  that  the 
concentration  of  alkali,  in  otu"  oxidations,  might  affect  the  rate  of  decompo- 
sition of  the  oxidizing  agent.  In  all  cases  it  has  been  found  that  alkali 
increases  the  rate  of  reaction.  This  is  in  accord  with  the  assumptions 
which  have  been  made  regarding  the  quinoid  structure  in  the  cases  of  the 
(h  and  />-nitrotoluenes,  and  the  increased  rate  of  decomposition  of  the 
permanganate  in  the  case  of  the  m-isomer. 

An  increasing  dilution  of  the  reaction  mixture  favors  the  oxidation  of 
all  the  nitrotoluenes,  which  is  quite  what  would  be  expected  from  the 
statement  in  the  literature  that  an  increasing  concentration  of  a  per- 
manganate solution  stimulates  the  decomposition  of  the  permanganate 
into  manganese  oxides  and  free  oxygen.  Highly  concentrated,  alkaline 
oxidation  mixtiu-es  very  rapidly  b€KX)me  deep  green,  indicating  the  de- 
compostition  of  the  permanganate  directly  into  manganate  and  free 
oxygen.  It  was  found  in  the  oxidation  of  the  p-nitrotoluene  that  an  in- 
^  Jones,  /.  Chem.  Soc.,  33, 95  (1878). 
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creasing  quantity  of  permanganate  in  excess  of  the  theoretical  quantity 
favors  the  reaction  up  to  a  10%  excess,  but  not  beyond  this.  A  greater 
quantity  of  permanganate  merely  oxidizes  nitrotqluene  without  increasing 
tiie  jddd  of  nitrobenzoic  add.  The  10%  excess  also  seems  to  give  a  better 
quality  of  product,  and  was  arbitrarily  adopted  in  the  oxidation  <rf  the 
other  nitrotoluenes.  While  most  of  the  oxidations  described  in  this  in- 
vestigation were  carried  out  at  the  boiling  temperature  of  the  reacting 
mixtiu-e,  the  influence  of  lowering  the  temperature  was  studied  in  the 
case  of  the  /?-nitrotoluene.  The  yidd  obtained  was  considerably  de- 
creased, and  the  time  of  oxidation  greatly  increased  by  this  procedure. 
This  shows  that  while  lowering  the  temperature  decreases  the  rate  of 
decomposition  of  the  permanganate  into  manganese  oxides  and  free  oxy- 
gen, it  decreases  the  rate  of  oxidation  of  the  ^-nitrotduene  to  an  even 
greater  extent. 

Catal3rtic  influences  upoh  the  reaction  have  been  studied  in  the  oxi- 
dation of  0'  and  ^-nitrotoluenes,  by  carrying  these  out  in  3  different  types 
of  container,  one  of  iron,  one  of  copper,  and  one  lined  with  enamd,  which 
is  the  equivalent  of  one  of  glass.  It  was  fotmd  that  in  both  cases  nearly 
the  same  results  were  obtained  in  the  copper  and  the  enamel  lined  con- 
tainers; but  distinctly  lower  yidds,  and  products  of  poorer  quality,  in  the 
iron  container,  both  with  and  without  alkali.  Evidently  the  metallic 
iron  catalyses  the  decomposition  of  permanganate.  The  addition  of 
salts  of  caldum  and  magnesiiun  to  the  reaction  mixture  in  the  oxidation 
of  ^-nitrotoluene  in  neutral  solution  produced  no  noticeable  effect;  nor 
did  the  addition  of  pyridine  to  a  similar  oxidation  in  alkaline  solution, 
although  it  acts  as  a  strong  negative  catalyst  in  certain  permanganate 
reactions.^ 

Considering  the  results  from  the  point  of  view  of  position  in  the  benzene 
ring,  it  has  been  shown  that  ^-nitrotoluene  under  all  conditions  is  oxidized 
most  readily,  the  o-compoimd  next,  and  the  m-isomer  least.  There  seem 
to  be  no  valid  generalizations  in  the  literature  upon  the  rdative  rates  of 
oxidation  of  0-,  m-,  and  ^-compoimds  to  which  these  results  may  be 
compared  inteUigently.  It  appears,  however,  to  be  in  accord  with  general 
experience,  that  the  (?-compoimd  should  oxidize  somewhat  more  slowly 
than  the  p-isomer,  on  account  of  the  protective  influence  of  the  strongly 
negative  nitro  group  in  the  (^-position  to  the  methyl  group  (Remsen's 
law).  Why  the  m-isomer  should  be  so  resistant  to  oxidation  is  quite  ob- 
scure as  yet,  although  there  are  some  recorded  cases*  in  which  m-disubsti- 
tuted  benzene  derivatives  show  this  property.  As  far  as  my  work  has 
extended,  all  changes  of  the  conditions  of  oxidation  except  one,  affect 
the  3  isomers  in  the  same  general  way.    The  exception  is  the  influence  of 

*  Michael  and  Gamer,  Am.  Chem,  J.,  35,  267  (1906). 

«  Bruckner,  Ber.,  g,  406  (1876);  Renter,  Ibid.,  17,  2028  (1894). 
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alkali,  which,  as  has  akeady  been  described,  stimulates  the  oxidation  of 
the  O'  and  f -nitrotoluenes,  but  retards  that  of  the  m-derivative. 

m.  Experimental  Part. 
The  Preparation  of  Meta-nitrotoluene. 

All  the  nitrotoluene  employed  in  this  research  was  prepared  in  the 
laboratory  from  f-toluidine.  This  base  was  first  converted  into  its  acetyl 
derivative  by  digestion  with  glacial  acetic  add  and  the  acetate  then  sub- 
jected to  nitration^  with  a  mixture  of  sulfuric  and  nitric  adds.  It  was 
found  that  it  was  unnecessary  to  use  fuming  nitric  add  for  this  operation, 
and  the  results  of  several  preliminary  experiments  showed  that  the  best 
3ddds  are  obtained  by  nitrating  at  a  temperatiwe  of  30  to  40°.  The  re- 
sults of  a  series  of  nitrations  with  different  proportions  of  adds  are  re- 
corded in  the  table  bdow. 

Tabls  I. 
Nitrations  with  Different  Proporticms  of  Adds. 
20  g.  of  acetotoluide  used  in  each  experiment. 


Bxpt, 

Stilfuric  add 

(S.  G.  1.84). 

Cc 

Nitric 
add. 
Cc. 

Nitric 
add. 
Mols. 

Yield  of 

nitrotoluide 

%. 

M.P. 
Degrees. 

Character 
of  the 

-  I 

20 

68 

8 

85 

93-4 

Good 

2 

20 

59.5 

7 

85 

92-4 

Good 

3 

20 

51 

6 

83 

91-2 

Not  SO  pure 

4 

40 

42.5 

5 

77 

80- 

Impure 

5 

20 

42.5 

5 

88 

8S-92 

Not  very  pure 

6 

10 

42.5 

5 

77 

88-93 

Fairly  good 

7 

7-3 

34 

4 

78 

94-6 

Good 

8 

7.5 

25.5 

3 

78 

93-4 

Gpod 

9 

7.5 

22.5 

2.6 

79 

94-5 

Good 

10 

0 

22.5 

2.6 

67 

75-90 

Very  impure 

II 

7.5 

17 

2 

73 

90-4 

Good 

12 

3.0 

17 

2 

62 

92-4 

Good 

It  will  be  observed  that  the  proportions  represented  in  Kxpts.  8  and  9 
are  productive  of  the  maximum  yield  of  m-nitro-^-acetotoluide, 
CtHt(CHi)(NOi)«(NH.COCHa)*  for  a  low  molecular  concentration  of 
nitric  add.  The  proportions  represented  in  Bxpt.  8  were  finally  adopted 
as  most  advantageous  on  the  whole,  and  were  used  in  all  nitrations  upon 
a  large  scale.  The  product  so  obtained  is  of  good  quality,  and  the  )deld 
of  the  toluide,  78%  of  the  theoretical,  is  quite  satisfactory.  A  ''mixed 
add"  made  up  in  the  following  proportions  gives  good  restdts:  Nitric^ 
50%;  sulfuric,  25%;  and  water,  25%.  Twenty  g.  of  ^-acetotoluide  re- 
quires 50.5  g.  of  this  mixture.  It  has  been  my  experience  that  this  nitra- 
tion proceeds  very  quickly  and  that  it  is  not  necessary  to  let  the  mixture 

>  BeUstein  and  Kuhlberg,  Ann,,  155,  24  (1870};  Gattermann,  Bet,,  i8«  1482  (1885); 
Nolting  and  Collin,  Ibid.,  17, 264  (1884) ;  Noyes,  Am.  Chem.  J.,  xo,  475  (1888) ;  Reverdin 
and  Le  Due,  Ber.,  43,  3460  (1910). 
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stand  longer  than  15  minutes  after  final  addition  of  the  acetotoluide  to 
the  mixed  acids. 

The  acetyl  derivative  was  hydrolyzed  in  tjie  usual  manner  by  digestion 
ia  alcohol  with  sodium  hydroxide^  and  the  nitrotoluidine  then  subjected 
to  diazotization  and  reduction  with  alcohol  in  order  to  replace  the  amino 
group  with  hydrogen.-  A  greater  or  less  excess  of  sodiiun  nitrite  had  but 
little  effect  upon  the  )deld  of  nitrotoluene  produced,  and  an  excess  of 
20%  was  adopted  as  most  convenient.  I  introduced  one  modification 
in  Buchka's  method,  namely :  the  incorporation  of  copper  powder  to  catalyse 
the  reduction  reaction.  Although  this  metal  has  been  used  by  several 
investigators,  among  whom  may  be  mentioned  Tobias,'  St.  Von  Niemen- 
towski,*  Ullmann  and  Bieleck*  to  catalyze  the  evolution  of  nitrogen  from 
diazo  compounds  and  to  effect  condensations,  there  does  not  seem  to  ap- 
pear in  the  Uterature  any  description  of  its  use  in  a  process  where  reduction 
of  a  diazo  group  with  alcohol  is  appUed.  I  found  that  the  yields  of  nitro- 
toluene could  be  greatly  increased  by  use  of  the  metal,  and  in  the  follow- 
ing table  are  recorded  the  results  of  a  series  of  experiments  showing  its 
effect. 

Tabls  II. 
Effect  of  Copper  Powder  on  the  Diazotization. 
Weight  of  fii-NitTO-^toliiidine  in  Each  Case,  25  g.    Time  of  Standing  after  Diazotiza- 
tion; 3  Hours. 

Yield  of 
m-nitro- 
toluene. 
Expt.       Cc.         Cc.  Cc.  G.  %.  Remarks. 

1  95  14'  "-5  2  73  

2  95        14  22.5  2  72        Catalyzer    added    before 

diazotization 

3  95        14  22.5  o  59        Much  tar 

4  95         14  22.5         12.5        73        Little  tar 

5  63         14  22.5  2  63  

6  143         14  22.5  2  53  

7  95         14  22.5  2  67  


Nitrite  solu- 

Sulfuric 

Uon.  100  g. 

95% 

acid 

NaNOi  in 

Copper 

ilcohol 

.  (cone). 

165  cc.  HjO. 

powder. 

Cc. 

Cc. 

Cc. 

G. 

95 


33.8  2  82        Product   contained    chlo- 

rine 


It  has  been  my  experience  that  the  alcohol  recovered  from  a  reduc- 
tion process  cannot  be  used  again  successfully  as  the  aldehyde  impurity- 
interferes  with  the  reaction.  Attempts  to  reduce  the  diazo  compound 
with  stannous  chloride  in  hydrochloric  add  solution,  or  with  sodium 

»  Gatterman,  Loc.  cU,;  Noyes,  Ibid. 
s  Buchka,  Ber.,  23,  829  (1889). 
•  Ber,,  23,  1628  (1890). 
*/Hd.,  34,3325  (1901). 
»/WJ.,  34»2i74  (1901). 
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stannite  in  alkaline  solution  were  unsuccessful.  The  exact  procedure 
for  carrying  oat  the  preparation  of  nitrotoluene  from  w-nitro-/?-toluidine 
may  now  be  stmmmrized  as  follows: 

100  g.  of  f»-mtro-/>-toluidine  is  added  to  a  mixture  of  375  cc.  of  95%  alcohol  and 
56  cc.  of  sulfuric  add,  sp.  gr.  1.84.  The  mixture  is  heated  until  solution  is  complete, 
cooled  in  ice  water,  and  vigorously  stirred.  90  cc.  of  a  solution  of  sodium  nitrite, 
containing  100  g.  of  sodium  nitrate  in  165  cc.  of  solution,  is  allowed  to  flow  in,  drop  by 
drop,  during  a  period  of  about  20  minutes.  The  reaction  mixtiure  is  allowed  to  stand 
in  the  cold  for  3  hotu^.  8  g.  of  copper  powder  is  next  added,  in  portions,  and  the  flask 
placed  in  cold  water.  The  mixture  gradually  warms  to  about  40**,  and  the  nitrogen 
is  promptly  and  rapidly  evolved.  The  alcohol  is  then  distilled  off,  the  residue  steam 
distilled  and  extracted  with  ether.  After  the  removal  of  the  ether  the  crude  m-nitro- 
toluene  is  heated  to  its  boiling  point  to  expel  the  last  traces  of  ether  and  is  obtained 
as  a  red  oil  weighing  about  66  g.,  equivalent  to  73%  of  the  theoretical  yield.  The 
crude  product  is  purified  by  distillation.  With  the  apparatus  at  my  disposal,  its  boiling 
point  was  found  to  be  no®  at  15  mm.;  ii3-:i4**  at  18  mm.;  128®  at  32  mm.;  and  223** 
at  ordinary  pressure,  "uncorrected."  According  to  the  literature,  m-nitrotoluen  e 
boils  at  228-231®  ("imcorrected?")  and  melts  at  16®. 

The  Oxidation  of  the  Nitrotoluenes  with  Potassium  Permanganate. 

The  oxidation  of  the  3  nitrotoluenes  to  the  corresponding  nitrobenzoic 
adds  has  long  been  known,  and  has  been  carried  out  by  numerous  in- 
vestigators. The  oxidizing  agents  used  by  them  for  this  purpose,  notably 
potassium  dichromate  in  sulfuric  add  solution,  and  potassium  p^man- 
ganate  in  alkaline  solution,  have  been  very  frequently  applied,  both  in 
these  and  many  other  similar  oxidations.  A  careful  search  of  the  litera- 
ture, however,  has  failed  to  reveal  any  comparative  series  of  oxidations 
similar  to  that  described  in  the  following  pages.  A  summary  of  the 
niunerous  isolated  examples  which  are  recorded  is  not  necessary  at  this 
point. 

The  o-nitrotoluene  submitted  to  oxidation  was  purchased  in  the  market. 
It  was  quite  pure,  boiling  mostly  from  2i3to2i8°,  the  true  boiling  point 
being  218°,^  and  was  not  further  purified.  The  w-nitrotiduene  was  syn- 
thesized as  already  described,  and  the  purified  product  employed  in  the 
oxidation  experiments.  The  ^nitrotoluene  was  purchased  upon  the 
market.  It  mdted  at  54-6°,  the  true  mdting  point  being  54°,^  and  it 
was  used  directly  in  the  subsequent  work.  The  potassium  permanganate 
employed  as  the  oxidizing  agent  was  the  usual  commerdal  product.  Two 
large  lots  which  were  recdved  at  the  laboratory  were  analyzed  to  determine 
their  oxidizing  power  with  the  following  results : 

Lot  A.     I  g.  KMn04  ==0=  1.974,  i-97o  g.  HiCi04.2HiO. 
Calc,  I  g.  KMnO*  «0=  1.993  g.  HiCi04.2HtO. 
Lot  B.     I  g.  KMn04  =0=»  2.207,  2.212  g.  (NH4)iCt04.HiO. 
Cak.,  I  g.  KMnOi  =0=  2.247  g.  (NH4)tCi04JIiO. 

»  Ber.,  34,  1987  (1891). 

«  Z.  Chem.,  N.  P.,  i,  220  (1865). 
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Therefore,  the  oxidizing  power  of  the  permanganate  was  98.9,  98.4% 
of  the  theoretical  value.  As  this  potassium  permanagnate  was  very  nearly 
pure,  at  least  with  regard  to  its  oxidizing  power,  it  was  used  directly  as 
the  oxidizing  agent.  The  sodium  hydroxide  used  was  the  usual  high  grade 
commercial  product,  and  the  solvent  employed  was  water. 

The  only  part  of  the  apparatus  required  in  the  process  which  merits 
any  detailed  description  is  the  container  in  which  the  oxidation  took  place. 
In  order  to  determine  the  catalytic  effects  of  3  diflferent  metals  upon  the 
reactions,  3  different  types  of  ccmtainer  were  used.  They  were  a  copper 
kettle,  an  enamel  lined  iron  pot,  and  an  iron  drum.  The  copper  kettle 
was  made  especially  for  this  investigation.  The  enamel  lined  pot  had 
been  used  for  various  piuposes  for  some  time,  but  although  it  was  some- 
what corroded,  the  enamel  nevertheless  covered  almost  all  the  surface  of 
the  iron.  The  iron  drum  was  of  the  ordinary  commercial  variety,  and  was 
subjected  to  an  extremely  thorough  cleaning  before  it  was  used  in  this  work. 

The  general  method  employed  in  canying  out  the  oxidations  was  es- 
sentially the  same  in  all  cases,  and  was,  in  detail,  as  follows: 

The  water  was  first  measured  into  the  container,  and  the  desired  quan- 
tity, if  any,  of  sodium  hydroxide  weighed  out  and  added  to  it.  Next  the 
nitrotoluene  was  carefuUy  weighed  out — in  the  majority  of  cases  ac- 
curately to  o.i  g. — and  poured  into  the  sodium  hydroxide  solution.  The 
container  was  then  fitted  with  an  inclined  reflux  condenser,  and  the  con- 
tents heated  nearly  to  boiling.  In  the  meantime  the  potassium  perman- 
ganate to  be  used  was  weighed  and  divided  into  a  number  of  approxi- 
mately equal  parts,  the  first  of  which  was  added  in  the  solid  state  to  the 
hot  alkaline  solution  containing  the  nitrotoluene  in  suspension.  The 
mixture  was  finally  heated  to  boiling.  When  the  pink  color  imparted  to 
the  solution  by  the  permanganate  had  disappeared,  the  next  portion  was 
added,  and  so  on  until  all  had  been  used  up.  The  product  was  then  dis- 
tilled with  steam,  to  recover  the  unchanged  nitrotoluene.  The  steam 
distillate  was  extracted  with  ether,  the  ether  solution  dried,  and  the  ether 
removed  in  the  usual  way.  After  the  ether  had  distilled  off  the  residue 
was  heated  for  a  time  on  the  boiling  water  bath,  to  expel  the  last  traces, 
and  then  cooled  and  weighed.  The  main  solution  was  washed  out  of  the 
container,  evaporated  over  a  free  flame  to  a  convenient  volume,  and  filtered 
from  the  precipitated  oxides  of  manganese.  The  filtrate  was  then  further 
evaporated,  and  filtered  again  to  remove  the  traces  of  manganese  oxides 
which  nearly  alwa3rs  passed  through  the  filter  in  the  colloidal  condition 
the  first  time.  The  filtrate,  which  was  usually  yellow  in  color  and  con- 
tained sodium  nitrobenzoate,  was  finally  further  concentrated  and  acidified 
hot,  with  cone,  hydrochloric  add.  After  cooling  the  solution,  the  nitro- 
benzoic  add  which  was  deposited  was  filtered  off,  dried  and  weighed. 
It  was  not  further  purified. 


Digitized  by 


GooQle 


SIDB  CHAIN  OXIDATIONS.  1 569 

In  the  oxidation  of  o-nitrotoluene,  a  25  g.  sample  was  used,  but  the 
results  have  all  been  calculated  on  the  basis  of  a  50-g,  sample  for  the  sake 
of  uniformity.  The  time,  in  general  required  to  decolorize  one  portion 
of  the  permanganate  varied  from  half  an  hour  to  an  hour,  depending  upon 
the  proportion  of  alkali  present.  In  aU  cases,  the  presence  of  alkali  in 
the  oxidation  mixture  increased  the  velocity  of  the  reaction.  The  sodium 
o-nitrobenzoate  solutions  were  light  yellow  in  color,  but  of  a  progressively 
deeper  shade  as  the  alkalinity  of  the  oxidation  mixture  increased.  The 
^-nitrobenzoic  acid  always  separated  in  the  crystalline  condition,  the  color 
of  the  product  varying  from  almost  pure  white  to  distinctly  yellow,  follow- 
ing, in  general,  the  color  of  the  solution  from  which  it  separated.  The 
solubility  determinations  of  Oechsner  de  Coninck^  show  that  a  saturated 
solution  of  (?-nitrobenzoic  acid  in  dil.  hydrochloric  add  contains  somewhat 
over  2  g.  of  the  former  in  500  cc.,  at  8.5°.  The  solutions  were,  therefore, 
evaporated  to  approximatdy  that  volume  before  precipitation,  and  cooled 
to  8  or  9®  before  filtration.  Two  g.  was  then  added  to  the  weight  of  add 
obtained  in  order  to  get  the  true  yidd.  The  product  was  in  every  case 
nearly  pure  o-nitrobenzoic  add.  It  mdted  at  139-42®,  but  smtered  at 
a  slightly  lower  temperature.  The  mdting  points  given  in  the  literature 
arei4iVi45Vi47'*-'' 

The  m-nitrotoluene  was  also  oxidized  in  25  g.  samples,  but  the  results 
calculated  on  the  basis  of  a  50-g.  sample.  The  oxidation  was  at  only  a 
little  slower  rate  than  that  shown  by  the  ortho  compound.  It  was  accd- 
crated  by  the  presence  of  alkali.  The  color  of  the  solutions  and  that  of 
the  product,  which  invariably  separated  in  the  crystalline  condition,  varied 
from  white  to  yellow,  depending  upon  the  proportion  of  alkaU  present, 
as  in  the  case  of  the  oriko  compound.  Following  the  solubiUty  determina- 
tions of  de  Coninck,  the  solutions  were  evaporated  to  500  cc,  cooled  to 
20®  and  1.5  g.  added  to  the  wdght  of  add  obtained  in  each  oxidation, 
to  allow  for  the  quantity  remaining  in  the  mother  liquors.  The  m-nitro- 
benzoic  add  mdted  at  136-8°  and  was  a  satisfactory  product.  The  mdt- 
ing point  is  given  in  the  literature  as  140-1  °^ 

The  ^-nitrotoluene  was  oxidized  in  50-g.  samples.  Inasmuch  as  it  is 
a  solid  at  ordinary  temperatiures,  Ihe  extraction  of  the  steam  distillate 
with  ether  was  unnecessary.  The  tmchanged  material  was  filtered  off, 
dried  at  a  low  temperature,  and  wdghed.  The  speed  of  oxidation  of  the 
para  compound  was  always  essentially  twice  as  great  as  that  of  the  ortho 
isomer,  and,  furthermore,  was  twice  as  great  in  an  alkaline  as  in  a  neutral 

^  CompU  rend.,  118,  538  (1894). 
« Ann.,  163,  135  (1872). 
•  Ibid.,  166,  133  (1873). 
*/Wd.,  193,  221  (1878). 
»/W.,  193,  213  (1878). 
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solution.  Thus  it  required,  in  an  alkaline  medium,  only  about  15  minutes 
to  decolorize  one  portion  of  the  permanganate.  The  aUcaline  solutions  of 
sodium  /?-nitrobenzoate  varied  in  color  all  the  way  from  very  light  yellow 
to  dark  red,  and  the  precipitated  product  was  either  amorphous  or  crys- 
talline, depending  chiefly  upon  the  quantity  of  alkali  present  during  the 
oxidation.  The  amorphous  variety  varied  in  color  from  .reddish  brown- 
through  brown  to  Ught  gray,  while  the  crystalline  modification  varied 
from  light  brown  through  pink  to  almost  pure  white.  As  /?-nitrobenzoic 
ajdd  is  exceedingly  insoluble  in  water,  the  solutions  were  not  evaporated 
to  a  volume  much  less  than  one  liter,  and  no  correction  was  applied  for  the 
add  remaining  in  the  mot}ier  liquors.  The  solutions  were  filtered  cold. 
The  products  in  nearly  all  cases  melted  at  234-7® — a  few  at  about  230*^. 
The  true  melting  point  of  /?-nitrobenzoic  add  is  given  as  238®.^ 

In  all  the  oxidations,  the  products  having  the  best  appearance,which 
were  aystalline,  and  white  or  nearly  so,  were  obtained  from  neutral 
oxidation  mixtiires,  but  such  products  were  no  more  pure  than  the  rest^ 
as  shown  by  their  mdting  points.  In  cases  where  the  percentage  concen- 
tration of  the  alkali  in  the  solution  was  high,  the  pink  color  of  the  per- 
manganate very  rapidly  gave  place  to  a  deep  green.  If  the  alkali  con- 
centration was  low  no  green  color  whatever  was  produced.  Lastly,  the 
oxides  of  manganese  predpitated  in  a  neutral  oxidation  were  darker  and 
denser  than  those  which  were  formed  in  the  presence  of  alkali. 

The  Oxidation  of  o-Nitrotoluene,  C«H4(CH8)KN02)^— The  first  study- 
made  in  the  oxidation  of  (7-nitrotoluene  was  that  of  the  influence  of  a 
varying  cc)ncentration  of  alkali  upon  the  reaction.  The  quantity  of  per- 
manganate used,  128  g.,  was  10%  in  excess  of  the  calculated  amount,, 
which  is  1 16  g.  for  a  50-g.  sample.  This  excess  had  previously  been  found 
most  advantageous  in  the  oxidation  of  ^-nitrotoluene.  The  results  ob- 
tained are  summarized  in  the  following  table: 

Tabjm  III. 

(Oxidations  of  o-Nitrotoluene  in  the  Copper  Containers.) 

50  g.  of  o-Nitrotoluene,  128  g.  of  Potassium  Permanganate  and  3150  cc.  of  Water 

Used  in  Each  Experiment. 

NaOH. 
Expt.  G. 

I o 

2 4 

3 8 

4 16 

5 32 

6 64 

7 84 

8 104 

9 128 

*  Ann.,  193,  226  (1878). 


Unchanged 

»-nitrotoluene. 

G. 

Yield  of  o-nitro- 

benzoic  add. 

G. 

Yield  + 

unchanged 

G. 

12. 0 

38.0 

50 

9.8 

37.0 

47 

8.6 

38.8 

47 

7.2 

40.8 

48 

6.2 

41.0 

47 

6.2 

44.6 

51 

4.6 

45-2 

50 

5.2 

44.6 

50 

4.8 

45.4 

50 
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Fig.  I 


10     to  so  40    50    60    10    BO  90   lOO  110   ItO  190  G       NaOH 

. — 0-NitrobeDzotc  acid  produced  and  o-nitrotoluene  recovered  vs,  alkali. 


The  restilts  show  that  an  increasing  percentage  concentration  of  the 
alkali  in  the  solution  favors  the  oxidation  of  (?-nitrotoluene  up  to  a  certain 
point,  but  beyond  that  has  but  little  eflfect.  Expt.  6  represents  the  most 
favorable  concentration. 

Next  a  study  of  the  influence  of  dilution  upon  the  oxidation  was  made, 
both  with  and  without  the  optimum  concentration  of  alkali.  The  re- 
sults are  recorded  below: 

Tablb  IV. 

Effect  of  Dilution. 

Oxidations  in  the  Copper  Container. 

50  g.  of  o-Nitrotoluene  and  128  g.  of  Potassium  Permanganate  Used  in  Each  Experiment. 


Expt. 
I.... 
2.... 

3 

4 

5 

6.... 
7 


Portions 

of 
KMnOi. 


Water. 
Cc. 

500 
1575 
3150 
6300 

500 
1575 
3150 


NaOH. 
G. 

64 
64 
64 
64 
O 
O 

o 


Unchanged 

o-nitro- 
tolnene.  G. 

29.4 

10.2 

6.2 

5.4 
23.6 

13.4 
12.0 


Yield  of 

o-nitrobensoic 

add.  O. 

9.4 
37.6 
44.6 

49.8 
18.8 

31.4 
38.0 


Yields- 
unchanged. 
G. 

39 

48 

51 

55 

42 

45 

50 


In  the  absence  of  alkali,  the  time  required  to  decolorize  Vs  of  the  per- 
manganate was  as  high  as  1.5  hours.  The  results  show  that  both  with  and 
without  alkali,  increasing  dilution  very  greatly  favors  the  oxidation. 
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^5  \0OO      MOO       9000     4000       9000      6000       7000  m  KsO(MaOH,64«     ) 

Pig.  2. — o-Nitrobenzoic  add  produced  and  o-nitrotoluene  recovered  vs,  dilution. 

A  study  of  the  catal3rtic  effect  of  the  container  upon  the  oxidation  was 
now  carried  out  with  the  following  results: 

Tablb  V. 

Catalytic  Effect  of  the  Container. 

50  g.  of  o-Nitrotoluene»  128  g.  of  Potassium  Permanganate  in  4  Portions,  and  3150  cc 

of  Water  Used  in  Each  Experiment. 

Unchanged  Yield  of  Unchanged 

NaOH.     o-nttrotoluene.     o-nitrobenzoic  +  3rield.         Container 

Ezpt.  G.  O.  add.   G.  G.  used. 

1 64  14.0  36.0  50  Iron 

2 64  6.2  44.6  51  Copper 

3 64  7.0  44.0  51  Enamel 

4 64  8.2  42.8  51  Enamel 

5 o  14.0  32.0  46  Iron 

6 o  12.0  38.0  50  Copper 

7 o  14.0  36.0  50  Enamel 

Here  it  is  seen  that  both  with  and  without  alkali,  the  oxidations  per- 
formed in  the  copper  and  enamel  containers  gave  essentially  the  same  re- 
sults, while  those  carried  out  in  the  iron  drum  gave  a  lower  yield.  They 
also  gave  a  more  highly  colored  product. 

The  best  conditions  found  for  oxidizing  o-nitrotoluene  to  (7-nitrobenzoic 
acid  are  those  represented  in  Expt.  2,  Table  V.  The  product  obtained 
is  satisfactory,  and  the  yield  is  73%  of  the  theoretical  amotmt.  If  the 
unchanged  nitrotoluene  recovered  is  allowed  for,  the  yield  becomes  84% 
of  the  calculated  amount.    The  yield  obtained  in  B^qpt.  4,  Table  IV, 
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is  considerably  higher,  but  the  dilution  is  so  great  that  it  is  not  practical 
to  employ  the  proportions  there  used. 

The  Oxidation  of  w-Nitrotoluene,  C«H4(CH8)KNOj)*.— The  reagents, 
apparatus,  methods  of  operation  and  general  considerations  have  already 
been  described. 

The  influence  of  alkali  upon  the  oxidation  was  first  studied,  and  the  re- 
sults obtained,  which  were  quite  unexpected,  are  summarized  below: 


Tabus  VI. 

Influence  of  Alkali. 

Oxidations  in  the  Copper  Container. 

50  g.  of  m-Nitrotoluene,  128  g.  of  Potassium  Permanganate  in  4  Portions  and  3150  oc 

of  Water  Used  in  Each  Experiment. 

NaOH. 
Bzpt.  G. 

I o 

2 4 

3 8 

4 16 

5 32 

6 64 

7 84 

8 104 

9 128 


Unchanged 

fln-nitrotolnene. 

G. 

Yield  of 

m-nitrobensolc 

add.  0. 

Unchanged 

+  yield. 

0. 

20.2 

27.1 

47 

19.6 

27.3 

47 

20.6 

25.9 

47 

20.8 

24.9 

46 

22.4 

22.7 

45 

25.2 

18.9 

44 

26.8 

17.7 

45 

28.0 

16.5 

45 

28.4 

16. 1 

45 

Pig.  3 


15    todo4050607oao  90  100  110  movBo'i     hoOH 
^Nitrobenzoic  add  produced  and  m-nitrotoluene  recovered  vs.  alkali. 
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The  results  show  that  in  this  case  the  effect  of  the  alkali  is  just  the  re- 
verse of  what  it  is  in  the  oxidation  of  the  ortho  compound,  as  here  an  in- 
crease in  the  percentage  concentration  of  the  alkaU  in  the  oxidizing  mix- 
ture hinders  the  oxidation,  which  is  most  efficient  in  an  essentially  neutral 
medium. 

The  influence  of  various  degrees  of  dilution  upon  the  reaction  is  shown 
by  the  following  summary: 

Tablb  VII. 

Influence  of  Various  Degrees  of  Dilution. 

Oxidations  in  the  Copper  Container. 

50  g.  of  fii-Nitrotoluene  and  128  g.  of  Potassitun  Permanganate  Used  in  Each  Ezperi- 

ment. 


Bzpt. 
i... 
2.. 
3... 
4.. 
5.. 


Portions 

of 
KMn04. 


8 

4 

2 


Water. 
Cc. 

500 

1000 

1575 

3150 

6300 


Unchanged 
NaOH.    m-nitrotoluene 


G. 
O 
O 
O 
O 
O 


G. 

32.0 

25.2 

23.4 
20.2 
17.2 


Yield  of 

m-nitrobenzoic 

add.    G. 

8.7 

19. 1 
27.1 
32.3 


Unchanged 

+  yield. 

G. 

41 
40 

43 
47 
50 


0  1000         ZOOO       3000       AOOO       SOOO      QOOO        1000  CC  Hw.0 

Fig.  4. — w-Nitrobenzoic  acid  produced  and  w-nitrotoluene  recovered^j.  dilution. 


These  results  indicate  that  the  oxidation  of  the  m-nitrotoluene,  in  com- 
mon with  that  of  the  ortho  compound  is  greatly  favored  by  increasing  di- 
lution of  the  solution. 
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The  most  advantageous  conditions  for  the  oxidation  of  m-nitrotoluene 
are  on  the  whole  represented  in  Expt.  i,  Table  VI.  The  product  is  of 
good  quality,  and  the  )deld  is  44%  of  the  theoreticaL  If  allowance  is 
made  for  the  unchanged  nitrotoluene  recovered,  the  yield  is  raised  to 
74%  of  the  calculated  amount.  As  in  the  case  of  the  oriho  compound, 
a  higher  dilution  improves  the  )deld  (Expt.  5,  Table  VII),  but  is  hardly 
practical  for  general  use. 

To  determine  whether  or  not  the  potassium  permanganate  was  de- 
composing spontaneously  in  the  boiling  solutions,  16.0  g.  of  permanganate, 
1575  cc.  of  water,  and  32  g.  of  sodium  hydroxide  were  placed  in  the  copper 
kettle,  and  the  mixture  boiled  for  about  8  hours.  Before  boiling  the  solu- 
tion, an  aUquot  part  was  taken  out  and  titrated  against  a  standard  solu- 
tion of  ammonium  oxalate,  containing  0.0100  g.  per  cc.  After  boiling  the 
solution,  another  aliquot  part  was  taken  out  and  titrated  in  a  similar 
manner.  It  oxidized  an  amount  of  oxalate  identical  with  the  first.  There- 
fore, the  oxidizing  power  of  the  potassium  permanganate  solution  was 
not  decreased  by  boiling  it  for  8  hotu^  in  an  alkaline  solution  of  a  strength 
equal  to  that  employed  in  the  oxidation  experiments  which  gave  the  best 
results. 

To  this  permanganate  solution  was  next  added  2.5  g.  w-nitrotoluene, 
and  the  boiling  resumed.  A  partial  reduction  of  the  permanganate  took 
place  immediately,  but  the  last  of  the  pink  color  of  the  solution  disap- 
peared very  gradually,  about  7  hours  of  boiling  being  required  to 
decolorize  the  mixture  entirely.  The  resulting  solution  was  worked 
up  in  the  usual  manner.  There  was  recovered  0.4  g.  of  unchanged 
nitrotoluene,  and  the  yield  of  m-nitrobenzoic  add  produced  was  2.1  g. 
(=  0.6  +  1.5). 

This  indicates  that  a  small  amount  of  the  m-nitrobenzoic  acid  had  been 
burned  up,  and  that  the  presence  of  the  organic  matter  in  the  solution  did 
not  catalyze  the  decomposition  of  the  permanganate  to  any  very  significant 
extent. 

The  Oxidation  of  />-Nitrotoluene,  C«H4(CH3)KNOj)*-— The  oxidation 
of  the  f -nitrotoluene  was  investigated  much  more  fully  than  that  of  either 
of  the  other  two  isomers;  and  some  of  the  relative  proportions  of  the  re- 
agents involved  which  were  adopted  in  the  oxidations  of  the  other  nitro- 
toluenes,  were  derived  from  the  results  of  the  work  upon  the  para  com- 
pound. The  reagents,  the  apparatus,  and  the  general  method  are  de- 
scribed above.  The  oxidizing  mixture  first  used  was  approximately  that 
suggested  by  Noyes^  the  quantity  of  permanganate  employed  being  the 
calculated  amount. 

^  "Organic  Chemistry  for  the  Laboratory,"  1897,  p.  26.     Chem.  Pub.  Co.,  Eas- 
ton,  Pa. 
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The  first  study  made  was,  as  usual,  upon  the  influenoe  of  alkali  upon 
the  oxidation,  and  the  results  obtained  are  expressed  in  the  table  below: 

Tablb  VIII. 

Tnflnenrr  of  Alkali. 

Ozidatiaiis  in  the  Snamd-lined  Container. 

50  g.  of  ^Nitrotdiieiie,  116  g.  of  Potassium  Pennanganate  in  5  Portions  and  1575 

cc  of  Water  Used  in  Each  Experiment. 


NaOH. 

Bzpt.  O. 

1 4 

2 8 

3 16 

4 32 

5 64 

6 laS 


Unchanged 

^nitrotolucne. 

O. 

15 

12 

13 

8 

9 

5 


Yiddof 

^-nitrobcnxoic 

add.  O. 

32 

34 

36 

39 

39* 

42 


Unchanged 

0. 

Character  of  ptodoct. 

47 

Amorphocis 

46 

Amorphous 

4» 

Amorphous 

47 

Amorphous 

48 

Amorphous 

47 

Reddish  and  amorphous 

'0     fo    £0   so  'K)  90   00  70  ao  90  100  no  ito  I'M  Q      NaOH 
Fig.  5. — ^Nitrobenzoic  add  produced  and  ^nitrotoluexie  recovered  vs.  alkali. 


These  results  indicated  that  an  increasing  percentage  concentration  of 
alkali  in  the  solution  favors  the  p-nitrotoluene  oxidation  up  to  a  certain 
point  only,  and  that  the  best  concentration  was  that  used  in  Bxpt.  5.  It 
was  employed  in  most  subsequent  oxidations. 

The  influence  of  dilution  was  next  studied,  with  the  following  results: 

>  Precipitated  add,  after  filtration,  washed  by  decantation. 
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Tablb  IX. 
Influence  of  Dilution. 
*    Oxidations  in  the  Enamel-Lined  Container. 
50  g.  of  ^Nitrotoluene  and  116  g.  of  Potassium  Pennanganate  Used  in  Each  Experi- 
ment. 


Bxpt. 
I... 
2... 
3... 

4... 


Portions 
XMnOi. 

.   15 

.   5 

•   3 

I 


Water. 

500 
1575 
3150 
6300 


Unchanged 
NaOH.  ^>nitrotolu- 
G.  ene.  O. 


64 
64 

64 


14 
9 
5 
6 


Yield  of 

^nitroben- 

zoic  add.  O. 

32 

39* 

43» 

43* 


Undianged 

G.       Character  of  product. 


46 
48 
48 
49 


Amorphous 
Amorphous 
Amorphous 
Amorphous 


Oxidations  in  the  Copper  Container. 
50  g.  of  ^Nitrotohiene  and  128  g.  of  Potassium  Permanganate  Used  in  Each  Experi- 
ment. 

5 8         500         o  21.8  22.0  44  .... 

6 8        1575  o  12.4  34.8  47  

7 4        3150         o  9.0  45.0  54        Crsrstalline  (nearly 

white) 


0  1000       ZOOO      5000      ^000      5000       «ooo      7000  c«  H,0  NaOH,64g- 

Fig.  6. — ^Nitrobenzoic  add  produced  and  />-nitrotoluene  recovered  w.  dilution. 

These  results  show  that  increasing  dilution  favors  the  oxidation  both 
with  and  without  alkali,  and  that,  on  the  whole,  the  proportion  of  water 
used  in  Expt.  3  is  the  best.    This  was  used  in  subsequent  oxidations. 

The  influence  upon  the  oxidation  of  employing  dififerent  amounts  of 

'  Precipitated  add  washed  by  decanCation. 

*  Predpitated  add  dissolved  in  alkali,  filtered  and  repredpitated. 

*  The  same  amount  allowed  for  inorganic  material  in  the  predpitate  as  was  allowed 
in  Bxpt.  3,  f .  e.,  3  g. 
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permanganate  in  excess  of  the  calculated  quantity  was  next  investigated. 
The  results  are  given  in  the  following  scheme: 

Tabus  X. 

Influence  of  Excess  of  Permanganate. 

Oxidations  in  the  Enamd-Lined  Container. 

^o  g.  of  ^Nitrotoluene,  3150  cc  of  Water  and  64  g.  of  Sodium  Hjfdroxide  Used  in  Eadi 

Experiment. 


Bxpt. 
I... 
3... 
3... 
4... 
5... 


KMn04. 
G. 

.      116 

122 

.       128 

.       141 

.       155 


Portions 
KNn04. 

3 
3 

4 
4 
4 


Unchanged 

^-nitrotolu- 

ene.   O. 

5 

4 
3 
2 
0.4 


Yield  of 
^nitroben* 
zoic  add.   G. 

43* 

40 

52 

52 

52 


Unclianfed 

+  yield. 

O. 

48 

54 

55 

54 

52 


Character 
of  product. 

Amorphous 
Amorphous 
Oystalline 
Oystalline 
Crystalline 


KMna!4. 

Pig.  7. — ^^Nitrobenzoic  acid  produced  and  ^nitrotoluene  recovered  vs.  permanganate 
in  excess  of  the  calculated  quantity. 

The  best  results  were  obtained  in  Bxpt.  3,  in  which  permanganate  10% 
in  excess  of  the  theoretical  amount  was  used.  This  excess  was  subse- 
quently employed,  not  only  in  this  series  of  oxidations,  but  also  in  the 
other  two  series. 

A  study  of  the  influence  of  temperature  upon  the  reaction  necessitated 
a  slight  change  in  the  apparatus,  namely,  the  introduction  of  a  vigorous 
mechanical  stirrer  which  was  used  in  the  oxidations  taking  place  below 
the  boiling  temperatiure  of  the  solution.    The  results  follow: 
^  Precipitated  add  dissolved  in  alkali  and  reprecipitated. 


Digitized  by 


GooQle 


siDB  Chain  oxidations.  1579 

Tablb  XI. . 

Influence  of  Temperature. 

Oxidations  in  the  Enamel-Lined  Container. 

50  g.  of  ^Nitrotoluene,  128  g.  of  Potassitmi  Permanganate  in  4  Portions,  3150  cc.  of 

Water,  and  64  g.  of  Sodium  Hydroxide  Used  in  Each  Exi>eriment. 

Unchanged  Yield  of  Undianged 

|»-nitrotola-  ^-nitroben-  +  jrield.         Temperature.  Character 

Bzpt.  ene.   G.  zoic  add.   O.  G.  Degrees.  of  product. 

1 8  46  54  60-65  Very  oystaUine 

2 8  45  53  85  Very  crystalline 

3 3  52  55  Boiling  point    Crystalline 

The  boiling  temperature  is  thus  found  to  be  most  favorable  to  the  oxida- 
tion. The  time  of  oxidation  was  greatly  increased  by  a  decrease  in  the 
temperature.  In  Expt.  i,  it  required  2  hours  of  heating  to  decolorize 
V4  of  the  permanganate  as  compared  with  approximately  15  minutes  in 
Expt.  3. 

The  influence  of  the  container  upon  the  oxidation  was  now  studied, 
both  in  the  neutral  and  alkaline  solutions.  The  results  are  given  in 
Table  XII. 

Tablb  XII. 
Influence  of  the  Container.  , 

30  g.  of  ^Nitrotc^uene,  128  g.  of  Potassium  Permanganate  in  4  Portions,  3150  cc.  of 
Water,  and  54  g.  of  Sodium  Hydroxide  Used  in  Each  Experiment. 

Unchanged        iw Yield  of  Unchanged 

^-nitrotolu-      ^-nitroben-  +  yield. 

Expt.  ene.   G.       soic  add.   G.  G.  Container.  Character  of  product. 

1 4  47  51  Iron  Amorphous 

2 6  46  52  Iron  Amorphous 

3 4  50  53  Copper  Amorphous  but  lighter  colored 

4 3  48  51  Copper  Amorphous  but  lighter  colored 

5 3  52  55  Enamel  Crystalline 

•6 3.8  30  54  Enamel  Crystalline  but  tinged  brown 

No  sodium  hydroxide  used  in  the  following  experiments. 

7 II  39  50  Iron  Crystalline  but  tinged  brown 

8 13  38  50  Iron  Crystalline  but  tinged  pink 

9 9  45  54  Copper  Crystalline  nearly  white 

10 10  44  54  Enamel  Crystalline  nearly  white 

These  results  indicate  that  oxidations  conducted  in  the  iron  drum  give 
in  all  cases  both  the  poorest  yield  and  the  poorest  quaUty  of  product. 
Those  carried  out  in  the  copper  and  enamel  containers  give  approximately 
the  same  yields,  but  the  quality  of  the  resulting  product  is  better  when 
the  enamel-lined  pot  is  used.  In  all  cases  the  absence  of  alkaU  in  the 
oxidation  mixtiure  greatly  decreases  the  )deld,  but  improves  the  quality 
of  the  product.  The  best  appearing  product  was  obtained  in  Expts.  9 
and  10,  but  it  failed  to  melt  any  more  sharply  than  the  rest. 

The  best  conditions  which  were  attained  for  the  oxidation  of  p-nitro- 
toluene  are  those  represented  in  Expt.  5.  The  amotmt  of  material  re- 
<x)vered  unchanged  was  at  a  minimum,  and  the  yield  of  acid  at  a  maximum. 
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The  product  was  entirely  crystalline,  and  of  a  light  grayish  color.  It  was 
obtained  in  an  85%  yield.  If  the  unchanged  material  is  allowed  for  the 
yield  is  raised  to  91%  of  the  calculated  quantity. 

A  number  of  experiments  were  made  stud)ring  various  isolated  influ- 
ences which  may  be  brought  to  bear  upon  the  oxidations  of  ^-nitrotoluene, 
which  did  not  fit  especially  well  in  any  of  the  above  series.  The  results 
of  these  are  collected  in  the  following  table: 

Tablb  XIII. 

Other  Experiments. 

Oxidations  in  the  Enamel-Lined  Container. 

Using  50  g .  of  ^Nitrotoluene,  128  g.  of  Potassitmi  Permanganate  and  3150  cc.  of  Water. 

Unchanged   Yield  of  Un> 

^nitro-     ^-nitro-  changed 

Portions     NaOH.         tolu-       benzoic  +  jrield. 

Expt.                 SIMnO.          G.          ene.  O.    add.  G.  G.              Character  of  product. 

1 8  64  2  51  53  Crystalline 

2 4  64  3  52  55  Crystalline 

3 4  102*  II  39  50  Cnrstalline  tinged  pink 

4 4  45*  10  38  48  Crystalline  tinged  pink 

5(a) 5  64  6  48  52  Amorphous 

Using  50  g.  of  ^Nitrotoluene,  1 16  g.  of  Potassium  Permanganate  and  500  cc  of  Water. 

6(b) 5  20  25  20  45  Amorphous 

7(b) 15  20  19  25  44  Amorphous 

Using  50  g.  of  ^Nitrotoluene,  1 16  g.  of  Potassium  Permanganate  and  3150  cc.  of  Water. 

8 3  128  4  44*  48  Amorphous 

9(c) 64  4  47^  51  Amorphous 

Using  100  g.  of  />-Nitrotoluene*,  256  g.  of  Potassitun  Permanganate  and  3150  cc.  of 

Water. 
10 8  64  14  85  99  

Expts.  I  and  2  indicate  the  effect  upon  the  oxidation  of  var3dng  only 
the  number  of  portions  in  which  the  permanganate  is  added.  The  smaller 
number  of  portions  is  as  advantagf^us,  if  not  more  so,  than  the  larger. 

Expts.  3  and  4  show  the  results  of  limiting  the  alkaline  strength  of  the 
solution  to  that  of  Mg(OH)2  and  Ca(0H)2,  respectively.  They  also  illus- 
trate the  influence  of  the  metals,  if  any.  The  product  obtained  under 
these  conditions  was  of  very  good  quality,  but  the  yield  was  poor. 

Expt.  5  was  carried  out  to  show  any  catalytic  effect  of  pyridine  upon 
the  oxidation.  The  presence  of  the  pyridine  only  decreased  the  yield 
sUghtly. 

In  Expt.  9  the  permanganate  was  added  gradually,  in  hot  solution^ 
1 16  g.  of  permanganate  to  400  cc.  of  water,  to  note  the  effect  of  increasing 

»  MgS04.7HiO.    Alkaline  strength  of  Mg(OH)j. 

*  CaClt,  anhydrous.    Alkaline  strength  of  Ca(OH)s. 

*  Allowed  4.8%  for  SiOa  in  the  product,  according  to  analjrsis. 

*  In  two  50  g.  portions. 

(a)  25  g.  pyridine  added. 

(b)  NaOH  and  water  reduced  proportionately  from  Expt.  5,  Table  VIII. 

(c)  KMn04  added  in  solution. 
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to  infinity  the  number  of  portions  in  which  the  oxidizing  agent  was  added. 
This  procedure  is  troublesome  and  of  no  advantage. 

Bxpt.  10  shows  that  increasing  the  concentration  of  the  organic  matter 
in  the  mixture,  while  the  concentration  of  alkali  in  the  solution  remains 
constant,  decreases  the  3deld  obtained. 

To  determine  whether  or  not  f -nitrobenzoic  add  was  oxidized  itself 
by  alkaline  permanganate,  the  following  experiment  was  tried.  Nine  g. 
of  />-nitrobenzoic  add,  985  cc.  of  water,  3  g.  of  sodium  hydroxide,  and  21 
g.  of  permanganate  (added  in  5  separate  portions)  were  boiled  together 
under  a  reflux  condenser.  Each  portion  required  about  'A  hour  to  become 
decolorized.  When  the  solution  had  become  colorless,  the  mixture  was 
filtered  and  addified,  and  there  was  recovered  6  g.  of  the  add.  Three  g. 
had,  therefore,  been  burned  up,  which  would  theoretically  reduce  24  g. 
of  permanganate  if  converted  entirely  into  carbon  dioxide  and  water. 

Summary. 

A  comparative  study  of  experimental  conditions,  which  have  an  in- 
fluence on  the  oxidation  of  the  isomeric  nitrotoluenes  by  means  of  potas- 
sium permanganate  in  alkaline  solution,  have  led  to  the  following  results: 

(i)  A  gradually  increasing  concentration  of  alkali  in  the  oxidizing  mix- 
ture favors  the  oxidation  of  o-  and  />-nitrotoluene,  up  to  a  certain  point, 
while  the  oxidation  of  the  m-compound  takes  place  best  in  an  essentially 
neutral  medium. 

(2)  An  increasing  dilution  of  the  solution  favors  the  oxidation  of  all 
the  nitrotoluenes. 

(3)  />-Nitrotoluene  is  oxidized  most  readily,  the  d>-compound  next, 
and  the  w-derivative  least. 

In  condusion  the  writer  desires  to  express  his  thanks  for  the  constant 
and  friendly  interest  of  Professor  Treat  B.  Johnson,  under  whose  direction 
this  work  has  been  carried  out. 

N«w  Hav«n,  Conn. 


[contribxttion  prom  the  i/aboratories  09  the  rockep9iaer  instltntb  for 

Medical  Research.] 

AROMATIC  ARSENIC  COMPOUNDS.    I. 

A  PLAN  OF  PROCm>nR£  FOR  THE  SYNTHESIS  OF  ARSENICALS  FOR 

CHEMOTHERAPEUTIC  RESEARCH. 

By  Waltsr  A.  Jacobs  and  Michaei*  Hepet^ERQER. 

Received  July  2,  1919. 

In  the  following  communications  and  in  those  which  will  appear  later, 
we  shall  describe  certain  groups  of  aromatic  arsenic  compounds  which 
have  been  the  subject  of  our  studies  for  several  years.  In  collaboration 
with  Drs.  Wade  H.  Brown  and  Louise  Pearce,  who  have  had  charge  of  the 
biological  phases  of  the  work,  we  have  prepared  these  substances  for 
the  treatment  of  experimental  trypanosome  and  spirochaete  infections. 
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Although  the  ftmdainentalt)rpes  of  aromatic  arsenic  chemistry  had  been 
amply  studied  by  Michaelis,  the  methods  at  his  disposal  were  such  as  to 
limit  considerably  the  development  of  the  field  opened  up  by  his  researches. 
The  proof  by  Ehrlich  and  Bertheim^  that  **atoxyl/'  obtained  by  the  ar- 
senation  of  aniline,^  is  the  sodium  salt  of  ^-aminophenylarsonic  acid  at 
once  led  to  a  great  expansion  in  the  study  of  aromatic  arsenic  compounds. 
Ehrlich  and  those  associated  with  him  developed  the  synthetic  possi- 
bilities very  fully  and  added  greatly  to  oiu*  knowledge  in  this  field.  The 
substances  described  in  their  published  accoimts  were  mainly  those  con- 
taining one  or  more  of  the  usual  substituents  such  as  amino,  hydroxyl, 
carboxyl,  halogen,  nitro  and  the  like  on  the  same  aromatic  nucleus  as 
either  trivalent  or  pentavalent  arsenic. 

The  great  practical  achievements  of  this  work  were  the  synthesis  of 
diamino-dihydroxy-arsenobenzene  (salvarsan  base)  and  the  discovery  of 
its  great  value  in  the  treatment  of  syphilis  and  other  related  diseases. 
Later  synthetic  attempts  to  improve  upon  this  drug  were  mainly  con- 
ducted along  similar  lines,  involving  the  synthesis  of  substances  anal- 
ogous to  salvarsan,  of  derivatives  of  the  latter  and  of  various  metallic 
coordination  compoimds  of  these  substances.  In  the  majority  of  in- 
stances the  studies  have  involved  compounds  in  which  the  chemical 
variations  have  been  confined  to  the  aromatic  nucleus  containing  the 
arsenic  and  it  can  be  assmned  that  such  material  has  been  the  subject 
of  fairly  exhaustive  study. 

It  seemed  wise,  therefore,  to  look  in  other  directions  for  opportunities 
for  the  further  synthetic  development  of  arsenic  compounds  rather  than 
to  attempt  an  extension  of  the  already  thoroughly  studied  groups  of 
substances.  However,  in  the  formulation  of  any  comprehensive  and 
systematic  developmental  poUcy,  it  was  necessary  to  keep  in  mind  the 
biological  aim  of  the  work,  and  in  planning  oiu-  synthetic  procedure  we 
have  accordingly  given  special  consideration  to  certain  desiderata  which 
we  believed  essential  in  this  connection.  Since  these  requirements  have 
influenced  the  character  of  the  substances  to  be  described  in  the  follow- 
ing articles,  we  feel  that  a  preUminary  discussion  of  these  considerations 
will  be  appropriate  here. 

In  the  first  place,  work  in  chemotherapy,  to  be  logical,  must  be  based 
on  the  assumption  that  there  is  a  relationship  between  chemical  consti- 
tution and  biological  action.  The  substances  to  be  chosen  should  there- 
fore be  of  such  a  character  as  to  permit  interpretation  of  the  biological 
action  as  a  fimction  of  chemical  structtue,  in  order  that  the  data  obtained 
may  be  used  in  the  further  prosecution  of  the  work.  This  can  be  con- 
sistently carried  out  only  when  the  compounds  studied  are  sufficiently 

»  Ber.,  40,  3292  (1907). 

>  B6champ,  Bull,  soc,  chim,,  5,  518  (1863). 
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alike  in  general  structure  to  reduce  to  a  minimum  the  number  of  chem- 
ical features  which  must  be  considered  in  contrasting  the  biological  prop- 
erties of  compounds  in  order  to  arrive  at  the  chemical  cause  of  the  observed 
variations  in  action.  The  conditions  for  such  homogeneity  of  material 
can  best  be  realized  by  confining  the  studies  to  a  group  oi  closely  related 
substances  which  may  be  regarded  as  derivatives  ci  some  parent  com- 
potmd.  The  various  chemical  modifications  in  the  series  of  drugs  would 
then  be  chiefly  in  the  nature  of  the  addition  to  the  molecule  of  groups 
or  side  chains,  readjustments  in  their  relative  positions  or  alterations 
confined  to  such  groups  or  side  chains. 

In  the  selection  of  the  types  of  substances  due  consideration  should 
be  given  to  the  technical  character  of  the  work  involved  in  their  prepara- 
tion. As  the  efficient  prosecution  of  work  in  chemotherapy  can  be 
accomplished  only  by  the  intimate  and  parallel  codperation  of  both  the 
biological  and  the  chemical  sides,  preparative  difficulties  can  not  be 
allowed  to  consume  a  disproportionate  amount  of  time  and  effort.  It  is 
desirable,  therefore,  that  the  types  chosen  represent  readily  accessible 
groups  of  substances.  These  types  also  should  be  of  such  a  character 
as  to  permit  of  ready  chemical  modification  by  the  addition  of  new  groups 
or  side  chains  which  may  in  turn  be  altered  at  will  as  regards  number, 
character,  or  position.  It  is  important  when  a  certain  chemical  modifi- 
cation is  suggested  as  particularly  desirable  from  a  study  of  the  biological 
results,  that  the  modification  be  reasonably  easy  to  execute.  Otherwise, 
as  has  only  too  often  occurred,  the  work  will  be  brought  to  a  standstill 
because  of  the  difficulty  of  developing  further  a  chemical  lead  which  has 
been  presented. 

The  realizaticm  of  these  requirements  can  be  made  easier  if  the  sub- 
stances chosen  are  prepared  by  reactions  of  a  simple  t3rpe.  For  this 
purpose  as  starting  material  there  is  chosen  a  readily  obtainable  substance 
which  contains  on  the  one  hand  the  therapeutic  element  or  radical,  and 
on  the  other  hand  some  reactive  group  such  as,  for  example,  the  amino  group. 
Each  new  compound  would  then  be  produced  by  the  reaction  of  this  start- 
ing material  with  a  second  class  of  substances,  each  of  which  possesses  the 
same  suitably  reactive  group  as,  for  instance,  aliphatically  bound  halogen. 
The  production  of  the  final  compounds  would  in  each  case  depend  mainly 
on  the  accessibility  of  this  second  group  of  substances.  It  may  not  be- 
irrelevant  to  point  out  that  accessibility  is  not  only  an  important  aid 
to  scientific  orkntation,  but  also  determines  the  cost  of  any  remedy 
which  might  be  developed.  Finally,  for  practical  reasons,  substances 
which  can  be  dissolved  in  water  are  most  desirable. 

From  a  purely  chemical  standpoint,  in  applying  these  requirements 
to  the  preparation  of  arsenic  compounds  for  biological  study,  it  was  ob- 
vious from  the  first  that  pentavalent  arsenic  compounds  would  offer  the 
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best  material  for  initial  explorations.  The  tnvalent  arsenic  derivatives 
as  a  class  do  not  meet  with  the  technical  requirements  as  above  set  forth, 
whereas  the  more  available,  more  easily  handled,  and  more  staUe  penta- 
valent  compounds  promised  to  afford  wider  opporttmities  for  synthetic 
work.  These  i^ibataaces,  poesessing  the  arsenic  as  the  salt-forming  ar- 
sonic  add  residue,  at  once  solved  the  problem  of  solubiUty.  For  bio- 
logical woric,  arseao  compounds,  on  the  other  hand,  are  restricted  to 
those  which  possess  other  salt-forming  groups  and  are  therefore  far  more 
hmited  than  the  pentavalent  compounds.  We  are  inclined  to  regard 
reduction  to  the  arseno  form  more  as  a  dbiemical  modification  which 
could  ultimatdy  be,  attempted  where  the  presence  of  a  non-arsenical 
solubilizing  group  might  make  this  desiraUe. 

Arsanilic  acid,  the  most  accessible  of  the  aromatic  arsttiic  compounds, 
was  naturally  chosen  as  the  fundamental  substance.  This  compound 
contains  not  only  the  therapeutic  element  arsenic,  in  a  salt-forming  com- 
bination, but  also  carries  a  veiy  reactive  amino  group.  As  ^u-lich  and 
Bertiieim  have  amply  shown,  it  can  be  subjected  to  all  the  reacti<H2S 
which  characterize  primary  aromatic  amino  compounds.  It  therefore 
affcH-ded  the  logical  and  ideal  starting  material  for  the  synthetic  treat- 
ment outlined  above.  By  choosing  the  proper  reaction  it  was  possiUe 
to  make  use  of  this  amino  group  in  such  a  way  as  to  form  a  side  chain 
which  served  the  function  of  a  oonnecting  link  between  the  benzene 
nucleus  oontaining  the  arsenic  and  another  group  in  which  the  chemical 
alterations  were  made.  Moreover,  in  particular  cases  in  which  an  optimal 
effect  had  been  achieved  with  a  substance  derived  from  arsanilic  add, 
the  opportunity  always  remained  for  stud3dng  the  further  effect  of  dmnges 
in  position  or  of  the  addition  of  new  groups  in  the  nudeus  containing  the 
arsenic,  by  making  the  analogous  substance  derived  from  the  is<»ners, 
homdogs  or  other  substitution  products  of  aisanilic  add. 

/>-Hydrozy-pheny]arsonic  add,  another  easily  available  aromatic  arsenic 
compound,  offered  similar  possibilities  by  virtue  of  the  hydroxyl  group, 
although  this  is  more  limit^  in  reactivity  than  the  amino  group. 

The  following  types  which  were  devdoped  in  the  present  work  will 
present  this  plan  of  procedure  in  more  concrete  form; 

I.  Diazoamino  Compounds,  A — N  »  N— NRR',  in  which  A  is  the 
arylarsonic  add  radical  and  R  and  R'  hydrogen,  alkyl,  aiyl  or  sub- 
stituted aryl  groups. 

As  Bhrlich  and  Berthdm  have  shown,  arsanilic  add  may  be  readily 
and  quantitativdy  diazotized  and  the  diazo  compound  coupled  with 
appropriate  couplers  to  form  azo  dyes.  We  have  likewise  found  that 
the  diazo  compound  couples  in  a  normal  manner  with  suitable  secondary 
aliphatic  amines  and  primary  and  secondary  aromatic  amines  to  form 
diazoamino  oompounds.    The  same  result  could  also  be  obtained  in  the 
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case  of  the  primaiy  aromatic  amines  by  first  diazotizing  these  and  coup- 
ling the  resulting  diazonium  salts  with  arsanilic  add.  The  compounds 
obtained  from  the  aromatic  amines  suited  oiu*  purpose  best. 

!!•  Azo  Dyes,  A  —  N  =  N  —  R,  in  which  A  is  the  arylarsonic  add  rad- 
ical and  R  is  the  aromatic  coupler. 

m.  iV-Substituted  Amides  of  iV-Phenylglycine-/^-arsonic  Acid, 
A— NHCH2CONRR'  in  which  R  and  R'  are  hydrogen,  alkyl,  aiyl  or 
substituted  aryl  groups. 

As  a  primary  amino  compound,  arsanilic  add  should  react  with  alkyl 
halides  to  form  A'-alkyl  derivatives.  In  the  particular  direction  in  which 
we  chose  to  employ  this  reaction,  its  practicability  had  already  been 
suggested  by  the  preparation  of  the  single  substance,  phenylglycine-p- 
arsonic  add,  from  arsanilic  add  and  cMoroacetic  add.^  We  have  demon- 
strated, as  was  to  be  expected,  that  this  reaction  could  be  extended  to 
chloroacetyl  compounds  in  general.  Our  attention  was  centered  mainly 
upon  the  development  of  a  series  of  compoimds  by  the  use  of  the  chloro- 
acetyl derivatives  of  primary  and  secondary  aliphatic  or  aromatic  amines. 

IV.  /^-Substituted  Ureides  of  iV^-Phenylglycine-^-arsonic  Acid, 
A— NHCH2CONHCONHR.— This  type  of  substance  is  dosdy  rdated  to 
the  previous  one  and  was  in  like  manner  easily  prepared  from  arsanilic 
add  and  the  chloroacetyl-uramino  compounds,  CICH2CONHCONHR  in 
which  R  may  be  hydrogen,  or  an  alkyl,  aryl,  or  substituted  aryl  group. 

V.  Substituted  iV-Phenylglycyl  Derivatives  of  Arsanilic  Acid, 
A — ^NHCOCHjNHR. — ^Type  III  natiu-ally  suggests  a  paralld  series  of  com- 
pounds in  which  the  side-chain  joining  the  two  benzene  nuclei  is  reversed. 
These  substances  were  prepared  with  remarkable  readiness  from  chloro- 
acetylarsanilic  add  and  primary  or  secondary  amino  compoimds. 

VI.  Substituted  o-Phenyl  GlycoUyl  Derivatives  of  Arsanilic  Acid. 
— ^When  the  amine  in  the  preceding  series  was  replaced  by  a  phenol  in 
alkaline  solution,  chloroacetylarsanilic  add  was  foimd  to  react  smoothly 
in  the  proper  sense,  yielding  substituted  (?-phenyl  glycoUyl  derivatives 
of  arsanilic  add,  of  the  following  general  formula:  A — NHCOCHiOR. 

Vn.  Substituted  Amides  of  c7-Phenyl  Glycollic  Acid  /^-Arsonic  Acid, 
A  — 0-CH2CONHR. 

By  a  reaction  identical  with  that  given  in  Type  VI,  only  starting  with 
/^-hydroxjrphenyl  arsonic  add  and  chloroacetylamino  compoimds,  an 
analogous  type  of  substances  was  prepared,  differing  from  Type  VI  in 
that  the  side  diain  connecting  the  two  nudd  is  reversed. 

Sdll  other  t3rpes  were  similarly  studied. 

Since  the  devdopment  of  Type  III  has  led  to  the  most  important  re- 
sults in  the  present  work  we  shall  confine  the  discussion  to  this  group 
>  Oct.  pat.  204,664. 
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of  substances.     In  this  type  the  fundamental  member  of  the  series  is 
iV-phenylglycinamide-^-arsonic  add, 

NHCHiCONH, 


0 


AsOjHa 

This  substance  was  prepared  by  the  simple  reaction  of  chloroacetamide 
on  the  sodiiun  salt  of  arsanilic  acid.  By  replacing  the  chloroacetamide 
by  chloroacetylalkyl  amines  a  limited  series  of  compotmds  was  prepared, 
which  naturally  preceded  those  of  the  aromatic  series.  The  broadest 
scope  for  synthetic  work,  of  course,  was  furnished  by  the  aromatic  series, 
compotmds  of  this  type  being  obtained  from  substituted  chloroacetylaryl- 
amines  and  arsanilic  acid. 

|^.^This  sub-group  possesses  two  aromatic  nuclei,  an  arsenical  nucleus 
and  a  non-arsenical  nucleus.  It  is  apparent  that  by  the  choice  of  the 
proper  chloroacetylarylamine  any  desired  chemical  groupings  on  the 
non-arsenical  nucleus  could  be  obtained.  These  could  be  made  to  vary 
at  will  as  regards  the  character,  niunber,  and  position  of  the  substituting 
groups.  And  as  the  resulting  substances  were  all  obtained  by  the  same 
reaction  the  technique  of  their  preparation  was  easily  standardized. 
The  availability  of  any  substance  of  this  series  was  therefore  determined 
only  by  the  accessibility  oi  the  aromatic  amine  from  which  the  chloro- 
acetyl  compoimd  was  prepared.  As  the  alterations  in  the  chemical 
groupings  were  first  confined  to  the  non-arsenical  nucleus,  each  individual 
substance  coixld  be  considered  to  be  derived  from  the  same  parent  type. 
Insofar  as  the  biological  action  can  be  interpreted  as  a  function  of  con- 
stitution, such  a  series  therefore  oflFered  the  opportunity  of  determining 
the  biological  value  of  each  group,  or  of  the  position  which  it  occupied 
in  the  nucleus.  The  correlation  of  the  chemical  and  biological  facts 
obtained  with  such  homogeneous  material  offered  a  good  opportunity 
for  concluding  in  what  direction  new  alterations  within  the  same  type 
should  be  attempted.  And  as  the  type  was  composed  of  available  sub- 
stances such  dictates  were  generally  possible  to  follow. 

It  was  thus  the  purpose  at  first  to  confine  the  chemical  alterations  to 
the  non-arsenical  nucleus.  But  ultimately  by  employing  a  homolog, 
isomer,  or  other  substitutioti  product  of  arsanilic  add,  modifications  on 
the  arsenical  nudeus  were  attempted.  Finally  the  side  chain — 
NHCH2CONH — which  serves  as  the  link  between  the  two  nucld  was 
also  made  the  place  for  chemical  alterations  without  destroying  the 
relationship  of  the  resulting  compounds  to  the  original  tjrpe.  This  group 
could  be  changed  to  the  chain— NHCHRCONH— in  which  R  could  be 
alkyl  or  aryl.  Variations  of  this  nature  were  generally  made,  not  on 
a  finished  substance  of  T3rpe  III,  but  on  an  intermediate  product;  for 
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example,  if  R  is  phenyl,  such  compounds  were  prepared  by  reacting 
arsanilic  acid  with  phenylchloroacetyl-amino  compounds. 

By  the  above  treatment  of  the  subject  we  have  attempted  to  realize 
the  conditions  postulated  at  the  start  as  essential  in  a  logical  plan  for  the 
synthesis  of  new  arsenicals  for  biological  study.  It  is  oiu*  beUef  that  a 
similar  treatment  of  other  leads,  where  chemically  possible,  will  prove 
of  service  in  chemotherapeutic  investigations. 

Nbw  York.  N.  Y. 


(Contribution  prom  tbm  Laboratoribs  of  thb  RocKSPmxER  Institute  for 

Mbdic^  Rbsbarch.] 

AROMATIC  ARSENIC  COMPOUNDS.   U.  THE  AMIDES  AND 
ALKYL  AMIDES  OF  N-ARYLGLYCINE  ARSONIC  ACIDS. 

By  Wai^tbr  a.  Jacobs  and  Michaei«  Hbidbi«bbrger. 

Received  July  2,  1919. 

As  in  the  case  of  other  aromatic  amino  compotmds,  sodium  f -amino- 
phenylarsonate  (sodium  arsanilate)  has  been  foimd  to  react  with  chloro- 
acetic  add  to  form  phenylglycine-f-arsonic  add.^  In  the  present  in- 
vestigations we  have  foimd  that  the  amide  and  alkyl  amides  of  chloro- 
acetic  add  react  in  similar  manner  to  form  the  amide  and  alkyl  amides 
of   phenylglycine-/>-arsonic   add,    with   the   following   general     formula 

NHCH.CONRR' 


0 


AsOjH, 

in  which  R  and  R'  may  be  hydrogen,  alkyl,  benzyl  or  substituted  benzyl 
radicals.  Although  arsaniUc  add  itself  may  be  employed  in  this  re- 
action instead  of  the  sodium  salt,  the  reactivity  of  the  amino  group  is 
suppressed  by  the  negative  arsonic  add  radical  so  that  the  reaction  pro- 
ceeds very  slowly,  and  satisfactory  yields  are  only  obtained  when  an 
extra  molecule  of  the  amino  add  is  employed,  since  the  hydrochloric  add 
produced  during  the  condensation  renders  a  portion  of  the  base  inactive. 
On  the  other  hand  sodium  arsanilate  exhibits  the  full  reactivity  of  the 
amino  group  and  the  sodium  ion  present  neutralizes  the  hydrochloric 
add  as  it  is  formed. 

Chloroacetamide  and  the  simpler  chloroacetyl  alkylamines  condensed 
readily  with  sodium  arsanilate  in  boiling  aqueous  solution,  and  although 
the  reaction  in  no  instance  proceeded  quantitatively,  owing  to  the  oc- 
currence of  side  reactions,  V2  to  2  hours'  boiling  sufficed  for  obtaining 
optimum  yidds.  In  the  case  of  the  chloroacetylbenzyl  amines,  50% 
alcohol  was  found  to  be  the  most  serviceable  medium  owing  to  the  spar- 
^  Ger.  pat.  204,664. 
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ing  solubility  of  these  compounds  in  water.  Moreover,  the  reactivity 
of  the  chlorine  atom  in  these  substances  proved  to  be  so  much  less  than 
that  of  the  simpler  alkyl  derivatives  that  the  addition  of  sodium  iodide 
was  foimd  necessary,  greatly  facilitating  the  condensation  owing  to  the 
intermediate  formation  of  the  iodoacetyl  derivatives. 

The  first  member  of  the  series,  JV-phenylglycineamide-j>-arsonic  add, 
was  also  prepared  by  the  action  of  concentrated  ammonia  on  the  methyl 
ester  of  phenylglycine-^-arsonic  acid.  This  method  could  unquestionably 
be  employed  for  the  preparation  of  the  simpler  homologous  compounds, 
in  which  case  it  would  necessitate  the  recovery  of  the  excess  of  the  ex- 
pensive amines. 

The  present  studies  on  f -arsaniUc  add  were  extended  to  indude  an- 
alogous substances  starting  with  o-  and  m-arsanilic  adds  and  the  homol- 
ogous aminoaryl  arsonic  acids. 

All  of  the  glycineamide  arsonic  adds  are  colorless,  aystaHine  substances 
which  are  as  a  rule  but  sparingly  soluble  in  the  usual  neutral  solvents 
and  possess  high  melting  or  decomposition  points,  the  latter  depending 
greatly  upon  the  rate  of  heating.  As  arsonic  adds  they  dissolve  in  al- 
kalies and  alkaline  carbonates  to  form  neutral  salts,  but  are  completely 
displaced  from  these  by  so  weak  an  add  as  acetic  add.  Because  of  the 
imino  group  they  also  possess  basic  properties  and  form  nitroso  deriva- 
tives. The  basidty  appears  to  be  more  feeble  than  that  of  arsanilic 
add  itself,  since  these  substances  dissolve  or  form  stable  hydrochlorides 
only  in  strong  hydrochloric  add,  the  salts  being  easily  hydroly^ed  by 
water.  On  boiling  with  an  excess  of  alkali  or  with  mineral  adds  the  amide 
linking  is  hydrolyzed  with  the  formation  of  the  glydne  arsonic  acid  and 
the  amine. 

In  the  experimental  part  of  this  and  subsequent  papers  a  description 
of  the  sodium  salts  will  be  frequently  encountered.  In  many  cases  these 
aflForded  a  means  for  purifying  such  crude  reaction  products  as  could  not 
be  directly  reaystaUized,  but  the  majority  were  prepared  in  order  to 
furnish  substances  in  a  readily  soluble  form  convenient  for  biological  test- 
ing. 

Since  the  results  obtained  with  the  first  member  of  the  group,  iV-phenyi- 

glydnamide-f-arsonic  add, 

NHCHjCONH,     • 


0 


AsOjH, 

in  the  treatment  of  experimental  trjrpanosome  and  spirochaete  infections 
have  been  of  so  promising  a  character  and  because  of  its  low  toxidty,  this 
substance  has  been  made  the  subject  of  extensive  study.  ^    The  biological 

^  It  may  be  appropriate  to  mention  here  that  this  substance  and  related  ccnn- 
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results  are  being  published  elsewhere  by  our  c<^eagues,  Drs.  Brown 
and  Pearce.  Because  of  the  importance  of  this  c(»npound  we  are  pre- 
senting it  and  the  other  derivatives  obtained  from  ^•'aminophenyl  arsonic 
add  first,  the  derivatives  of  o-  and  m-aminophenyl  arsonic  adds  following 
these. 

EXPBRIlfEirrAL. 
(A)  Derivatives  of  /KAminoi^nyl  Arsonic  Acid. 

iV-(Pheny]r4-ar8onic  acid)glyciaeamide  (iV-Ph«nyl-glycineaniide-^ar- 
sonic  add). — Of  the  two  methods  used  for  the  preparation  of  this  sub- 
stance th^t  described  first  is  po-haps  to  be  preferred. 

434  g.  of  arsanilic  add'  were  dissolved  in  2  liters  of  N  sodium  hydroodde 
scdution.  After  adding  375  g.  of  chl(»x)acetamide'  the  mixture  was 
boiled  under  a  reflux  condenser  for  45  minutes*  the  dear  solution  setting 
to  a  solid  mass  of  the  crude  product  on  cooling.  75  cc.  of  cone,  hydro- 
chloric add  were  added  to  the  cdd  mixture  to  hold  any  unchanged  ar- 
sanilic add  in  solution  and  the  substance  was  then  filtered  off  and  care- 
fully washed  with  cold  water.  For  purification  it  was  suspended  in  suflS- 
dent  water  to  form  a  thin  paste  and  carefully  treated,  with  stirring, 
with  25%  sodium  hydrosdde  solution  until  the  add  was  completdy  dis- 
solved. The  filtered  solution  was  then  treated  with  an  excess  of  acetic 
add,  whereupon  the  substance  separated  as  minute,  lustrous  plates. 
After  filtering,  washing  thoroughly,  and  drying,  the  yidd  was  300  g. 
The  use  of  the  above  amount  of  chloroacetamide,  though  twice  that  theo- 
retically required,  was  found  advisable  in  order  to  obtain  a  good  yidd. 
The  acid  is  very  sparingly  soluble  in  cold  water,  but  dissolves  readily  on 
heating.    It  separates  from  the  hot,  aqueous  solution  in  aggregates  of 

pounds,  described  in  the  present  and  faUowing  papers  of  the  series,  are  covered  by  U.  S. 
Patents,  Nos.  1,280,119-27.  Patents  have  also  been  applied  for  in  foreign  countries. 
AD  discoveries  made  at  the  Rockefeller  Institute  are  made  freely  available  to  the 
public,  in  accordance  with  the  philanthropic  purposes  of  the  institution.  In  order  to 
insure  ptuity  of  product  and  protection  against  exploitation,  it  has  been  deemed  neces- 
sary in  certain  instances  to  protect  the  discoveries  by  patents.  It  is  the  purpose  of 
the  Institute  to  permit  any  drugs  which  may  prove  of  practical  therapeutic  value  to 
be  manufactured  under  license  by  suitable  chemical  firms  and  under  conditions  of 
production  which  will  insure  the  biological  qualities  of  the  drugs  and  their  marketing 
at  reasonable  prices.  Other  than  through  the  issuance  of  license,  the  Rockefeller  Insti- 
tute does  not  participate  in  any  way  in  the  commercial  preparation  or  sale  of  the  manu- 
factured chemicals;  and  it  receives  no  royalties  or  other  pectmiary  benefits  from  the 
licenses  it  issues. 

*  The  first  portions  of  t^is  and  several  other  arylarsonic  acids  were  kindly  furn- 
ished before  the  war  by  L.  CasseQa  and  Co.  and  the  Parbwerke  Hdcbst.  Later,  when 
larger  amounts  of  arsanilic  add  were  required  it  was  prepared  by  us  by  heating  aniHne 
and  arsenic  add.  although  we  soon  adopted  a  modification  of  this  general  method 
kindly  placed  at  our  di^>osal  by  Dr.  G.  W.  Raiziss,  of  the  Dermatological  Research 
Laboratories  of  Philaddphia. 

*  J.  Biol,  Chem,,  2X,  145  (1915). 
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long,  thin  plates.  It  is  insoluble  in  methyl  alcohol,  acetone  or  chloroform, 
and  sparingly  in  hot  methyl  or  ethyl  alcohol,  but  dissolves  in  boiling 
acetic  acid.  It  is  sparingly  soluble  in  dil.  hydrochloric  add  but  dissolves 
readily  in  the  strong  acid,  its  behavior  showing  it  to  be  a  weaker  base 
than  arsanilic  acid.  On  boiling  its  solution  in  sodium  hydroxide  am- 
monia is  evolved.  When  rapidly  heated  in  an  open  capillary  tube  it 
darkens  and  softens  at  280®,  but  does  not  melt. 

Subs.,  0.1405  g.:  12.35  cc.  N  (22.0*^,  761  mm.).    Subs.  0.3205:  MgsAsiO?  0.1832. 
Calc  for  C8Hu04NtAs:  N,  10.22;  As,  27.33.    Pound:  N,  10.18;  As,  27.59. 

Salts. — The  pure  add  is  suspended  in  enough  water  to  forqi  a  thick 
paste  and  carefully  treated  with  25%  sodium  hydroxide  scdution  until 
completely  dissolved  and  the  solution  reacts  neutral  to  litmus.  Two 
volumes  of  alcohol  are  then  added,  the  pure  sodium  salt  quickly  separating 
as  thin,  nacreous  plates.  After  filtering  and  washing  with  85%  alcohol 
it  is  air  dried  and  then  contains  Vs  molecule  of  water  of  crystallization. 
The  soditun  salt  is  extremdy  soluble  in  cold  water,  the  solution  reacting 
neutral  to  litmus. 

Subs.,  air-dry:  0.3921.    Loss,  0.0117  in  vacuo  over  HjSOi  at  100®. 

Calc  for  Caiio04NiAsNa.o.5HsO:  HsO,  2.95.    Pound:  2.98. 

Subs.,  anhydrous, 0.1503:  12.45  cc.  N  (250®,  762  mm.).  Subs.  0.2300:  MgtAssO?, 
0.1 195. 

Calc.  for  CiHio04NtAsNa:  N,  9.46;  As,  25.32.    Found:  N,  9.52;  As,  25.08. 

The  potassium  and  ammonium  salts  were  prepared  in  the  same  way 
as  the  sodium  salt  and  form  thin,  glistening,  hexagonal,  microscopic 
platelets.  On  adding  a  calcium  chloride  solution  to  a  solution  of  the 
soditun  salt  the  calcium  salt  gradually  separates  as  microscopic,  wedge- 
shaped  prisms,  containing  no  water  of  crystallization.  Magnesia  mixture 
causes  no  predpitate  in  the  cold,  but  on  warming  the  magnesium  salt 
separates  as  a  microcrystalline  powder.  Heavy  metal  salts  give  im- 
mediate predpitates,  the  silver  salt  forming  aggregates  of  thin,  micro- 
scopic needles. 

iV-Phenyl-glycinamide-/?-arsonic  add  was  also  prepared  as  follows 
from  iV-phenyl-glycine  methyl  ester  p-arsonic  add  by  the  action  of  am- 
monia. 

N-(Phenyl-4-arsonic  acid)  glycine  methyl  ester,  f-H208AsC6H4NHCHx- 
COOCHs. — 40  g.  of  iV-phenyl-glycine-^^-arsonic  add^  were  treated  with 
120  g.  of  dry  methyl  alcohol  and  12  g.  of  cone,  sulfuric  add.  The  mix- 
ture was  boiled  under  a  reflux  condenser  for  two  hours.  The  ester  sep- 
arated on  cooling  and  scratching,  the  predpitation  being  completed  by 
the  addition  of  water.  The  filtered,  washed,  and  dried  product  wdghed 
38  g.  It  can  be  recrystallized  from  hot  water  or  hot  95%  alcohol,  sep- 
arating from  the  former  as  microscopic  needles  and  thin  plates.  It  is 
very  sparingly  soluble  in  cold  water,  cold  alcohol,  or  boiling  acetone,  and 
*  Gcr.  pat.  204,664. 
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is  fairly  easily  soluble  in  methyl  alcohol,  especially  on  warming.  When 
rapidly  heated  it  softens  and  darkens  above  200°  and  decomposes  at 
about  285**. 

Subs.  0.1560:  7.0  cc.  N  (21.0**,  747  mm.).    Subs.  0.3135:  MgtAssOr,  0.1665. 
Calc.  for  CvHuOtNAs:  N,  4.84;  As,  25.94.    Found:  N,  5.12;  As,  25.63. 

The  ester  was  converted  into  the  amide  as  follows:  10  g.  of  the  ester 
were  slowly  added,  with  stirring,  to  30  cc.  of  well  chilled,  cone,  ammonia. 
At  first  a  thick  paste  of  the  ammonium  salt  of  the  ester  was  formed,  but 
on  allowing  the  mixttu-e  to  rise  to  room  temperatinre  the  reaction  pro- 
ceeded with  formation  of  a  clear  solution.  After  24  hours  the  excess  of 
ammonia  was  removed,  preferably  in  vacuo.  On  diluting  with  water, 
filtering,  and  acidifying  with  acetic  acid,  phenyl-glycineamide-/>-arsonic 
add  separated  in  characteristic  form.  This  was  piuified  as  described 
above  and  was  identical  in  every  way  with  the  product  obtained  by  the 
direct  method.    The  yield  was  80%  of  the  theoretical  amount. 

Subs.  0.1297:  11.5  cc.  N  (19.5®,  742  mm.). 

Calc.  for  C8H11O4N2AS:  N,  10.22.    Found:  lo.ii. 

Ar-(Phenyl-4-arsonic  acid)glycine  ethyl  ester,  f-H20sAsC«H4NH- 
CH2C02CiHfi. — Recrystallized  from  50%  alcohol  the  ethyl  ester  forms 
flat,  delicate  needles  which  melt  and  decompose  at  about  270°  with  pre- 
liminary darkening  and  softening.  It  is  very  diflScultly  soluble  in  cold 
water,  rather  more  soluble  in  cold  alcohol,  but  dissolves  quite  readily  in 
either  solvent  on  boiling. 

Subs.,  0.1944:  (Kjeldahl)  9.3  cc.  0.0714  N  HCl.     Subs.,  0.3287:  MgsAssO?,  0.1703. 
Calc.  for  CioHuOsNAs:  N,  4.62;  As,  24.72.     Found:  N,  4.78;  As,  25.01. 

iV-(PhenyI-4-arsomc  acid)nitroso-glycineamide,  f-H203AsC6H4N- 
(NO)CH2CONH2. — 3  g.  of  the  air-dry  sodium  salt  were  dissolved  in  10 
cc.  of  water  and  2  cc.  of  5  AT  sodium  nitrite  solution  (i  mol.)  added.  On 
addition  of  5  cc.  of  i  :  i  hydrochloric  acid  (a  httle  over  2  mols.)  the  rapid 
separati<m  of  characteristic  crystals  of  imchanged  phenyl-(4-arsonic  acid)- 
glycineamide  occurred,  but  on  gentle  warming  the  crystals  suddenly  changed 
to  delicate  needles  and  the  mixture  set  to  a  solid  cake.  After  diluting 
somewhat  with  water  the  cooled  mixtiure  was  filtered,  and  the  nitroso 
compound  recrystallized  from  water,  in  which  it  is  readily  soluble  at  the 
boiling  point  and  only  sparingly  in  the  cold.  It  forms  rosets  and  sheaves 
of  silky  needles  which  intumesce  at  182-3°,  with  preliminary  yellowing, 
when  rapidly  heated  to  180**,  then  slowly.  The  acid  is  difiicultly  soluble 
in  cold  methyl  or  ethyl  alcohol,  more  easily  on  boiUng,  and  dissolves  only 
sparingly  in  cold  acetic  add  although  quite  readily  in  the  boiling  acid. 
It  turns  yellow  under  sulfiuic  add,  dissolving  to  an  almost  colorless  solu- 
tion giving  a  brown-red  Liebermann  test. 

Subs.,  0.1 1 16:  13.6  cc.  N  (25.5®,  758  mm.).    Subs.,  0.2763:  MgtAstOr,  0.1412. 
Calc.  for  CsHioOtNtAs:  N,  1387;  As,  24.72.    Pound:  N,  1390;  As,  24.65. 
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iV-(Phen7l-4-ar8onic  acid)glycine  methyl  amide,  p-H^OsAsCeHi- 
NHCH1CONHCH3. — 44  g.  of  arsanilic  add  dissolved  in  200  cc.  of  N 
sodium  hydroxide  solution,^  and  25  g.  of  chloroacetyl-methylamine*  were 
boiled  under  a  reflux  condenser  for  one  hour.  The  add  separated  from 
the  solution  on  cooling  and  scratching  and  was  purified  by  dissolving 
in  just  enough  dilute  sodium  hydroxide  solution  and  repredpitating  with 
acetic  add.  The  substance  separated  as  a  thick  mass  of  thin,  microscopic 
plates.  The  yidd  was  31  g.  The  add  is  fairly  easOy  soluble  in  hot  water, 
from  which  it  separates  as  aggregates  of  curved  spears.  It  is  difficultly 
soluble  in  methyl  alcohol  and  may  be  recrjrstallized  from  hot  50%  alcohol. 
It  darkens  and  softens  above  240^  and  decomposes  after  a  few  moments 
at  285  ^ 

Subs.,  0.3269:  (Kjeldahl)  224  cc.  o.i  N  HCl;  MgsAstOr,  0.1755. 

Calc.  for  CtHu04NtAs:  N,  9.73;  As,  26.00.    Pound:  N,  9.60;  As,  25.91. 

iV-(Phenyl-4-arsonic  acid)gl7cine  eth^  amide,  p-HiOzAsC^K^- 
NHCH2CONHC2HB. — ^44  g.  of  arsanilic  add  and  30  g.  of  chloroacetyl- 
ethylamine,*  were  condensed  as  in  previous  examples.  For  purification 
the  resulting  ethylamide  was  dissolved  in  a  small  volume  of  hot  water, 
from  which  it  separated  on  cooling  as  a  thick  crust  of  platdets.  The 
yidd  was  30  g.  The  add  is  sparingly  soluble  in  cold  water  or  alcohol, 
but  dissolves  readily  on  warming.  It  is  soluble  in  methyl  alcohol,  par- 
ticularly on  warming.  The  substance  darkens  above  250®  and  decomposes 
at  278-80°.  Attempts  to  make  a  pure  sodium  salt  were  unsuccessful 
owing  to  its  great  solubility  in  water  or  dilute  alcohol. 

Subs.,  0.1441:  1 1.6  cc.  N  (21.0**,  762  mm.).    Subs.,  0.3707:  MgsAstOr^  0.1923. 
Calc.  fOT  CioHik04N»As:  N,  9.27;  As,  24.81.    Pound:  N,  9.37;  As,  25.04. 

iV-(Phenyl-4-arsonic  acid)glycine  n^propyl  amide,  />-Hs08AsC«H4- 
NHCHiCONHCHjCHzCH,.— 4.4  g.  of  arsaniUc  add  and  3  g.  of  chloro- 
acetyl-propylamine*  yidded  after  two  hours  an  oil  which  crystallized 
when  rubbed.  This  was  ptuified  by  dissolving  in  hot,  dil.  ammonia  and 
addifying  with  acetic  add.  It  separated  slowly  on  cooling  as  flat  needles 
or  plates  and  wedge-shaped  prisms.  The  )ddd  was  3.5  g.  The  substance 
is  sparingly  soluble  in  boihng  water,  but  readily  so  in  boiling  50%  alcohol, 
from  which  it  separates  on  cooling  as  sheaves  of  microscopic  needles. 
It  does  not  mdt  bdow  280**. 

Subs.,  0.1491:  1 1.6  cc.  N  (22.5®,  758  mm.).    Subs.,  0.3188:  MgsAsfO?,  0.1549. 
Calc.  for  CuHi704NtAs:  N,  8.86;  As,  23.70.    Found:  N,  8.96;  As,  23.45. 

*  Hereafter  tmless  otherwise  stated  arsanilic  add  was  always  dissolved  in  the  equiva- 
lent amotmt  of  N  sodium  hydroxide  solution  and  likewise  equivalent  quantities  of  the 
halide  were  employed  f(»-  the  reaction. 

*  This  Journal,  41,  472  (1919). 

*  /.  Biol,  Chem.,  ar,  149  (1915). 
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i\r-(Phen7l-4-arsonic  acid)gl7cine  dimethyl  amide,  /'-H|0sAsCeH4- 
NHCHiC0N(CHs)2.— After  Vj  hour's  boilkig  the  reaction  product 
from  3  g.  of  chloroacetyl-dimethylamine^  suddenly  separated  as  a  mass  of 
thin,  microscopic  needles,  often  occurring  in  characteristic  sheaves. 
After  cooling  the  mixture  was  acidified  with  hydrochloric  acid,  filtered 
and  the  substance  washed  with  water.  It  was  recrystallized  from  50% 
alcohol,  requiring  a  large  voliune  and  separating  in  the  same  character- 
istic form.  The  )rield  was  3  g.  The  substance  is  very  sparingly  soluble 
in  the  neutral  solvents,  and  when  rapidly  heated,  decomposes  at  about 
241-2**. 

Subs.,  0.1393:  I  I.I  cc.  N  (22.o^  763  mm.).    Subs.,  0.3440:  MgsAssOr,  0.1747. 
Calc  for  CioHuOiNftAs:  N,  9.27;  As,  24.81.    Found:  N,  9.25;  As,  24.50. 

Sodium  Salt. — ^A  neutral  solution  of  the  add  in  dil.  soditun  hydroxide, 
on  treating  with  two  volumes  of  alcohol,  3rielded  the  salt  as  elongated 
plates,  which  after  washing  with  50%  alcohol  and  air  drying  contained 
4  molecules  of  water  of  crystallization  and  dissolved  easily  in  water. 

Subs.,  air-dry,  0^^277:  loss,  0.0782  in  vacuo  at  80^  over  HsSO^. 
Calc.  for  CioHi404NsAsNa.4HtO:  HtO,  18.19.    Pound:  18.28. 
Subs.,  anhydrous,  a2985:  (Kjeldahl)  18.35  cc.  o.i  N  HCl. 
Calc  for  CioHiiO^NsAsNa:  N,  8.65.    Pound:  8.61. 

iV-(Phenyl-4-arsonic  acid)glycine  diethyl  amidCi  /7-Hi08AsC«H4NH- 
CH2CON(CjHb)2. — ^After  one  hour  4  g.  of  chloroacetyl-diethylamine* 
yielded  an  oil  on  cooling  which  soon  crystallized.  This  was  purified  by 
dissolving  in  just  enough  dil.  sodiimi  hydroxide  solution  and  repredpi- 
tating  with  acetic  add,  forming  microscopic  aggregates  of  short  needles. 
The  yidd  was  4  g.  When  rapidly  heated  it  sinters  and  darkens  above 
195°  and  melts  at  199--201**  with  gas  evolution.  It  is  diflScultly  soluble 
in  boiling  water  but  dissolves  in  boiling  methyl  alcohol  or  50%  alcohol. 

Subs.,  0.3184:  (Kjeldahl)  18.95  cc.  o.i  iV^HCl;  MgtAsiO;,  0.1497. 

Cak.  for  C11H19O4N1AS:  N,  8.49;  As,  22.69.    Poimd:  N,  8.34;  As,  22.68. 

Ar-(Phenyl-4-arsomc  add)glycine  piperidide,  /7-H2O3ASC6H4NHCH2- 
CONCftHio. — From  4  g.  of  chloroacetyl-piperidine*  there  resulted  after 
two  hoiu^*  boiling  a  viscous  oil  which  readily  crystallized.  This  was 
filtered  oflf,  washed  with  water,  and  finally  with  50%  alcohol  to  remove 
traces  of  an  adhering  oil.  The  residue  was  then  recrystallized  from  hot 
50%  alcohol,  separating  in  characteristic  sheaves  of  thin  microscopic 
needles  which  soften  and  darken  above  200®  and  decompose  at  218- 
21**.  The  yield  was  3  g.  The  add  is  soluble  in  hot  methyl  alcohol  and 
hot  50%  alcohol,  but  very  sparingly  soluble  in  hot  water. 

Subs.,  0.1433:  9.95  cc.  N  (22.5®,  762  mm.).    Subs.,  0.3055:  MgtAssO?,  0.1400. 

Calc.  for  CitHi904NiAs:  N,  8.19;  As,  21.90.    Pound:  N,  8.05;  As,  22.12. 

»  /.  Bio!,  Chem,,  21,  148  (1915). 

,  Ibid.,  21,  149  (1915). 

•  Tms  JoxjRNAi,,  41,  473  (1919). 
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iV-(Phen7l-4-arsonic  acid)glyci]ie  benzyl  amide,  /'-H2O8ASC6H4NH- 
CH2CONHCH2QH5. — Since  chloroacetyl-benzylamine^  and  its  deriva- 
tives reacted  relatively  slowly  and  incompletely  with  arsanilic  acid,  it 
was  f omid  that  the  reaction  could  be  greatly  facilitated  by  the  addition  of 
equivalent  amounts  of  sodium  iodide  to  the  reaction  mixttu'e,  owing  to 
the  intermediate  formation  of  the  more  reactive  iodoacetyl  derivatives, 
the  medium  used  being  50%  alcohol., 

4.4  g.  of  arsanilic  add  dissolved  in  20  cc.  of  N  sodium  hydroxide  solu- 
tion, 3.7  g.  of  chloroacetyl-benzylamine,  4  g.  of  sodium  iodide,  and  20  cc. 
of  alcohol  were  heated  tmder  a  reflux  condenser  for  4  hours.  On  cooling 
the  clear  solution  thickened  to  a  paste  of  crystals.  The  collected  reaction 
product  was  purified  by  dissolving  in  suflSdent  dil.  sodium  hydroxide 
solution  and  addifying  with  acetic  add  and  again  recrystallized  from 
hot  85%  alcohol,  from  which  it  slowly  separated  as  microscopic  needles. 
The  yidd  was  3  g.  The  add  is  soluble  in  boiling  50%  or  85%  alcohol 
and  in  boiling  methyl  alcohol,  but  very  sparingly  in  boiling  water.  It 
decomposes  at  282-4**. 

Subs.,  0.2952:  (Kjeldahl)  16.25  cc*  o.z  N  HCl;  MgsAstO;,  0.1250. 

Calc.  for  CitHiTOiNfAs:  N,  7.70;  As,  20.58.    Found:  N,  7.71;  As,  2043. 

Ar-(Phenyl-4-ar8onic  add)glycine  a'-carbozamido  benzyl  amidei  p- 
H,OsAsC«H4NHCH2CONHCH2C6H4CONH2(m-).— In  a  similar  manner 
22.5  g.  of  m-carboxamido-chloroacetyl-benzylamine,*  gave  a  dear 
solution  which  on  standing  and  scratching  deposited  27.5  g.  of  crude 
product.  This  was  purified  by  dissolving  in  the  requisite  amotmt 
of  dil.  sodium  hydroxide  solution  or  ammonia  and  readdifying 
with  acetic  add.  It  separated  gradually  as  thick  aggregates  of  micro- 
scopic needles.  On  continued  washing  with  water  it. tends  to  become 
colloidal.  The  arsonic  acid  decomposes  at  237-9^  with  prdiminary  dark- 
ening. It  is  sparingly  soluble  in  hot  water,  and  boiling  acetic  add  and 
practically  insoluble  in  boiling  alcohol. 

Subs.,  0.3431 :  (Kjeldahl)  25.42  cc.  o.i  N  HCl;  Subs.  0.3693:  MgtAstO?,  0.1400. 
Calc  for  CifHisOtNsAs:  N,  10.32;  As,  18,40.    Pound:  N,  10.37;  As,  18.29. 

Sodium  Salt. — The  add  was  suspended  in  a  small  voliune  of  hot  water 
and  25%  sodiimi  hydroxide  solution  added  cautiously  until  the  solution 
deared  and  reacted  neutral  to  litmus.  On  chilling  the  sodiiun  salt  sep- 
arated in  rosets  and  sheaves  of  deUcate  needles,  which  were  filtered  oflf, 
washed  with  ice  water,  and  air-dried.  The  salt  separates  with  5  mole- 
cules of  water  of  crystallization  and  is  fredy  soluble  in  water  and  salted 
out  from  concentrated  solutions  by  sodium  acetate. 

Subs.,  air-dry,  0.8918:  loss,  0.1520  in  vacuo  at  loo®  over  HtSOi. 
Calc.  forCi«Hi708N»AsNa.5HiO:  HtO,  17.35.     Found:  17.05. 
»  /.  Biol,  Chem,,  20,  686  (1915). 
« Ibid.,  ao,  694  (1915). 
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Subs.,  anhydrous,  0.3929:  (iCjeldahl)  27.35  cc.  o.i  N  HCl. 

Calc  for  Ci6Hi;OjN»AsNa:  N,  9.79.    Found:  9.75.  ^ 

iV-(Phenyl-4-ar8onic  acid)gl7cine  4'-acetamino  benzyl  amide,  ^- 
H,0^sC:^ja4NHCH2CONHCHjC«H4NHCCX:H,(^).— After  several  hours' 
boiling  the  arsonic  acid  resulting  from  4.8  g.  of  p-acetaminochlcn-o- 
acetyl-benzylamine,^  separated  from  the  hot  solution,  and  after  wash- 
ing with  50%  alcohol  amoimted  to  5.5  g.  It  was  purified  by  repredpi- 
tating  its  solution  in  dil.  ammonia  with  acetic  acid,  separating  as  flat, 
microscopic  needles.  The  add  is  almost  insoluble  in  the  usual  solvents 
except  hot  50%  alcohol  from  which  it  separates  on  cooling  as  diamond- 
shaped  plates.     It  darkens  and  sinters  partly  but  does  not  melt  below  280°. 

Subs.,  0.3024 :  (Kjeldahl)  2 1 .4  cc  o.  i  JNT  HCl.    Subs. ,  0.3824 :  MgtAstO?,  o.  1399. 
Calc.  for  CnHioOsNjAs:  N,  9.98;  As,  17.78.    Found:  N,  9.91;  As,  17.65. 

Sodium  Salt. — On  treatment  of  the  dear,  neutral  solution  of  the  acid 
in  dil.  sodiiun  hydroxide  with  several  volumes  of  alcohol  and  scratching, 
the  salt  separated  as  microscopic  needles.  These  were  filtered  off,  washed 
with  95%  alcohol,  and  air-dried,  then  containing  4.5  molecules  of  water 
of  crystallization.    The  salt  is  readily  soluble  in  water. 

Subs.,  air-dry,  0.6157:  loss,  0.0965  in  vacuo  at  100®  over  HtS04. 

Calc.  for  Ci7HitO*N»AsNa.4.5H|0:  HjO,  15.46.    Found:  15.67. 

Subs.,  anhydrous,  0.2974:  (Kjeldahl)  20.2  cc  0.1  N  HCl;  MssAssO?,  0.1050. 

Calc.  for  CirHifO^NsAsNa:  N,  9.48;  As,  16.91.    Found:  N,  9.52;  As,  17.03. 

Ar-(Phenyl-4-arsonic  acid)glycine  a'-carboxureidobenzyl  amide,  p- 
H,0,AsC6H4NHCH2CONHCH,C«H4CONHCONH,(m-).— During  the  con- 
densation with  sodium  arsanilate  the  almost  insoluble  m-(a>-chloroacetyl- 
aminomethyl)benzoyl-urea*  gradually  changed  its  appearance  owing  to 
the  deposition  of  the  reaction  product.  After  4  hotu^  the  mixttu-e  was 
diluted  with  water,  made  alkaline  with  ammonia,  warmed,  and  filtered. 
On  addification  with  acetic  add  the  filtrate  yielded  a  colorless,  crystalline 
powder.  This  was  filtered  ofif,  redissolved  in  hot  dil.  ammonia,  boiled 
with  bone  black,  and  the  hot  filtrate  treated  with  acetic  add.  The 
arsonic  add  separated  as  glistening,  microscopic  aggregates  of  dehcate 
needles  which  decompose  at  239-40^  when  rapidly  heated  and  are  prac- 
tically insoluble  in  the  usual  neutral  solvents.  The  yidd  was  unusually 
poor. 

Subs.,  0.1119:  12.4  cc.  N  (27.0®,  754  mm.).    Subs.,  0.3052:  MgtAstO?,  0.1042. 
Calc.  for  CnHigOeNiAs:  N,  12.45;  As,  16.65.     Found:  N,  12.52;  As,  16.48. 

i\r-(Phenyl-4-arsomc  add)  4'-uramino  benzyl  amide,  ^-H203AsC4H4- 
NHCHjCONHCH2C6H4NHCONH2(/>-).— As  the  reaction  mixttire  ob- 
tained from  /7-uramino-chloroacetyl-benzylamine^  remained  dear  on  cool- 

1  Einhom  and  Mauermayer,  Ann.,  343,  299  (1905). 

*  Tms  Journal,  39i  2432  (1917). 

9  Ibid.,  39,  2442  (191 7). 
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ing,  most  of  the  alcohol  was  boiled  oflF  and  water  added.  On  cooling 
an  oil  separated  which  gradually  crystallized.  The  filtered  product  was 
dissolved  in  dil.  sodium  hydroxide  solution  and  exactly  neutralized  with 
acetic  add.  After  standing  in  the  refrigeratCM:  for  24  hours  the  solution 
was  filtered  from  a  slight  precipitate,  but  as  the  sodium  salt  could  not 
be  obtained  crystalline  by  any  of  the  usual  methods,  the  scdution  was 
treated  with  an  excess  of  acetic  add,  again  causing  the  separation  of  the 
arsonic  add  as  an  oil  which  gradually  crystallized  on  standing.  The 
purification  process  was  repeated,  resulting  in  considerable  loss,  the  final 
yidd  being  rather  poor.  For  analysis  the  substance  was  dried  in  vacuo 
at  100**. 

Subs.,  0.3747:  (Kjeldahl)  34.8  cc.  o.i  N  HQ;  MgiAsiO?,  0.1360. 

Calc  for  CieHif06N4As:  N,  13.27;  As,  17.76.    Found:  N,  13.01;  As,  17.52. 

Ar-(Phenyl-4-arsonic    add)glycine     3'-methyl-4'-acetamino    benzyl 

amide,  f-H20,AsCeH4NHCH2CONHCH8CeHs(CHa)NHCOCHa(tn',p'-).— 
3-Methyl-4-acetaniino-chloroacetyl-benzyl  amine^  yidded  a  reaction  mix- 
ture which  set  to  a  gelatinous  mass  on  cooling.  This  was  broken  up, 
filtered,  and  washed  first  with  50%  alcohol,  then  with  water.  In  order 
to  obtain  the  add  in  crystalline  form  it  was  f oimd  necessary  to  pass  through 
the  sodium  salt,  a  process  whidi  caused  a  great  reduction  in  the  yield. 
The  amorphous  product  was  first  partly  purified  by  solution  in  dil. 
sodium  hydroxide  and  repredpitation  with  acetic  add.  After  filtering 
and  washing,  the  predpitate  was  dissolved  in  a  small  volume  of  dil.  sodium 
hydroxide  solution,  carefully  neutralized  with  acetic  add,  and  treated 
with  a  large  volume  of  absolute  alcohol.  On  standing  in  the  refrigerator 
the  sodium  salt  separated  as  a  voluminous,  almost  gelatinous  mass  of 
ddicate,  microscopic  needles.  This  was  filtered  off,  reaystaUized  from 
85%  alcohol,  and  air-dried. 

The  analysis  of  this  salt  indicated  that  the  air-dry  product  contained 
6  moleculies  of  water  of  crystallization,  of  which  only  4.5  molecides  were 
removed  at  100**  in  vacuo  over  sulfuric  add. 

Subs.,  air-dry,  0.7383:  loss,  0.1053  «»  vttcuo  at  100®  over  HtS04. 
Calc.  for  Ci8HtiOtNtAsNa.6H|0:  4.5  HsO,  14.32.    Found:  14.26. 
Subs.,  dried,  0.12 14:  9.5  cc.  N  (26.5^,    751  mm.).    Subs.,   0.3410:   MgiAsfOr, 
o.  1 109. 

Calc.  for  Ci8HiiOiN^sNa.i.5HiO:  N,  8.68;  As,  15.48.    Found:  N,  8.81 ;  As,  15.70. 

On  treating  the  solution  of  the  soditun  salt  with  acetic  add  the  arsonic 
acid  deposited  slowly  and  was  obtained  as  aggregates  of  flat,  minute 
needles  on  recrystallization  from  50%  alcohol.  When  rapidly  heated 
it  decomposes  at  278®  and  is  soluble  in  boiling  water  and  boiling  50% 
alcohol. 

Subs.,  0.1422:  11.7  cc.  N  (21.5®,  756  mm.). 
Calc.  for  CisHaOiNjAs:  N,  966.    Found:  9.49. 
»  /.  Biol,  Chem.,  20,  688  (1915). 
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CH,.CHCONH, 
NH 

Ar-(Phenyl-4-arsonic  Acid)-a-amino-propionainide|  — 

AsOjH, 
22  g.  of  arsanilic  add  dissolved  in  loo  cc.  of  AT  sodium  hydroxide  solu- 
tion, and  22  g.  of  a-bromo-propionamide  were  boiled  for  ^l\  hour.  The 
arsonic  add  separated  on  cooling.  40  cc.  of  10%  hydrodiloric  add  were 
added  to  hold  unchanged  arsanilic  add  in  solution  and  the  crystals  fil- 
tered off  and  washed.  After  repredpitating  the  solution  of  the  add  in 
dil.  soditun  hydroxide  with  acetic  add  18  g.  were  obtained.  The  amide 
is  appreciably  soluble  in  water  at  room  temperature  and  readily  on  boil- 
ing, crystallizing  on  cooling  as  long,  thin,  hexagonal  plates.  It  is  also 
soluble  in  hot  50%  alcohol.  When  rapidly  heated  it  darkens  above  255** 
and  decomposes  at  262-3.5**. 

Subs.,  0.1526:  12.75  cc.  N  (22.5®,  765  mm.) . .     Subs.,  0.2981 :  MgiAstO?,  0.1595. 
Calc.  for  CfHu04NsAs:  N,  9.73;  As,  26.00.    Found:  N,  9.72;  As,  25.81. 

Sodium  Salt — ^A  neutral  solution  of  the  add  in  dil.  sodium  hydroxide 
was  concentrated  to  dryness  in  vacuo  and  the  residue  dissolved  in  boiling 
95%  alcohol.  On  standing  in  the  refrigerator  the  salt  separated  from  the 
filtered  solution  as  long,  flat,  microscopic  needles,  which  contained  ap- 
proximatdy  2.5  molecules  of  water  of  crystallization  after  air  drying. 

Subs.,  air-dry,  0.5718:  loss,  0.0761  in  vacuo  at  100^  over  H1SO4. 
Calc  for  C«HB04NiAsNa.2.5HtO:  H|0  12.68.    Found:  13.31. 
Subs.,  anhydrous,  0.1443:  11.00  cc.  N  (20.5®,  765  mm.).    Subs.,  0.3333:  Mg>Asi07, 
0.1643. 

Cidc.  for  C9Hii04NiAsNa:  N,  9.03;  As,  24.16.    Pound:  N,  8.93;  As,  23.79. 

Oxanilamide-/>-arsonic  add  (/>-oxamylamino-phenylarsonic  add),  p- 
H2Q»AsC«H4NHCOCONHj.— This  substance,  although  not  a  glycine 
derivative,  was  suggested  by  its  analogy  to  phenylglydneamide-p-arsonic 
add,  and  is,  therefore,  described  here  for  lack  of  a  more  appropriate  place. 
5  g.  of  anhydrous  sodium  arsanilate  and  10  g.  of  ethyl  oxamate  were 
heated  for  2  hotu-s  at  140-50**.  The  mixture  was  digested  with  water, 
very  little  going  into  solution,  then  addified  with  acetic  add  and  filtered 
and  washed  with  water.  The  crude  mass  was  dissolved  in  dil.  ammonia, 
and  on  addifying  the  warm  filtrate  with  acetic  add  the  substance  slowly 
recystallized  as  fdted  masses  of  minute  needles  in  a  yidd  of  2.5  g.  It 
does  not  darken  or  mdt  when  heated  to  280**  and  is  very  sparingly  soluble 
in  boiling  water  of  50%  alcohol.  The  solution  in  dU.  sodiiun  hydroxide 
evolves  ammonia  on  boiling. 

Subs.,  0.1546:  12.8  cc.  N  (22.5^,  761  mm.).    Subs.,  0.3022:  MgiAssO?,  0.1613. 
Calc.  for  CsHfOfrNsAs:  N,  9.73;  As,  26.01.    Found:  N,  9.58;  As,  25.76. 
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(B)  Derivatives  of  a-  and  m-Aminophenylarsonic  Acids. 
Ar-(Phenyl-2-arsoiiic  acid)g^ycine-amide. — 8.8  g.  of  o-aminophenyl-ar-* 
sonic  acid  (o-arsanilic  add)  ^dissolved  in  40  cc.  of  N  sodium  hydroxide  solu- 
tion and  7.5  g.  of  chloroacetamide  yielded  after  ^/i  of  an  hour  the  glydne- 
amide,  which  crystallized  on  cooling.  The  mixture  was  acidified  to  congo 
red  with  hydrochloric  add  and  allowed  to  separate  more  completdy  in  the 
refrigerator  overnight.  After  filtration  and  washing  with  add  water 
it  was  dissolved  in  a  small  volume  of  dil.  ammonia  and  addified  to  congo 
red  with  hydrochloric  add.  On  standing  in  the  ice-box  the  arsonic  add 
separated  as  flat,  microscopic  needles.  The  )ddd  was  5  g.  In  contra- 
distinction to  the  meta  and  para  isomers  the  ortho  add  is  not  displaced 
completdy  from  its  salts  by  so  weak  an  add  as  acetic  add.  The  substance 
is  soluble  in  hot  50%  alcohol  and  boiling  water  and  separates  from  the 
latter  as  sheaves  of  long,  thin,  narrow  plates.  It  is  sparingly  soluble  in 
hot  methyl  and  ethyl  alcohols.  When  rapidly  heated  it  decomposes 
at  198-9°. 

Subs.,  0.1405:  12.2  cc.  N  (23.5®,  756  mm.).    Subs.,  0.2451:  MgsAssO?,  0.1372. 
Calc.  for  C8H11O4N1AS:  N,   10.22;  As,  27.33.     Fotmd:  N,  9.96;  As,  27.00. 

A/'-(Phenyl-3-arsonic  acid)glycineamide. — A  solution  of  25  g.  of  m- 
arsanilic  add^  in  115  cc.  of  iV  sodium  hydroxide  solution,  and  21  g.  of 
chloroacetamide  were  boiled  for  45  minutes.  On  standing  in  the  refrigera- 
tor the  dear  solution  gradually  deposited  the  reaction  product  as  a  hard 
crust  of  aggregates  of  needles  which  were  contaminated  with  unchanged 
chloroacetamide.  On  stirring  and  rubbing  aystallization  rapidly  com- 
pleted itsdf .  The  substance  was  filtered  off,  washed  with  ice  water  and 
dried.  The  powdered  substance  was  leached  out  with  dry  acetone  to 
remove  chloroacetamide  and  then  recrystallized  from  a  small  volume  of 
hot  water.  It  separated  slowly  as  aggregates  of  prismatic  needles  in  a 
yidd  of  18.5  g.  When  rapidly  heated  to  170®  and  then  slowly  the  sub- 
stance mdts  at  175-7**  to  a  liquid  filled  with  bubbles.  It  is  quite  soluble 
in  cold  water  and  very  easily  so  on  warming.  It  is  also  readily  soluble 
in  hot  ethyl  or  methyl  alcohol,  or  gladal  acetic  add,  but  practically  in- 
soluble in  hot  acetone. 

Subs.,  0.1334:  1 1.8  cc.  N  (24.0®,  765  mm.).    Subs.,  0.3140:  MgsAstOr,  0.1783. 
Calc.  for  CgHiiOiNiAs:  N,  10.22;  As,  27.33.    Foimd:  N,  10.23;  A?,  27^42. 

Ar-(Phenyl-3-arsonic  add)glycine  methyl  amide. — 12  g.  of  chloro- 
acetyl-methylamine'  yidded  after  one  hour's  boiling  a  mixture  from 
which  the  methyl  amide  separated  slowly  on  cooling  and  scratching. 
On  recrystallizing  from  hot  water,  in  which  it  is  readily  soluble,  it  sepa- 
rated as  aggregates  of  flat,  microscopic  needles  or  platdets.  The  yield 
was  13.8  g.    The  substance  is  sparingly  soluble  in  cold  water  or  50% 

»  Tras  Journal,  40,  1583  (191 8). 

*  Ibid,,  41,  472  (1919). 
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alcohol,  readfly  on  warming.    When  rapidly  heated  it  darkens  and  melts 
at  193-4.5®  ^tii  gas  evolution. 

Sabs.,  0.1452 :  1245  cc.  N  (22.5**,  753  mm.).    Subs.,  0.3659:  MgsAstO?,  0.1986. 
Calc.  for  CsHiaOfNsAs:  N,  9.73;  As,  26.00.     Fomid:  N,  9.82;  As,  26.21. 

(C)  Derivatives  of  Aminotolylarsonic  Acids. 
Ar-(2-Methylphenyl-5-arsonic  acid)g^ycineamide. — ^After  one  hoiu-'s 
boiling  the  product  from  4.6  g.  of  3-amino-4-methylphenyl  arsonic 
add^  and  3.8  g.  of  chloroacetamide  slowly  crystallized  on  cooling 
and  acidifying  with  hydrochloric  add.  Repredpitated  from  am- 
moniacal  solution  by  acetic  add  it  separates  slowly  as  delicate,  inter- 
laced needles  which  do  not  mdt  bdow  285**.  .  It  is  sparingly  soluble  in 
water,  alcohol  or  acetic  add  in  the  cold,  but  readily  on  warming.  Methyl 
alcohol  dissolves  the  substance  at  room  temperature. 

Subs.,  0.1702:  (Kjeldahl)  11.65  cc.  o.i  iV^  HCl.    Subs.,  0.2520:  MgiAsiO?,  0.1347. 
Calc.  for  CbHm04NiAs:  N,  9.73;  As,  26.00.    Found:  N,  9.59;  As,  25.79. 

Ar-(2-Methylphenyl-4-arsonic  acid)glycineamide. — ^As  in  the  preced- 
ing case  23  g.  of  i-amino-2-methylphenyl-4-arsonic  add  (from  o-tolui- 
dine)  and  19  g.  of  chloroacetamide  yidded  the  glydnamide.  This  was 
purified  by  solution  in  dil.  ammonia  and  re-predpitation  with  acetic 
add,  separating  as  aggregates  of  glistening  platdets  which  darken  above 
250**  and  decompose  at  about  283**.  The  yield  was  10  g.  The  substance 
is  sparingly  soluble  in  boiling  water  but  more  readily  so  in  boiling  50% 
alcohol. 

Subs.,  0.1417:  12.00  cc.  N  (22.5®,  756  mm.).    Subs.,  0.2619:  MgaAsiO?,  0.1393. 
Calc.  for  C»Hm04N2As:  N,  9.73;  As,  26.00.    Foimd:  N,  9.74;  As,  25.67. 

A^-(3-Methylphenyl-4-arsonic  acid)glycineamide. — ^This  substance  was 
prepared  in  similar  manner  from  i-amino-3-methylphenyl-4-arsonic 
add.'  The  amide  is  soluble  in  boiling  water,  from  which  it  separates  as 
lustrous,  diamond-shaped  platdets.  It  is  also  soluble  in  boiling  50% 
alcohol  and  mdts  at  203-5**  with  gas  evolution. 

Subs.,  0.1384:  H.8  cc.  N  (21.0®,  757  mm.).    Subs.,  0.3120;  MgiAsjOr,  0.1668. 
Calc.  for  C»Hit04NiAs:  N,  9.73;  As,  26.00.    Found:  N,  9.87;  As,  25.81. 

i\r-(2,5-Dimethylphenyl-4-arsonicacid)glycineamide. — 2,5-Dimethyl-4- 
aminophenyl  arsonic  add'  dissolved  in  N  sodium  hydroxide  solution  was 
boiled  for  45  minutes  with  2  g.  of  chloroacetamide.  On  addifying  to 
Congo  red  with  hydrochloric  add  and  cooling,  the  arsonic  acid  crystallized. 
The  crude  product  was  dissolved  in  dil.  ammonia,  treated  with  boneblack, 
and  the  filtrate  addified  with  acetic  add,  the  arsonic  add  separating 
slowly  as  aggregates  of  slightly  brownish  plates  and  prisms.  When 
rapidly  heated  it  mdts  and  decomposes  at  236-7  ®  with  prdiminary  dark- 

'  Tras  JouRNAi,,  40, 1586  (191 8). 
« Ibid.,  40, 1588  (1918). 
» Ibid.,  40,  1590  (1918). 
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eaing  and  softening.    It  is  sparingly  soluble  in  cold  water,  acetic  add, 
or  50%  alcohol,  but  dissolves  more  easily  in  these  solvents  on  boiling. 

Subs.,  0.1644:  (Kjeldahl)  10.9  cc.  o.i  N  HQ.    Subs.,  0.3224:  MstAstOr*  0.1644. 
Calc  for  CioHuOfNsAs:  N,  9.27;  As,  24.81.    Pound:  N,  9.29;  As,  24.61. 
N8W  Yo«K.  N.  Y. 


[Contribution  prom  the  Laboratoribs  of  the  Rocksf8u«8r  Institute  for  Msdical 
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AROMATIC  ARSENIC  COMPOUNDS,    m.    THE  UREIDES  AND 
iS-SUBSTITUTED  UREIDES  OF  AT-ARYLGLYCINE 
ARSONIC  ACIDS. 

By  Walter  A.  Jacobs  and  Michabl  Hbidblbbrgbr. 

Received  July  2.  1919. 

On  replacing  the  amides  of  chloroacetic  add  by  the  ureide  and  itsjS- 

alkyl  or  -aryl  derivatives  in  the  reaction  described  in  the  preceding  paper, 

the  ureides  and  substitirted  ureides  of  the  arylglydne  arsonic  adds  were 

obtained, 

NHCH,CONHCONHR 


0 


AsO,H, 
in  which  R  may  be  hydrogen,  an  alkyl,  or  an  aryl  radical. 

When  chloroacetyl-urea  or  its  simpler  /3-alkyl  derivatives  were  enq>loyed 
the  reaction  could  be  accomplished  by  boiling  in  aqueous  solution  with 
the  sodium  salt  of  the  aminoaryl  arsonic  add.  In  the  preparation  of  the 
/8-arylurddes  of  phenylglydne  arsonic  add,  however,  involving  the  use 
of  the  very  sparingly  soluble  chloroacetyl-substituted  phenyl-ureas,  the 
reaction  proceeded  most  satisfactorily  in  50%  alcohol  and  only  after 
sodium  iodide  had  been  added  in  order  to  cause  the  intermediate  forma- 
tion of  the  more  reactive  iodoacetyl  compoimds. 

The  new  arsonic  adds  of  this  series  resemble  in  their  general  properties 
the  amides  of  the  arylglydne  arsonic  adds,  forming  colorless  crystalline 
compotmds  which  are  on  the  whole  less  soluble  than  the  corresponding 
substances  in  the  amide  series.  Like  the  latter  they  form  stable  and  soluble 
neutral  salts  with  the  alkali  metals.  The  ureide  linkage,  like  that  of 
the  amides,  is  easily  ruptured,  this  often  occurring  even  at  room  tempera- 
ture in  solutions  containing  excess  fixed  alkali.  Therefore,  it  was  fotmd 
important  to  avoid  tmdue  exposure  to  such  conditions  during  the  mampu- 
lations  employed  for  the  preparation  of  the  sodium  salts  or  in  the  piuifica- 
tion  of  the  adds  by  solution  in  alkali  and  repredpitation  with  adds.  In 
the  latter  case  the  use  of  dil.  ammonia  avoided  this  danger. 

Of  the  numerous  substances  of  this  group  which  were  prepared  and 
studied  the  methyliu-dde  of  N-phenylglycine-p-arsonic  add 
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NHCHjCONHCONHCH, 


AsOjH, 
has  been  of  special  interest  since  it  has  been  f  otmd  to  exert  a  d^nite  thera- 
peutic effect  in  experimental  syphiUs  and  trypanosomiasis  in  rabbits.*  In- 
teresting biological  results  were  also  obtained  with  the  ureide  itself,  al- 
though less  striking  than  those  given  by  the  methyl  derivative.  The 
biological  data  will  be  published  elsewhere  by  Drs.  Brown  and  Pearce. 

EXPERIMENTAL. 
(A)  Derivatives  of  ^Arsanilic  Acid. 
Ar-(Phenyl-4-arsonic  acid)gjycine-ureide,  /?-H208AsC«H4NHCH2CO- 
NHCONH2. — 44  g.  of  arsanilic  acid,  dissolved  in  200  cc.  of  N  sodium 
hydroxide  solution,  and  27  g.  of  chloroacetyl-urea  were  boiled  under  a 
reflux  condenser.  After  about  15  minutes  the  reaction  product  separated. 
The  mixtiu-e  wis  heated  in  a  water  bath  for  ^/i  of  an  hour  longer,  cooled, 
and  treated  with  50  cc.  of  cone,  hydrochloric  acid.  The  crude,  washed 
ureide  was  dissolved  in  dil.  anmionia  and  reprecipitated  with  acetic  acid, 
separating  as  aggregates  of  microscopic  needles.  It  is  sparingly  soluble 
in  boiling  water  or  50%  alcohol  and  almost  insoluble  in  methyl  alcohol. 
When  rapidly  heated  it  sinters  slightly  above  230**  and  darkens,  but  does 
not  melt  below  280° 

Subs.,  0.2959:  (Kjeldahl)  27.7  cc.  o.i  N  HCl;  MgiAssO?,  0.1445. 

Calc.  for  CdHuOiNsAs:  N,  13.25;  As,  23.62.    Pound:  N,  13.12;  As,  23.56. 

Sodium  Salt. — ^The  crude  add  obtained  above  was  suspended  in  a  small 
volume  of  water  and  carefully  treated  with  sodium  hydroxide  until  solu- 
tion was  complete  and  the  reaction  was  neutral  to  litmus.  Addition  of 
too  much  alkali  is  to  be  avoided  owing  to  the  danger  of  hydrolysis.  An 
equal  volume  of  saturated  sodium  acetate  solution  was  then  added,  the 
soditun  salt  of  the  arsonic  acid  separating  as  well  defined  hexagonal  or 
diamond-shaped,  microscopic  platelets.  After  standing  in  the  refrigerator, 
the  salt  was  filtered  off,  washed  with  a  little  ice  water,  and  recrystallized 
from  a  small  volume  of  hot  water.  The  air-dried  salt  contains  two  mole- 
cules of  water  of  crystallization  and  is  readily  soluble  in  water.  The 
yield  was  30  g.  An  additional  quantity  of  the  arsonic  acid  was  contained 
in  the  mother  hquors. 

Subs.,  air-dry,  0.3724:  loss,  0.0355  in  vacuo  at  100^  over  HsS04. 
^  Calc.  for  CfHuO»N»AsNa.2HtO:  HtO,  9.60.    Pound:  9.53. 
Subs.«  anhydrous,  0.2968:  (Kjeldahl)  25.8  cc.  o.i  N  HCl;  MgtAstO?,  0.1372. 
Calc  for  CgHuOtNsAsNa:  N,  12.39;  As,  22.09.    Found:  N,  12.18;  As,  22.31. 

Solutions  of  the  sodium  salt  give  precipitates  with  salts  of  the  heavy 
metals.    The  silver  salt  forms  colorless,  microscopic  needles.    Magnesia 
»  Cf.  footnote,  Tms  Joxtrnal,  41,  1588-9  (1919). 
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mixture  does  not  precipitate  the  solution  in  the  cold  but  the  nuignesiunt 
salt  separates  on  boiling. 

Ar-(Phenyl-4-arsonic  acid)  glycine-methjlureidey  /^Hs08AsC6H4NH- 
CH1CONHCONHCH3. — ^44  g.  of  arsanilic  add  were  dissolved  in  200 
cc.  of  N  soditun  hydroxide  solution  and  30  g.  of  a-chloroacetyl-jS-methyl 
urea  added.  The  mixttu^  was  boiled  for  one  hour,  during  which  the  dar- 
ingly soluble  chloro  compound  gradually  dissolved.  The  ureide  crystal- 
lized on  cooling,  or  in  some  cases  during  the  heating,  after  which  the  mix- 
ture was  acidified  to  congo  red  with  hydrochloric  add  and  filtered.  The 
crude  substance  was  dissolved  in  dil.  ammonia  and  predpitated  by 
addifying  the  solution  with  acetic  add,  but  this  did  not  always  give  satis- 
factory anal3rtical  figures.  In  order  to  obtain  the  add  pure  it  was  con- 
verted into  the  sodium  salt  as  described  bdow  and  this  dissolved  in  water 
and  again  addified  with  acetic  add.  The  substance  is  sparingly  soluble 
in  hot  water,  separating  on  cooling  as  long,  thin,  glistening  needles.  It 
is  also  diflScultiy  soluble  in  boiling  50%  alcohol  and  is  practically  in- 
soluble in  the  usual  organic  solvents.  When  rapidly  heated  to  220®,  then 
slowly,  it  decomposes  at  224-5**. 

Subs.,  0.1507:  (Ejeldahl)  13.5  cc.  o.i  iV  HCl.    Subs.,  0.3428:  MgiAstO?,  0.1590. 
Calc.  for  CioHuOsNtAs:  N,  12.69;  As,  22.63.    Pound:  N,  12.54;  As,  2240. 

Sodium  Salt, — ^The  add  was  suspended  in  a  small  volume  of  hot  water 
and  carefully  treated  with  sodium  hydroxide  tmtil  the  solution  reacted 
neutral  to  litmus,  carefully  avoiding  an  excess  of  alkali  owing  to  the  danger 
of  saponification.  After  filtering  and  cooling  the  soditun  salt  slowly  crys- 
tallized and  after  thorough  chilling  the  salt  was  filtered  off  and  washed 
with  ice  water.  It  was  recrystallized  from  a  small  voltune  of  water  and 
air  dried.  The  yidd  was  30  g.  The  sodium  salt  separates  from  water  as 
microscopic  platdets  containing  7  molecules  of  water  of  crystallization, 
although  slight  impurities,  or  the  conditions  tmder  which  it  is  obtained,  are 
apt  to  affect  the  water  content.  It  is  quite  readily  soluble  in  water,  ex- 
ceptionally so  on  warming,  and  easily  forms  supersattuated  solutions. 
The  solution  of  the  sodium  salt  is  not  predpitated  by  magnesia  mixture 
in  the  cold,  but  yidds  a  predpitate  of  the  magnesium  salt  on  boiling. 
Heavy  metal  salts  cause  insoluble  predpitates,  the  silver  salt  separating 
as  thin,  microscopic  platelets. 

Subs.,  air-dry,  0.7551 :  loss,  0.2013  in  vacuo  at  100®  over  HsSOi. 

Calc.  for  CioHii06N>AsNa.7HiO:  H,0,  26.30.     Found:  26.66. 

Subs.,  anhydrous,  0.1438:  15.0  cc.  N  (24.5**,  754  mm.).  Subs.,. 0.3041:  MgsAssO?. 
0.1346. 

Calc.  for  CioHuOiNsAsNa:  N,  11.89;  As,  21.22.    Pound:  N,  12.04;  As,  21.35. 

A^-(Rienyl-4-arsonic  add)glycine-ethylureidey  f-HjOjAsCcKUNHCHr- 
CONHCONHC2HB.— Treated  as  described  in  the  case  of  the  methyl- 
ureide,  3.3  g.  of  a-chloroacetyl-/3-ethyl-urea*  yidded  4.5  g.  of  the  ethyl- 
»  This  Journai^  41, 473  (1919). 
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ureide  arsonic  acid.  The  substance  is  precipitated  from  the  hot  solution 
of  its  sodium  salt  (see  below)  by  acetic  acid  as  plumes  of  microscopic 
needles  which  are  very  difficultly  soluble  in  hot  water  or  methyl  alcohol 
but  more  readily  so  in  50%  alcohol.  When  rapidly  heated  to  220'',  then 
slowly,  it  decomposes  at  223-5**. 

Subsr.,  0.1415: 15.0  cc.  N  (26.5®,  757  mm.). 

Calc  for  CuHitOiNtAs:  N,  12.17.    Pound:  12.03. 

Sodium  Salt. — ^An  exactly  neutral  solution  of  the  acid  in  a  small  volume 
of  sodium  hydroxide  solution  was  treated  with  several  voltunes  of  alcohol. 
On  scratching  the  salt  rapidly  separated  as  a  paste  of  thin,  microscopic 
platelets  which  were  recrystallized  from  hot  85%  alcohol  and  air  dried. 
As  so  obtained  the  salt  contained  approximately  4.5  molecules  of  water 
of  crystallization  and  dissolved  readily  in  water. 

Subs.,  air-dry,  1.0813:  loss,  0.1892  in  vacuo  at  100°  over  HtSOi. 

Calc.  for  CuHuOtNtAsNa.4.5H20:  HjO,  18.08.    Fomid:  17.50. 

Subs.,  anhydrous,  0.2950:  (Kjeldahl)  23.7  cc.  o.i  N  HCl;  MgtAstOr,  0.1235. 

Cak.  for  CuHuOtNtAsNa:  N,  11.45;  As,  20.42.    Pound:  N,  11.26;  As,  20.21. 

Ar-(Phen]l-4-arsoiiic  acid)glycine-benzylureide)  ^-H808AsC6H4NHCH2- 
CONHCONHCHiC«H«. — 4.4  g.  of  arsanilic  add  were  dissolved  in  20  cc. 
of  N  sodium  hydroxide  solution  and  4.6  g.  of  a-chloroacetyl-/3-benzyl 
urea*  and  20  cc.  of  alcohol  were  added.  After  3  hours'  boiling,  solution 
was  complete  and  the  mixture  was  chilled,  diluted  with  water,  and  treated 
with  a  slight  excess  of  ammonia.  Some  insoluble  material  was  filtered 
off  and  the  filtrate  acidified  with  acetic  acid,  the  benzylureide  separating 
at  once.  For  purification  it  was  again  dissolved  in  dil.  anmionia  and  pre- 
cipitated by  acetic  add.  The  3deld  was  2.5  g.  Recrystallized  from  50% 
alcohol  the  add  separated  as  rosets  of  delicate  needles  which,  when  rapidly 
heated  to  220**  and  then  slowly,  decompose  at  225  **.  It  is  sparingly  soluble 
in  boiling  water  and  practically  insoluble  in  methyl  alcohol. 

Subs.,  0.3184:  (Kjeldahl)  23.6  cc.  o.i  N  HQ;  MgiAssOr,  0.1205. 

Calc.  for  CieHxsOsNtAs:  N,  10.32;  As,  18.39.    Found:  N.  10.38;  As,  18.26. 

a-Ar-(Phenyl-4-arsonic  acid)aminopropionyl-ureay  /?-H203AsCeH4NH- 
CH(CH3)CONHCONH2.— 8.8  g.  of  arsanilic  add  dissolved  in  40  cc.  of 
N  soditmi  hydroxide  solution,  and  8  g.  of  a-bromopropionyl-urea  were 
boiled  for  one  hotu-.  The  urea  gradually  dissolved  and  the  arsonic  add 
rapidly  crystallized  on  cooling,  after  which  the  mixture  was  treated  with 
20  cc.  of  10%  hydrochloric  add  and  filtered.  The  resulting  substance 
was  repredpitated  from  its  ammoniacal  solution  by  acetic  add  in  a  yield 
of  7  g.  Recrystallized  from  50%  alcohol  it  forms  aggregates  of  minute 
needles  which  are  sparingly  soluble  in  water  and  methyl  alcohol.  When 
rapidly  heated  to  220**,  then  slowly,  it  decomposes  at  225-6**. 

Subs.,  0.1512:  16.7  cc  N  (28.0**,  761  mm.).  Subs.,  0.3142:  MgiAssOr,  0.1475. 
Cak.  for  CioHi40iNtAs:  N,  12.69;  As,  22.63.  Found:  N,  12.55;  As,  22.65. 
»  /.  Bid,  Chem,,  ax,  152  (1915)- 
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A^-(I%enyl-'4-ar8onic  acid)ttlycine-phenyli]reu];e,  p-H2C)«AsC«H4NH- 
CHjCONHCONHCflHs. — 4.4  g.  of  arsanilic  acid  were  dissolved  in  20  cc. 
of  N  soditim  hydroxide  solution  and  4.4  g.  of  chloroacetyl-phenyl-urea,  4  g. 
of  sodium  iodide,  and  40  cc.  of  alcohol  were  added.  After  4  hours'  boiling 
the  reaction  product  was  filtered  oflf  and  dissolved  in  dil.  ammonia.  The 
filtered  solution  was  heated  and  then  treated  with  an  excess  of  acetic  acid, 
causing  the  separation  of  the  arsonic  acid  as  feathery  aggregates  of  silky 
hairs.  When  rapidly  heated  to  280^  the  add  darkens  slightly  and  then 
melts.  It  is  appreciably  soluble  in  boiling  50%  alcohol,  separating  on 
cooling  as  long,  fine  needles,  and  is  almost  insoluble  in  boiling  water  or 
methyl  alcohol. 

Subs.,  0.1422:  13.25  cc  N  (19.0**,  749  mm.)' 
Calc.  for  CifiHicOfrNtAs:  N,  10.69.    Foimd:  10.73. 

Sodium  Salt. — ^The  acid  was  suspended  in  a  small  amotmt  of  hot  water 
and  carefully  treated  with  sodium  hydroxide  solution  until  just  dissolved. 
The  sodium  salt  separated  on  cooling  as  lustrous  leaflets.  The  crystalliza- 
tion was  aided  by  the  addition  of  saturated  sodium  acetate  solution. 
After  filtration  and  washing  with  ice  water  the  salt  was  recrystallized  from 
50%  alcohol,  separating  on  cooling  as  flat  needles  containing  5  molecules 
of  water  of  aystaUization. 

Subs.,  air-dry,  0.9424:  loss,  0.1701  in  vacuo  at  100®  over  HsS04. 

Calc.  for  CuHuO*N»AsNa.5HiO:  H»0,  1783.    Found:  18.05. 

Subs.,  anhydrous,  0.3318:  (Kjeldahl)  23.9  cc.  0.1  N  HCl;  MgtAsiO?,  0.1251. 

Calc.  for  CuHuOsN»AsNa:  N,  10.13;  As,  18.06.    Found:  N,  10.09;  As,  18.20. 

iV-(Phenyl- 4 -arsenic  acid)glycine-4'-acetamino-phenylureide,  p- 
H,0»AsC«H4NHCH,CONHCONHC«H4NHCOCH8(^).— On  boiling  4.4 
g.  of  arsanilic  acid  dissolved  in  20  cc.  of  N  sodium  hydroxide  solution  and 
20  cc.  of  alcohol  with  5.4  g.  of  p-acetaminophenyl-chloroacetyl-urea^  and 
4  g,  of  sodium  iodide  the  sparingly  soluble  halide  was  gradually  replaced 
by  the  reaction  product.  After  4  hours  the  solid  was  almost  completely 
soluble  in  dil.  ammonia,  and  was  th^i  fiiltered  off,  dissolved  in  hot  dil. 
ammonia  and  precipitated  from  the  hot  solution  by  acetic  add.  The 
arsonic  add  separated  quickly  in  clusters  of  flat,  microscopic  needles 
which  sinter  and  darken  above  240**  when  rapidly  heated  and  decompose 
at  265-6°,  The  add  is  almost  insoluble  in  boiling  water  but  is  appredably 
soluble  in  hot  50%  alcohol,  separating  on  cooling  as  pliunes  of  long,  delicate 
hairs. 

Subs.,  0.1654:  (Kjeldahl)  14.65  cc.  o.i  N  HCl. 
Calc.  for  CiTHijOcNiAs:  N,  12.44.    Foimd:  12.41. 

Sodium  Salt. — A  concentrated  neutral  solution  of  the  acid  in  dil.  soditun 

hydroxide  was  salted  out  by  the  addition  of  saturated  sodium  acetate 

solution  and  recrystalUzed  from  a  small  volume  of  boiling  water  to  which 

a  few  drops  of  sodium  carbonate  solution  were  added  in  order  to  prevent 

»  This  Journai.,  39,  1455  (1917)- 
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the  sli^  hydrolysis  of  the  salt  and  separation  of  the  add  which  other- 
wise occurred  in  the  hot  solution.  The  salt  separated  on  chilling  as  wooBy 
masses  of  flat  needles  which  contained  5  molecules  of  water  of  crystalliza- 
tion. 

Sub8.»  air-dry,  0.6962:  loss,  0.1114  tn  vacuo  at  100*^  over  HsS04. 

Calc.  for  Ci7Hi806N4AsNa.5HtO:  HsO,  16.02.    Found:  16.00. 

Subs.,  anhydrous,  0.3165:  (Kjeldafal)  26.7  cc.  o.i  N  HCl;  MgtAsiO?*  0.1028. 

Cak.  for  CnHitOiNiAsNa:  N,  11.87;  As,  15.88.    Pound:  N,  11.82;  As,  15.68. 

N^(Pheaji -  4  -  arsonie  acid)^cine  -  3'  -  ozyamylamino-phenylureidei 
p-H,0,AsC«H4NHCH,CONHCONHC«H4NHCOCONH2(m-).  — 4.4  g.  of 
arsanilic  add  were  dissolved  in  20  cc.  of  AT  soditmi  hydroxide  solution 
and  40  cc.  of  alcohol  and  boiled  with  4.4  g.  of  sodium  iodide  and  6.2  g. 
of  nr-chloroacetyl-uramino-oxanilamide,^  the  sparingly  soluble  hahde 
.being  gradually  replaced  by  the  reaction  product.  After  6  hours  the  solid 
was  filtered  off  and  digested  with  dil.  ammonia.  The  filtrate  from  the  un- 
dissolved material  was  diluted  to  500  cc.,  heated  on  the  water  bath,  and 
treated  with  an  excess  of  acetic  add.  Predpitated  in  this  manner  from  the 
hot  solution  the  arsonic  add  separated  as  a  micro-crystalline  powder 
which  was  easily  filtered.  The  yield  was  1.3  g.  Although  almost  in- 
soluble in  boiling  water  the  add  dissolves  appredably  in  hot  50%  alcohol. 
When  rapidly  heated  it  decomposes  at  223-4**. 

Subs.,  0.1172:  15.2  cc.  N  (23.5®,  747  mm.).    Subs.,  0.2563:  MgaAssOri  0.0819. 
Calc.  for  CirHiiOTNtAs:  N,  14.62;  As,  1564.    Found:  N,  14.68;  As,  15-42. 

Ar-(Phenyl-4-arsonic  acid)jtlycIne-4'-hydroxyphenylureide,  p-UiOzAs- 
C«H4NHCH,CONHCONHC«H40H(f-).— Because  of  our  inabiUty  to 
prepare  satisfactorily  /?-hydroxyphenyl-chloroacetyl-urea  the  arsonic  add 
was  obtained  by  using  the  acetate  of  this  substance.  2.2  g.  of  arsanilic 
add  were  dissolved  in  10  cc.  of  N  sodium  hydroxide  solution  and  boiled 
for  2  hours  with  2.7  g.  of  f-acetoxyphenyl-chloroacetyl-urea,*  2  g.  of  so- 
dium iodide  and  20  cc.  of  alcohol.  On  cooling  the  mixture  set  to  a  crys- 
talline cake  which  was  disintegrated,  filtered,  and  washed  with  50% 
alcohol.  This  product,  in  which  the  acetoxy  group  was  presumably  still 
intact,  was  dissolved  in  cold,  dil.  soditmi  hydroxide  solution,  making 
definitdy  alkaline  to  phenolphthalein  in  order  to  saponify  the  ester  group. 
The  S(dution  was  immediately  filtered  and  exactly  neutralized  with  acetic 
add,  for  if  allowed  to  stand  too  long  in  alkaline  solution  the  glycylurea 
grouping  is  apt  to  be  hydroljrzed  as  well,  giving  phenylglydne  arsonic  add. 
From  this  solution  the  sodiimi  salt  described  bdow  was  obtained.  The 
add  itself  was  obtained  by  dissolving  the  sodium  salts  in  hot  water  and 
treating  with  an  excess  of  acetic  add,  separating  at  once  as  microscopic 
needles  containing  1.5  molecules  of  water  of  crystallization.    The  an- 

»  This  Joxtrnai*,  39, 1453  (1917)- 

'  Ibid.,  39,  2441  (1917)- 
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hydrous  substance  darkens  above  200^  and  sinters  and  chars  at  about 
250**  when  rapidly  heated,  but  does  not  melt  up  to  280**. 

Subs.,  air-dry,  0.1851:  loss,  0.0113  in  vacuo  at  100®  over  HsSOi. 
Calc.  for  CuHieOeNiAs.i.sHiO:  HtO,  6.20.    Found:  6.10. 
Sul^s.,  anhydrous,  0.1726:  (Kjeldahl)  12.80  cc.  o.i  N  HCL 
Calc.  for  CijHieOeN^As:  N,  10.27.    Found:  10.38. 

Sodium  SaU. — ^This  was  obtained  from  the  solution  described  above, 
crystallization  being  facihtated  by  the  addition  of  sattuated  sodium 
acetate  solution.  The  salt  separated  as  nacreous  plates,  in  a  yield  of  only 
1 .3  g.,  owing  possibly  to  the  destruction  of  the  substance  during  the  saponi- 
fication of  the  acetyl  group.  When  recrystallized  from  50%  alcohol  the 
salt  separates  as  glistening  leaflets  containing  from  4  to  4.5  molecules  oi 
water  of  crystallization.  It  is  fairly  readily  soluble  in  water,  particularly 
on  warming. 

Subs.,  air-dry,  0.3698:  loss,  0.0560  in  vacuo  at  100^  over  H1SO4. 

Calc.  for  CuHi60iN»AsNa.4.5HaO:  H2O,  15.81.     Found:  15.14. 

Subs.,  anhydrous,  02937;  (Kjeldahl)  20.5  cc  o.i  i\^  HCl;  MfyAstOj,  0.1065. 

Calc.  for  CijHuOeNtAsNa:  N,  9-75;  As,  17.39-    Found:  N,  9.78;  As,  17.51. 

Ar-(Phenyl-4-arsonic  acid)glycyl-4-uramino-phenoxyacetamide,  p- 
H803AsC«H4NHCH2CONHCONHCeH40CH,CONH2(/?-).  — In  this  case, 
using  p-chloroacetyliu-amino-phenoxyacetamide^  as  starting  material 
the  reaction  mixture  behaved  as  in  the  preceding  examples.  After  4 
to  5  hours*  boiling  the  mixture  was  diluted  with  water,  filtered,  and  the 
soUd  suspended  in  water  and  treated  carefully  with  dil.  soditun  hydroxide 
solution  imtil  just  alkaline  to  Utmus.  The  filtrate  was  exactly  neutralized 
with  acetic  acid  and  the  sodium  salt  thrown  out  by  the  addition  of  sodium 
acetate,  filtered  off,  and  washed  with  20%  sodium  acetate  solution,  then 
with  85%  alcohol.  Recrystallized  from  50%  alcohol  it  separated  as  ag- 
gregates of  sHghtly  purpHsh  plates  which  were  practically  anhydrous. 
The  salt  is  fairly  readily  "Soluble  in  water,  especially  on  warming. 

Subs.,  0.2959:  (Kjeldahl)  24.95  cc.  o.i  N  HCl;  MgsAssO?,  0.0929. 

Calc.  for  CiTHisOrNiAsNa:  N,  11.48;  As,  15.36.    Fotmd:  N,  11.81;  As,  15^6. 

On  adding  acetic  acid  to  a  dilute  solution  of  the  soditun  salt  the  arsonic 
acid  separates  slowly  as  gUstening,  diamond-shaped  platelets  which  are 
almost  insoluble  in  boiling  water  or  boiling  50%  alcohol.  When  TQ;pidty 
heated  it  decomposes  at  243-4°  ^^  preUminary  sintering  and  darkening. 

Subs.,  0.1546:  16.05  cc  N  (16.5 ^  753  mm.). 
Calc.  for  C17H19O7N4AS:  N,  12.02.    Found:  12.13. 

Ar-(Phenyl-4-arsonic   acid)g^ycyl-3-uramino-benzamide,  p-HsOsAsCV 

H4NHCHiCONHCONHC«H4CONHj(m-).— In  the  preparation  of  this  sub- 

stance  the  sparingly  soluble  w-chloroacetyliu-amino-benzamide*  rapidly  dis- 

»  Tras  Journal,  39>  2439  (1917). 
*  Ibid.,  39,  2437  (1917). 
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solved  as  the  reaction  progressed,  and  the  new  arsonic  add  soon  separated. 
After  2  hours'  boiling  the  soUd  was  dissolved  in  dil.  ammonia,  the  filtrate 
diluted  to  several  htmdred  cc,  heated,  and  then  acidified  with  acetic  acid. 
The  arsonic  add  separated  as  a  rather  volimiinous,  micro-crystalline  powder. 
4.2  g.  were  obtained  from  5.2  g.  of  halide.  It  is  very  sparingly  soluble 
in  boiling  water,  but  somewhat  more  soluble  in  boiling  50%  alcohol, 
from  which  it  separates  as  sheaves  of  flat,  microscopic  needles.  When 
rapidly  heated  it  mdts  at  213-4**  with  effervescence  and  darkening. 

Subs.,  0.1508:  17.0  cc.  N  (22.5®,  757  mm.).    Subs.,  0.3042:  MstAsiO?,  0.1066. 
Calc.  for  C16H17O6N4AS:  N,  12.84;  As,  17.18.    Foundt  N,  12.97;  As,  16.92. 

i\^-(Phenyl-4-arsonic  acid)g^ycyl-4-uramino-benzamide. — Starting  with 
5.2  g.  of  f-chloroacetyluramino-benzamide^  the  reaction  mixture  was 
boiled  for  5  hours.  The  product  obtained  was  dissolved  in  dil.  ammonia, 
and  the  filtrate  heated  and  addified  with  acetic  add,  the  arsonic  add  sep- 
arating as  Aort,  microscopic  needles.  It  was  further  purified  by  re- 
dissolving  in  dil.  ammonia  and  repredpitating  with  acetic  add.  The 
yidd  was  3.1  g.  When  rapidly  heated  the  substance  darkens  above  230® 
and  decomposes  at  245^. 

Subs.,  0.3288:  (Kjddahl)' 29.85  cc.  o.i  N  HCl;  MgiAsiO?,  0.1160. 

Calc  for  CieHiTOsNiAs:  N,  12.84;  As,  17.18.    Fotmd:  N,  12.72;  As,  17.03. 

Ar-(Phenyl  -  4  -  arsonic  add)glycyi-3-uramino-phenyiacetamide,  p- 
HiO^/VsC6H4NHCH2CONHCONHC«H4CH2CONH2(m-).— In  this  case  the 
reaction  mixture,  containing  10.8  g.  of  w-chloroacetyluramino-phenyl- 
acetamide,^  was  boiled  for  3  hours.  On  cooling  and  scratching  the  ar- 
sonic add  separated  from  the  dear  solution  as  a  thick,  crystalline  mass. 
After  filtering,  the  crude  product  was  dissolved  in  dil.  ammonia  and  the 
filtrate  treated  with  acetic  add,  the  substance  gradually  separating  as 
a  thick  mass  of  needles  in  a  yidd  of  9.5  g.  The  arsonic  acid  is  soluble  in 
hot  water  from  which  it  separates  as  fdted  needles.  It  is  also  soluble  in 
50%  alcohol  and,  when  rapidly  heated,  decomposes  at  214-6**. 

Subs.,  0.1460:  15.9  cc.  N  (23.0®,  754  mm.).    Subs.,  0.3102:  MgiAstO?,  0.1055. 
Calc.  for  CnHisOsNiAs:  N,  12.45;  As,  16.65.    Foimd:  N,  12.47;  As,  16.42. 

iV-(Phenyl-4-arsomc  acid)glycyl-4-uraniinophenyl  acetamide. — ^There- 
action  mixture,  containing  8.1  g.  of  /^-chloroacetyliu-amino-phenylacet- 
amide^  yidded  a  dear  solution  after  2  hours'  boiling.  At  the  end  of  4 
hours  the  solution  was  cooled  and  the  predpitated  soUd  dissolved  by  the 
careful  addition  of  dil.  sodium  hydroxide  solution.  After  filtering  and  ex- 
actly neutralizing  with  acetic  add  the  sodium  salt  was  salted  out  with 
sodium  acetate,  filtered  off,  washed  with  85%  alcohol,  dissolved  in  a  small 
voltmie  of  warm  water  and  treated  with  an  equal  volume  of  alcohol. 
The  sodium  salt  separated  as  microscopic,  hexagonal  platdets  containing 

1  This  Journal,  39,  2438  (191 7). 
*  /W(i.,  39,  2439  (1917). 
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about  2.5  mcdecules  of  wata*  of  crystallizatioii.  The  yidd  of  the  air- 
dry  salt  was  4.5  g. 

Subs.,  air-dry,  0.3606:  loss,  0.0330  in  vacm  at  100^  over  HtSQi. 

Calc  for  Ci7HiiOiN4AsNa.a.5HsO:  HtO,  8.71.    Pouad:  9.15. 

Subs.,  anhydrous,  0.1213:  12.8  cc  N  (27.o^  764  mm.).  Std>s.,  0.2059:  MgiAsiO?, 
0.0667. 

Calc.  for  CnHisOeNiAsNa:  N,  11.87;  As,  15.88.    Pound:  N,  12.08;  As,  15.64. 

On  adding  acetic  add  to  the  hot  solution  of  the  soditun  salt  the  arsonic 
acid  separated  slowly  as  plumes  of  delicate  needles  containing  one  mole- 
cule of  water  of  crystaUization.  It  is  very  sparingly  soluble  in  boiling 
water  but  more  readily  so  in  boiling  50%  alcohol.  The  anhydrous  sub- 
stance decomposes  at  218-21**  when  rapidly  heated. 

Subs.,  air-dry,  0.6892 :  loss,  0.0255  i^  vacuo  at  100^  over  HsSOi. 
Calc.  for  C17H1.OeN4As.H1O:  HtO,  3.85.    Found:  3.70. 
Subs.,  anhydrous,  0.1485:  (Kjeldahl)  13.2  cc.  o.i  N  HCl. 
Calc  for  CnHiiOeNeAs:  N,  12.45.    Pound:  1244. 

(B)  Derivatives  of  o^AisBnOic  Acid. 
Ar-(Phenyl-2-arsonic  acid)  t^lycine-ureide. — ^4.4  g.  of  (?-arsanilic  add^ 
were  dissolved  in  20  cc.  of  N  soditmi  hydroxide  solution  and  boiled  ^/s 
hotu*  with  2.7  g.  of  chloroacetyl-urea,  the  new  arsonic  add  predpitating 
after  7  to  8  minutes.  The  mixture  was  cooled,  addified  to  congo  red, 
filtered,  and  the  solid  suspended  in  a  little  water,  treated  with  an  excess 
of  ammonia,  and  the  solution  treated  with  boneblack  and  filtered.  The 
pale  yellow  filtrate,  heated  to  boiling  and  addified  strongly  with  acetic 
add,  deposited  the  urdde  as  plimies  of  minute,  delicate  needles  whidi  are 
almost  insoluble  in  the  usual  neutral  solvents.  The  )ridd  was  2.5  g. 
When  rapidly  heated  to  230**,  then  slowly,  it  mdts  and  decomposes  at 
231-2®  with  prdiminary  softening  and  yellowing. 

Subs.,  0.1535 :  (Kjeldahl)  14.4  cc.  o.i  N  HCl.    Subs.,  0.3396:  MgtAsrO?,  0.1647. 
Calc.  for  CoHifOiNjAs:  N,  13.25;  As,  23.62.    Pound:  N,  13.14;  As,  23.41. 

Ar-(Phenyl-2-arsonic  acid)-g^ycine-metliylureide. — ^A  solution  of  4.4 
g.  of  (7-arsanilic  add  in  20  cc.  of  N  aqueous  sodium  hydroxide  solution  was 
boiled  50  minutes  with  3.1  g.  of  a-chloroacetyl-/8-methyl-urea,  the  latter 
gradually  dissolving  and  the  mixture  finally  setting  to  an  almost  solid 
cake,  bdng  then  transferred  to  the  water  bath  and  heated  V«  hour  longer. 
After  repredpitation  from  dil.  ammonia  in  the  usual  manner,  2.1  g.  of  the 
arsonic  add  were  obtained  as  balls  of  minute  needles  which  are  very 
sparingly  soluble  in  boiling  water,  alcohol,  or  methyl  alcohol,  but  dissolve 
in  boiling  acetic  add.  When  rapidly  heated  to  215**,  then  slowly,  the 
add  mdts  and  decomposes  at  218**  with  slight  preliminary  softening  and 
darkening. 

Subs.,  o.  1 642 :  (Kjeldahl)  15 .05  cc.  o.  i  iNT  HCl.    Subs.,  0.3248 :  MgiAssO?,  o» 1 507. 

Calc.  for  CioHuOftNtAs:  N,  12.69;  As,  22.63.    Pound:  N,  12.84;  As,  22.40. 

*  Tras  JouRNAi^,  40,  1583  (1918). 
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(C)  Derivatives  of  m-Arsanilic  Add. 
^-(Phenyl-a-arsonic  acid)glycine-ureide. — ^This  substance  was  pre- 
pared and  purified  by  the  method  of  the  preceding  experiment,  from  4.4 
g.  of  m-arsaniHc  add,*  separating  gradually  as  colorfess  microscopic  needles 
frequently  grouped  in  btmdles.  The  3deld  was  2.5  g.  It  is  soluble  in 
boiling  water  and  boiling  50%  alcohol  and  separates  from  the  former  in 
rosets  of  minute  needles.  It  decomposes  at  208-9**  ^^  prdiminary 
softening. 

Subs.,  0.1494:  17.2  cc.  N  (27.0^  758  mm.).    Subs.,  0.3038:  MgsAs207,  0.1501. 
Calc  for  CfHitOtNtAs:  N,  13.25;  As,  23.62.    Pound:  N,  13.08;  As,  23.84. 

AT-CPbenyl-a-arsenic  add)g^ycine-melhylureide. — ^Using  17.5  g.  of 
m-arsamlic  add  and  13  g.  of  a-chloroacet)d-j5-methyl-urea  in  the  usual 
manner,  the  substance  suddenly  separated  after  */i  hour.  So  cc. 
of  N  hydrodiloric  add  solution  were  added  on  cooling  and  the  pre- 
dpitate  filtered  oflf  and  washed  with  water.  The  )rield  was  19  g.  Re- 
crystallized  as  in  the  preceding  examples,  the  add  mdts  with  decomposi- 
tion at  213-3.5**  when  rapidly  heated.  It  is  rather  sparingly  soluble  in 
boiling  water  or  50%  alcohol,  separating  from  the  former  as  rosets  of  ddi- 
cate  needles. 

Subs.,  0.1460: 16. 1  cc.  N  (23.5®,  750  mm.)-    Subs.,  0.3273:  MgsAsjO 7, 0.1493. 
Cak.  for  CisHi^OaNsAs:  N,  12.69;  As,  22.63.    Pound:  N,  12.54;  As,  22.01. 

(D)  Derivatives  ci  Sabstituted  Arsanilic  Adds. 
Ar-(3-Methyiphenyi-4-arsonic  add)g^3rcine-ureide. — 16.2  g.  of  3-methyl- 
4-aminophenyl  arsonic  add  (from  (?-toluidine),  were  dissolved  in  70  cc.  of 
N  sodium  hydroxide  solution  and  boiled  with  9.5  g.  of  chloroacetyl-mea. 
After  Vi  hour  the  mixture  suddenly  aystallized  and  was  cooled,  treated 
with  25  cc.  of  10%  hydrochloric  add,  filtered,  and  washed.  The  add  was 
dissolved  in  dil.  ammonia,  and  the  solution  heated  and  addified  with  acetic 
add,  causing  the  separation  of  the  ureide  as  delicate  needles.  The  yidd 
was  1 1  g.  The  substance  is  sparingly  soluble  in  boiling  water  or  boiling 
50%  alcohol,  and  decomposes  at  about  235**  when  rapidly  heated. 

Subs.,  0.1392: 15.5  cc  N  (22.5®,  756  mm.).    Subs.,  0.3327:  MgiAssO?,  0.1544. 
Calc.  for  CioHuOtNtAs:  N,  12.69;  As,  22.63.    Found:  N,  12.80;  As,  22.40. 

Sodium  Soli. — ^The  add  was  suspended  in  a  anall  vokune  of  water  and 
sodium  hydroxide  solution  carefully  added  imtil  solution  was  complete 
and  the  reaction  was  faintly  alkaline  to  litmus.  On  warming  the  solu- 
tion and  adding  2  volumes  of  alcohol  the  sodium  salt  separated  as  glis- 
tening plates  containing  2  molecules  of  water  of  crystallization.  When 
reoystallized  from  a  small  volume  of  hot  water  it  also  separates  as  the 
same  hydrate. 

Subs.,  air-dry,  0.5 114:  loss,  0.0460  in  vacuo  at  100®  over  HsSOi. 
Calc  for  CioHuOiNtAsNa.2HsO:  HtO,  926.    Pound:  9.00. 
1  Tms  JousNAi;,  40,  1583  (1918). 
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Subs.,  anhydrous,  0.1132:  11.4  cc.  N  (20.0®,  758  mm.).     Subs.,  0.2586:  MgiA^Or, 
0.1123. 

Calc.  for  CioHijOiNtAsNa:  N,  11.90;  As,  21.22.    Found:  11.71;  As,  20.96. 

Ar-(3-Methylpheiiyl-4-ar8oiiic  acid)c^ycine-meth]li]reide. — ^After  one 
hour  23  g.  of  3-methyl-4-aiiiinophetiyl  arsonic  add  as  the  sodium  salt 
and  15  g.  of  a-chloroaoetyl-jS-methyl-urea  3delded  a  solution  which  set 
to  a  thick,  crystalline  mass  on  cooling.  This  was  diluted  with  water  and 
treated  with  40  cc.  of  10%  hydrochloric  add.  Repredpitated  from  hot 
dil.  ammoniacal  solution  with  acetic  add,  the  yield  was  12  g.  The  sub- 
stance is  sparingly  soluble  in  hot  water  but  dissolves  in  boiling  50%  al- 
cohol. It  separates  from  the  former  as  hair-like  needles  and  from  the 
latter  as  radiating  masses  of  minute  needles.  When  rapidly  heated  it 
decomposes  at  218-9^ 

Subs.,  0.1326:  14.0  cc.  N  (24.5%  756  mm.).    Subs.,  0.3418:  MgiAstOr,  0.1523. 
Calc.  for  CuHuOtNsAs:  N,  12.17;  As,  21.72.    Found:  N,  12.07;  As,  21.52. 

Ar-(2-Hydrozyphenyl-s-ar8onic  acid)c^ycine-ureide. — On  boiling  a  solu- 
tion of  3.8  g.  of  3-amino-4-hydrox3rphenyl  arsonic  add*  in  16.5  cc.  of 
N  sodium  hydroxide  solution  with  4.4  g.  of  chloroacetyl-urea  it  suddenly 
set  to  a  solid,  oystalline  cake.  After  another  hour  on  the  water  bath 
water  was  added  and  the  crystalline  mass  disintegrated  and  filtered. 
Repredpitated  from  solution  in  hot,  dil.  ammonia  with  acetic  add,  the 
substance  separated  as  flat,  minute,  almost  colorless,  glistening  needles 
which  contained  between  i  and  1.5  molecules  of  water  of  oystallization. 
The  yidd  was  3.3  g.    When  anhydrous  it  decomposes  at  203-5**. 

Subs.,  air-dry,  0.4214:  loss,  0.0257  in  vacuo  at  100 **  over  HsS04. 

Calc.  for  CtHiiO»N»As.HiO:  HtO,  513.    Found:  6.10. 

Subs.,  anhydrous,  0.2946:  (Kjeldahl)  26.65  cc.  o.i  N  HCl;  MgtAsfOr,  0.1380. 

Calc.  for  CsHitOsNtAs:  N,  12.62;  As,  22.50.    Pound:  N,  12.68;  As,  22.61. 

Nbw  York,  N.  Y. 


[CONTRmunON  from  the  LaBORATORISS  09  the  RoCKBF8U«8R  iNSnTDTS  FOR 
MSDICAL  RBSSARCH.] 

AROMATIC  ARSENIC  COMPOUNDS,    IV. 

AROMATIC  AMID£S  OF  i^T-ARTLGLYCINE  ARSONIC  ACIDS. 

Wai^tbr  a.  Jacobs  and  Micbael  Heidelbergqr. 

Received  July  2,  1919. 

In  continuation  of  the  studies  described  in  the  preceding  papers  of  this 

.•4««  2  ^g  have  prepared  the  arylamides  and  substituted  arylamides 

arylglydne  arsonic  adds  possessing  the  following  general  formula: 

NHCHtCONH 


0 
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ns  Journal,  40,  1590  (1918). 
id.,  41,  1581,  1587,  1600  (1919). 
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a  series  of  compounds  with  such  extensive  synthetic  possibilities  as  to 
afford  a  very  fertile  ground  for  chemotherapeutic  researches.^ 

Like  the  alkylamides  and  ureides  these  substances  were  readily  ob- 
tained by  the  interaction  of  the  sodium  salt  of  the  aminoaryl  arsonic 
add  with  the  aromatic  chloroacetylamino  compound,  according  to  the 
reaction  NaHO,AsC«H4NH2  +  ClCHjCONHAr  — >-  H20,AsC«H4NHCH,- 
CONHAr  +  NaCl.  In  the  case  of  the  chloroacetyl  derivatives  erf  the 
simpler  amines  or  of  their  halogen,  nitro,  acylamino,  carboxamide, 
carboxm-eide,  or  sulfonamide  derivatives,  the  reaction  was  best  accom- 
plished in  50%  alcoholic  solution  in  the  presence  of  sodimn  iodide,  the 
latter  causing  the  intermediate  formation  of  the  more  reactive  iodoacetyl 
compounds.  However,  where  chloroacetylamino  adds  or  the  simpler 
chloroacetyl-aminophenols  were  employed  the  condensation  could  be  car- 
ried out  rapidly  in  aqueous  solution  without  the  use  of  sodium  iodide.  In 
sudi  cases,  one-half  to  one  hotur's  boiling  usually  sufficed  for  complete 
reaction  owing  to  the  great  lability  of  the  chlorine  in  these  compotmds, 
whereas  the  chlorine  in  the  first  mentioned  substances  is  far  more  stable. 
On  boiling  the  chloroacetylamino  adds  or  phenols  with  aqueous  alkali  or 
salts  of  weak  adds  a  copious  liberation  of  chlorine  ion  may  quickly  be 
obtained,  whereas  such  a  result  can  be  obtained  with  the  chloroacetyl 
compounds  of  other  aromatic  amines  only  through  mudi  more  vigorous 
treatment. 

In  some  instances  the  great  reactivity  of  these  chloroacetyl  com- 
pounds produced  complications,  since  the  sodium  arsanilate  functioned 
rather  as  a  salt  of  a  weak  add  and  removed  the  chlorine  before  much 
opportunity  for  condensation  with  the  amino  group  was  afforded.  This 
difficulty  was  overcome  in  the  case  of  chloroacetyl-anthranilic  add  by  the 
use  of  its  ethyl  ester  and  subsequent  saponification  of  the  resulting  ester 
arsonic  add.  It  was  also  found  necessary  to  adopt  a  similar  procedtu'e 
in  the  case  of  chloroacetyl-methylanthranilic  add.  A  similar  difficulty 
was  encotmtered  in  using  a-chloroacetylamino-phenol  for  the  preparation 
of  the  (?-hydroxyanilides,  on  account  of  the  readiness  with  which  it  tmder- 
goes  ortho  condensation  in  the  presence  of  salts  of  weak  adds  to  form  the 
anhydride  of  t7-amino-phenoxyacetic  add.  This  reaction  preponderated 
particularly  with  o-  and  f -arsanilic  adds  and  only  poor  yidds  of  the  de- 
sired glycine  compounds  were  obtained..  The  yidds  were  greatly  im- 
proved, however,  by  employing  two  molecules  of  arsanilic  add  itself 
instead  of  the  soditun  salt,  the  formation  of  (?-amino-phenoxyacetic 
anhydride  being  almost  completdy  suppressed. 

The  reaction  with  t7-chloroacetylamino-phenolalso  afforded  an  inter- 
esting opportunity  to  note  the  differences  in  reactivity  between  m-arsanilic 

*  Cf.  footnote,  Tms  Journai«,  41,  1588-9  (1919)- 
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add  on  the  one  hand  and  the  o-  and  ^-adds  on  the  other.  It  has  been  our 
experience  that  amines  with  negative  su^tituents  sudi  as  m-nitraailine 
react  more  readily  with  halogen-acetyl  compounds  than  do  the  o-  and 
p-isomers.  In  the  reaction  between  sodium  m-arsanilate  and  (mMoto- 
aoetylamino^henol  the  tendency  toward  glycine  formation  was  sudi  as  to 
proceed  at  a  more  rapid  rate  than  the  formation  of  ^amino-phenoxy- 
acetic  anhydride,  so  tliat  the  3ridd  of  the  (^-hydroxyaniUde  was  much 
greater  and  that  of  the  by-product  much  smaller  than  in  the  case  of  t)ie 
isomeric  arsanilic  adds.  It  is  probable  tliat  a  comparative  study  of  the 
reactivity  of  the  aminophenyl  arsonic  adds  with  other  halogen-acet]d 
compounds  would  yidd  a  similar  result.  Such  experiments  involving 
velodty  measurements  were,  however,  beyond  the  scope  of  the  present 
studies. 

Spedal  attention  has  been  given  in  the  presoit  work  to  a  study  of  the 
hydroxyanilides  of  the  arylglydne  arsonic  adds,  since  reducticm  converts 
them  into  a  group  of  arseno  compounds  which  yidd  water-soluble  alkali 
phenolates.  These  trivalent  arsenicals  have  been  the  subject  of  interesting 
biological  investigations  and  since  both  the  chemical  and  bicdogical  studies 
with  such  compounds  are  still  in  progress,  their  description  will  be  left 
to  later  communications. 

As  derivatives  of  the  phenylglydne  arsonic  adds,  the  substances  herein 
described  function  both  as  adds  and  bases.  As  adds  they  are  easily 
displaced  from  their  salts  by  acetic  add,  except  in  those  cases  in  which  the 
arylamide  nudeus  is  substituted  by  other  add  groups,  in  which  case 
dther  a  mineral  add  or  a  large  excess  of  acetic  add  is  required.  The 
feeble  basic  properties  due  to  the  imino  group  are  typified  by  the  forma- 
tion of  hydrochlorides  otAy  in  the  presence  of  rdativdy  strong  hydro- 
diloric  add.  As  secondary  amines  they  also  yidd  nitroso  derivatives. 
The  amide  linkage  renders  the  glydneanilides  susceptiUe  to  hydrolysis 
on  boiling  with  mineral  adds  or  alkalies,  but  they  seem  somewhat  more 
stable  toward  the  action  of  alkali  than  the  corresponding  aliphatic 
amides. 

As  a  rule  the  free  arsonic  adds  do  not  possess  sharp  mdting  or  decom- 
position points,  the  values  obtained  depending  greatly  upon  the  rate  of 
heating.  They  are  on  the  whole  but  sparingly  soluble  in  the  usual  sdvents. 
The  sodium  salts,  on  the  other  hand,  dissolve  more  or  less  readily  in  water 
depending  upon  the  natiu-e  and  position  of  the  substituting  groups  and 
are  often  salted  out  by  sodium  diloride  or  acetate.  For  the  convenience 
of  biological  testing  the  sodium  salts  were  prepared  in  many  cases,  al- 
though this  was  also  found  a  convenient  means  for  the  ptuification  of 
individual  compounds. 
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EXPBRIliSNTAL. 
(A)  Derhrathres  of  />-Arsanilic  Acid. 

iV^-(Pheii^-4*arBonic  Acid)|^7ciiieanilidei  ^-HsOsAsC^EUNHCHi- 
CONHCJIft. — ^This  substance  can  be  prepared  by  the  two  methods  al- 
ready described  in  the  preparation  of  the  amide  of  phenylglycine-/>- 
arsonic  add;^  viz.,  by  the  reaction  of  sodium  arsanilate  with  chloro- 
acetaniHde  or  by  that  of  phenyl-(4-arsonic  acid)-glycine  methyl  ester 
with  aniline  itself.  Both  the  speed  and  yield  of  the  first  reaction  are 
much  improved  either  by  repladng  the  chloro  compound  by  the  iodo- 
acetyl  derivative  or  by  adding  sodium  iodide  to  the  reaction  mixture. 

22  g.  of  arsanilic  acid  were  dissolved  in  100  cc.  of  AT  sodium  hydroxide 
solution.  To  this  were  added  17  g.  of  chloroacetanilide,'  20  g.  of  sodium 
iodide,  and  100  cc.  of  alcohol  and  the  mixttu^  was  boiled  for  two  hours. 
During  the  heating  the  reaction  product  suddenly  separated.  After 
cooling  the  substance  was  filtered  off,  washed  with  50%  alcohol  and  re- 
disscdved  in  dil.  ammonia.  On  repredpitating  the  hot  solution  with  an 
excess  of  acetic  add*  the  arsonic  add  separated  in  easily  filterable  form 
in  a  yidd  of  25  g.  Recrystallized  from  50%  alcdiiol  it  separates  as  minute, 
delicate  needles  whidi  do  not  mdt  bdow  285^  when  rapidly  heated. 
As  a  secondary  amine  it  reacts  with  nitrous  add,  giving  the  nitroso  deriva- 
tive described  bdow.  The  substance  is  practically  insoluble  in  the  cdd 
in  the  usual  organic  solvents,  but  is  appreciably  dissolved  by  a  large 
volume  of  hot  methyl  or  ethyl  alcohol  or  glacial  acetic  add.  It  is  in- 
soluble in  cold  diL  hydrochloric  add,  but  on  warming  it  dissolves,  forming 
the  hydrochloride,  which  separates  on  cooling. 

Sabs.,  0.IS08:  9x>5  cc  N  (23.0®,  763  mm.).    Subs.,  0.4164:  MgiAstOn  0.1828. 
Cak.  for  CMHii04N»A8:  N,  8.00;  As,  21.39.    Pound:  N,  8.04;  As,  21.18. 

The  8id>stance  was  also  prepared  as  follows:  6  g.  of  (phenyl-4-arscMiic 
add)-glydne  methyl  ester*  and  12  g.  of  aniline  were  treated  with  20  cc. 
of  methyl  alcohol  and  heated  on  the  water  bath  until  solution  was  com- 
plete. The  alcohol  was  then  allowed  to  boil  off  and  after  several  hours' 
heating  the  mdt  began  to  crystallize.  The  residue  was  finally  taken  up 
in  dil.  sodium  hydroxide  solution,  and  made  definitdy  alkaline  to  phenol- 
phthaletn  to  saponify  any  unchanged  ester.  The  filtered  solution  was  then 
addified  with  acetic  add  and  on  scratching  the  arsonic  add  separated 
and  was  purified  as  above  described.  The  substance  so  obtained  agreed 
in  all  of  its  properties  with  that  obtained  by  the  alternative  method. 

Subs.,  0.1549:  10.6  cc.  N  (24.5 ^  754  mm.). 

Cak.  for  Ci4Hu04NiAs:  N,  8.00.    Found:  7.79. 

Sodium  Soli. — On  dissolving  the  arsonic  add  in  dil.  sodium  hydroxide 
1  Tms  JomtNAL,  41, 1589  (i9i9)« 

«iwa.,  3^1441  (1917). 

«  Ibid.,  41,  1590  (1919). 


Digitized  by 


GooQle 


I6l4  WALTER  A.  JACOBS  AND  MICHAEL  HEIDELBER6BR. 

solution  tintil  faintly  alkaline  to  litmus  and  adding  an  equal  volume  of 
sattu'ated  sodium  acetate  solution,  the  sodium  salt  separated  as  glistening 
scales.  After  filtering  and  washing  .with  20%  sodium  acetate  solution,  * 
and  then  with  85%  alcohol,  it  was  air-dried.  The  salt  contained  4  mole- 
cules of  water  of  crystallization.  It  is  freely  soluble  in  water  and  its 
dilute  solutions  do  not  give  immediate  precipitates  with  calcium  or  barium 
salts.  With  magnesia  mixtture  a  precipitate  is  formed  cmly  on  heating, 
while  heavy  metal  salts  give  insoluble  precipitates  at  once. 

Subs.,  air-dry,  0.9416:  Loss,  0.1553  in  vacuo  at  100**  over  HtSOi. 
Calc.  for  CMHi404NtAsNa.4HsO:  HsO,  16.22.    Pound:  16.49. 
Subs.,  anhydrous,  0.1709:  11.4  cc.  N  (21.0^  754  mm.). 
Calc.  for  Ci4Hi404NtAsNa:  N,  7.53.    Pound:  7.69. 

Nitroso  Compound,  />-H20,AsC«H4N(NO)CH,CONHC«H».— 3  g.  of  the 
arsonic  add  were  suspended  in  35  cc.  of  glacial  acetic  add  and  treated 
slowly,  with  constant  agitation,  with  6  cc  of  a  10%  sodimn  nitrite  solu- 
tion. Only  a  portion  of  the  substance  dissolved  and  the  mixture  was 
heated  to  boiling,  forming  a  dear,  ydlow  solution.  To  complete  the 
reaction  0.5  cc.  of  sodium  nitrite  solution  was  added  and  the  mixture 
cooled,  rosets  of  flat  needles  forming  on  scratching.  After  diluticm  with 
water  to  complete  the  separation  the  nitroso  compound  was  filtered  off 
and  recrystallized  from  50%  alcohol.  It  separated  as  sheaves  of  long, 
flat,  colorless  needles  containing  one  molecule  of  water  of  oystallization. 
The  yidd  was  2.3  g.  When  rapidly  heated  to  185®,  then  slowly,  it 
effervesces  at  190-2®.  It  is  very  sparingly  soluble  in  boUing  water, 
readily  in  boiling  50%  alcohol,  quite  easily  in  the  cold  in  acetic  add, 
and  somewhat  sparingly  so  in  cold  95%  alcohol.  The  nitroso  com- 
potmd  is  turned  brown  by  sulfuric  add  but  dissolves  to  a  colorless  solu- 
tion; in  the  presence  of  phenol,  however,  a  brown  solution  is  obtained, 
changing  rapidly  to  deep  green. 

Subs.,  air-dry,  0.4429:  'Loss,  0.0218  in  vacuo  at  80"  over  HtSOi. 
Subs.,  0.1023:  9.5  cc.  N  (24.0®,  761  mm.).    Subs.,  0.2979:  MgtAssOT,  0.1154. 
Calc    for   Ci4Hi40tNiAs.HtO:  HjO,   4.54;   N,    10.58;  As,    18.87.    Pound:  H«0. 
4.92;  N,  10.69;  As,  18.70. 

iV-(Phenyl-4-arsonic  Add)-glycine-2'-toluidide,  ^-HiOiAsC6H4NHCHi- 
CONHC«H4CH8(o-). — ^This  substance  was  prepared  as  usual  from  chloro- 
acetyl-o-toluidine,  aided  by  the  addition  of  sodium  iodide.  Purified  by 
redissolving  in  a  slight  excess  of  dil.  sodium  hydroxide  solution,  warming, 
and  repredpitating  with  acetic  add  the  add  separated  slowly  as  aggre- 
gates of  flat,  microscopic  needles.  Recrystallized  from  50%  alcohol  it 
forms  woolly  masses  of  ddicate  needles  which  do  not  mdt  bdow  275**  and 
are  sparingly  soluble  in  hot  water  and  acetone.  It  is  insoluble  in  the 
cold  in  50  or  95%  alcohol  but  appredably  so  on  boiling  apd  readily  so 
in  hot  acetic  add.     It  dissolves  appredably  in  cold  methyl  alcohol. 
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Subs.,  0.2944:  9-9  cc  N  (24.5  %  758  mm.). 

Calc  for  CuHi704NtAs:  N,  7.69.    Pound:  N,  7.69. 

Sodium  Salt, — On  adding  several  volumes  of  alcohol  to  the  neutral 
solution  of  the  add  in  dil.  sodium  hydroxide  the.  sodium  salt  separates 
slowly  as  aggregates  of  long,  narrow  platelets  which  contain  2.5  mole- 
cules of  water  of  crystallization. 

Subs.,  air-dry,  0.5627.    I/)6s,  0.0580  in  vacuo  at  100^  over  HsSOi. 

Calc.  for  Ci»Hi«04NiAsNa.2.5HiO:  HiO,  10.44.    Found:  10.31. 

Subs.,  anhydrous,  0.2944:  (Ejeldahl),  15.0  cc.  o.i  N  HCl;  MgsAssO?,  0.1175. 

Calc.  for  CuHieO^NiAsNa:  N,  7.26;  As,  19.41.    Found:  N,  7.14;  As,  19.27. 

Ar-(Phenyl-4-arsonic  Acid)-glycine-3'-toluidide. — ^The  yield  from  3.7 
g.  of  chloroacetyl-m-toluidine^  was  4  g.  The  crude  product  was  re- 
crystaJlized  from  85%  alcohol,  separating  as  aggregates  of  long,  thin 
plates.  When  rapidly  heated  it  decomposes  at  about  285®,  with  prelim- 
inary darkening  and  softening.  It  is  insoluble  in  boiling  water  or  acetone, 
but  is  appreciably  soluble  in  boiling  methyl  and  ethyl  alcohols  and  readily 
so  in  boiling  acetic  add. 

Subs.,  0.1929:  13.3  cc.  N  (22.5",  764  mm.).    Subs.,  0.3012:  MgsAsiO?,  0.1257. 
Calc  for  CiiHirO^NsAs:  N,  7.70;  As,  20.58.    Pound:  N,  8.01;  As,  20.16. 

iV-(Phenyl-4-arsonic  Acid)-glycine-4'-toluidide.— This  substance,  ob- 
tained from  chloroacetyI-/>-toluidine,  separates  from  the  reaction  mixture 
during  the  heating.  Reptedpitated  with  acetic  add  from  its  solution 
in  suffident  hot,  dil.  sodium  hydroxide  it  separated  as  minute  aggregates 
of  short,  flat,  microscopic  needles.  It  crystallizes  from^hot  50%  alcohol, 
in  which  it  is  but  sparingly  soluble,  as  woolly  masses  of  minute  needles 
which  do  not  decompose  when  heated  up  to  280®.  It  is  practically  in- 
soluble in  boiling  water,  and  but  sparingly  so  in  boiling  methyl  or  ethyl 
alcohol  but  is  readily  soluble  in  boiUng  acetic  add. 

Subs.,  0.1496:  9.8  cc.  N  (25.0**,  762  mm.). 

Calc.  for  CuHnOiNtAs:  N,  769.    Found:  7.53. 

Sodium  SaU. — ^When  the  add  is  dissolved  in  hot,  dil.  soditnn  hydroxide 
solution  and  carefully  neutralized  with  acetic  add  the  sodium  salt  separates 
on  cooling  as  long,  thin,  curved,  glistening  needles,  containing  three 
molecules  of  water  of  crystallization.  This  salt  is  sparingly  soluble  in 
cold-water  and  even  less  so  in  the  presence  of  other  sodium  salts. 

Subs.,  air-dry,  0.6936:  Loss,  0.0856  in  vacuo  at  lOo"  over  H2SO4. 

Calc.  for  Ci»Hw04NtAsNa.3HtD:  HjO,   12.28.    Found:  12.34. 

Subs.,  anhydrous,  0.2989:  (Kjeldahl),  15.3  cc.  o.i  N  HCl;  MgsAssO?,  0.1213. 

Calc.  for  CuHifOiNsAsNa:  N,  726;  As,  19.41.    Pound:  N,  717;  As,  i9-59- 

Ar-(Phenyl-4-4ffsonic  Acid)-gl7cine-a^na[dlithylamide,  ^-HjO»AsC«H4- 
NHCH,CONHCioH7(a-).  —  Chloroacetyl  -  a  -  naphthylamme     reacted 
smoothly,  the  product  separating  from  the  dear  solution  on  scratch- 
ing.     It  was  best   purified  by  predpitating   a   hot,    dil.    ammoniacal 
*  /.  Bud,  Ckem,,  ax,  108  (1915). 
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solution  with  acetic  add,  forming  aggregates  of  microscopic  needles. 
It  is  practically  insoluble  in  boiling  water  or  50%  alcohol.  When  rapidly- 
heated  it  darkens  slightly,  but  does  not  melt  up  to  280^.  On  heating 
its  solution  in  dil.  sodium  hydroxide  the  odor  of  a-naphthylamine  is 
quickly  noticeable  owing  to  slight  cleavage  of  the  amide  linking. 

Subs.,  0.1466:  9.0  cc.  N  (22.0**,  758  mm.).    Subs.,  0.3799:  MgtAs^,  0.1457. 

Calc.  for  CitHi704N»As:  N,  7-00;  As,  18.73.    Found:  N,  7.09;  As,  18^1. 

Ar-(Phenyl-4-arsonic  Acid)-glycine-/3-na[dlithylamide. — During  the  in- 
teraction of  chloroacetyl-j3-naphthylamine  with  sodium  arsanilate  in  the 
presence  of  soditun  iodide  the  sparingly  soluble  chloro  compound  was 
gradually  replaced  by  the  reaction  product,  so  that  complete  solution 
never  occurred.  After  4  hoiu^'  heating  the  mixture  was  diluted  with  water 
and  treated  with  ammonia  tmtil  definitely  alkaline.  The  filtrate  was 
wanned  and  treated  with  acetic  add,  causing  the  precipitation  of  the 
arsonic  add  as  a  crystalline  powder.  The  yield  from  4.4  g.  of  chloro 
compound  was  5  g.  For  piuification  it  was  redissolved  in  dil.  ammonia 
and  repredpitated  with  acetic  add,  forming  aggregates  of  microscopic 
needles  which  are  practically  insoluble  in  boiling  water  or  50%  alcohol. 
When  rapidly  heated  it  decomposes  at  285-6®  to  a  red  liquid. 

Subs.,  0.2154:.  (Kjeldahl),  10.6  cc.  o.i  N  HCL 
Calc.  for  C18H17O4NSAS:  N,  7.00.    Found:  6.90. 

Sodium  Salt, — ^When  the  add  is  dissolved  in  warm,  dil.  sodium  hy- 
droxide solution  and  carefully  neutralized  with  acetic  add  the  sparingly 
soluble  sodium  salt  quickly  separates  as  a  lustrous,  crystalline  mass. 
Recrystallized  from  a  small  voliune  of  50%  alcohol  it  forms  aggregates 
of  flat  needles  which  contain  approximatdy  4.5  molecules  of  water  of 
crystallization. 

Subs.,  air-dry,  0.8419:  Loss,  0.1338  in  vacuo  at  100^  over  HtSO«. 

Calc.  for  CitHie04NiAsNa.4.5HtO:  HiO,  16.11.    Found:  15.89. 

Subs.,  anhydrous,  0.3273:  (Kjddahl),  15.55  cc-  o.i  N  HCl;  MgfAssOr,  0.1214. 

Calc.  for  Ci8Hi<04NiAsNa:  N,  6.64;  As,  I7.74.    Found:  N,  6.66;  As,  i7.90. 

iV-(Phenyl-4-arsonic  Acid)-8^ycinedi[dlienylamidey  />-H20tAsCeH4- 
NHCHiC0N(C«Hft)2. — On  boiling  equivalent  amounts  of  sodium  arsanilate, 
chloroacetyldiphenylamine,^  and  sodium  iodide  in  50%  alcohol  as  in 
previous  examples,  an  oily  reaction  product  separated  after  several 
minutes.  On  continued  boiling  this  redissolved  and  after  about  an  hour 
the  crystalline  arsonic  add  was  deposited.  The  isolated  product  was 
dissolved  in  dil.  ammcmia,  leaving  an  insoluble  residue  which  was  collected 
with  boneblack  and  filtered  off.  Oa  addifying  the  filtrate  to  oongo 
red  with  hydrochloric  add  the  diphenylamide  was  obtained  and  for  final 
piuification  was  redissolved  in  hot,  very  dil.  ammonia  and  predpitated 
with  acetic  add.  The  arsonic  add  separated  as  long,  thin,  microscopic 
*  H.  Frerichs,  Chem,  Zenir.,  74,  103-4  (1903). 
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leaflets  which  contained  one  molecule  of  water  of  aystallization.  The 
anhydrous  substance  decomposes  at  271-2®  with  slight  preliminary 
softening  and  is  very  sparingly  soluble  in  boiling  water  or  50%  alcohol. 

Subs.,  air-dry,  0.6797:  Loss,  0.0267  in  vacuo  at  loo*  over  HsSOi. 

Cak.  for  CtoHit04NsAs.HsO:  HiP,  4.06.    Found:  3.93. 

Subs.,  anhydroos,  0.1780:  (Kjeldahl),  8.3  cc.  0.1  N  HCl.    Subs.,  0.2355: 
MgiAsi07«  0.0853. 

Calc.  for  CtoHi904NsAs:  N,  6.57;  As,  1758.    Found:  N,  6.53;  As,  1748. 

iV'-(Phenyl-4-arsonic  Acid)-glycine-4'-chloroan]lidey  /?-HiO»AsC«H4- 
NHCH2CONHCeH4Cl(/>-).— Precipitated  from  the  hot  solution  of  its 
sodium  salt  with  acetic  add,  the  substance  obtained  from  chloroacetyl-/>- 
chloroaniline  quickly  separates  as  toothed,  microscopic  leaflets  which  are 
often  cross-shaped.  It  does  not  melt  below  280®  and  is  almost  insoluble 
in  boiling  water  or  50%  alcohol.  The  sodium  salt  is  easily  salted  out 
from  its  solutions  by  sodium  acetate. 

.  Subs.,  0.3058:  (Kjeldahl^  15.5  cc.  o.i  N  HCl;  MgiAsjOy,  0.1238. 
Calc.  for  CiJiuO^NsClAs:  N,  7.29;  As,  19.49-    Foimd:  N,  7.10;  As,  19.54. 

iV-(Phenyl-4-arsonic  Acid)glycine-4'-iodoanilide. — (From  chloroacetyl- 
^-iodoaniline.^  When  added  to  the  hot  solution  of  its  sodiiun  salt, 
acetic  add  causes  the  separation  of  the  arsonic  add  as  broad,  minute 
needles  which  do  not  mdt  bdow  275®  and  are  practically  insoluble  in 
boiling  water. 

Subs.,  0.2066:  (Kjeldahl).  8.45  cc.  o.i  N  HCl. 

Calc.  for  C14H14O4N1IAS:  N,  5.89.    Found:  5.73. 

Sodium  Salt. — ^When  an  aqueous  suspension  of  the  add  was  neutralized 
with  sodium  hydroxide  and  treated  with  sodium  acetate  solution  the  soditmi 
salt  crystallized  as  glistening  leaflets.  RecrystaUized  from  85%  alcohol 
the  salt  separated  in  resets  of  needles  which  contained  3.5  molecules  of 
water  of  crystallization. 

Subs.,  air-dry,  0.4029:  Loss,  0.0448  in  mcuo  at  100*  over  HsS04. 

Cak,  for  Ci4Hu04NiIAsNa.3.5HiO:  HiO,  11.23.    Found:  ii.i2. 

Subs.,  anhydrous,  0.2946:  (Kjeldahl),  11.65  cc.  0.1  N  HCl;  MgsAssOr,  0.0922. 

Cak.  for  CuHit04N»IAsNa:  N,  5.63;  As,  15.05.    Found:  N,  5.54;  As,  15. ii. 

Ar-(Phenyl-4-er8(mic  Acid)-gl7cine-4'-nitroanilidey  ^-HsOsAsC«H4- 
NHCHiCONHC«H4N02(/^).— In  this  case  the  sparingly  soluble  chloro- 
acetyl-^-nitraniline*  was  gradually  replaced  by  the  reaction  product. 
The  crude  substance  was  suspended  in  a  large  volume  of  hot  water  and 
treated  with  a  slight  excess  of  ammonia.  The  hot,  filtered  solution  was 
then  treated  with  an  excess  of  hyxlrochlaric  add,  causing  the  predpitation 
of  the  arsonic  add  as  long,  thin,  faintly  yellow  needles.  Acetic  add  is 
not  a  suffidently  strong  add  completdy  to  displace  the  nitro  add  from 
its  ammonimn  salt,  and  as  this  is  also  sparingly  soluble  in  water  it  cool- 

^  Tms  JouKNAL,  39,  1441  (1917). 
*  /,  Bid,  Chem.,  ax,  112  (1915). 
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taminates  the  free  arsonic  add  unless  a  mineral  add  is  used  as  predpitant. 
The  yidd  from  14.5  g.  of  diloroacetyl-^-nitraniline  was  18.5  g.  The 
arsonic  add  is  practically  insoluble  in  boiling  water  or  50%  alcohol  and 
does  not  mdt  bdow  285®. 

Subs.,  0.1217:  11.25  cc.  N  (27.0®,  762  mm.). ,  Subs.,  0.31 10:  MgiAstOri  0.1212. 
Calc  for  CiJIuOeNjAs:  N,  10.63;  As,  18.98.    Pound:   N,   10.55;  As,  18.81. 

A^-(Phenyl-4-arsonic  Acid)-glycine-4'-aminoan]lide,  ^-Hi03AsC6H4- 
NHCH2CONHC6H4NH2(p-)— This  substance  could  not  be  made  directly 
from  /?-amino-chloroacetanilide  because  of  the  inaccessibility  of  the  latter 
compoimd.  It  is  also  probable  that  the  presence  of  the  amino  group 
would  prevent  a  smooth  reaction  in  the  desired  sense.  The  substance 
was  therefore  obtained  indirectly,  both  by  the  saponification  of  the  acetyl 
compoimd  described  bdow  and  by  reduction^  of  the  nitro  compound 
just  mentioned.  From  the  standpoint  of  yidd  the  latter  method  is  to  be 
preferred.    The  former,  however,  is  more  rapid. 

16  g.  of  (phenyl-4-arsonic  add)-glycine-4'-nitroanilide  were  dissolved 
in  50  cc.  of  hot  2  N  sodium  hydroxide  solution,  whereupon  the  sodium 
salt  suddenly  separated  in  finely  divided  form.  This  suspension  was 
added  to  a  bottle  containing  a  slime  of  ferrous  hydroxide  prepared  by 
precipitating  a  cold,  saturated  solution  of  80  g.  of  ferrous  sulfate  with 
suflScient  25%  sodium  hydroxide  solution  to  render  the  mixture  strongly 
alkaline  to  Utmus  after  thorough  shaking.  The  reduction  occurred  at 
once  in  the  cold,  as  evidenced  by  the  change  in  color  of  the  iron  hydroxide. 
The  bottle  was  immediately  stoppered  and  shaken  vigorously  for  several 
minutes  and  the  mixtiu'e  then  poured  on  to  a  large  suction  ftmnd.  On 
acidifying  the  filtrate  with  acetic  add  a  copious  predpitate  of  the  crude 
amino  acid  separated.  This  was  filtered  off,  redissolved  in  hot,  dil. 
ammonia,  and  repredpitated  with  acetic  add.  For  final  purification 
it  was  dissolved  in  a  considerable  voliune  of  warm,  10%  sulfuric  add, 
treated  with  bone  black,  and  sodium  acetate  solution  added  to  the  warm 
filtrate  imtil  it  no  longer  tiuned  congo  red  paper  blue.  The  amino  add 
separated  in  almost  quantitative  3ridd  as  colorless,  microscopic  needles  or 
platelets.  When  heated  rapidly  it  decomposes  at  253-4®  with  prelim- 
inary darkening.  It  is  practically  insoluble  in  boiling  water  or  50% 
alcohol  and  dissolves  in  dil.  hydrochloric  add,  the  hydrochloride  being 
readily  salted  out  by  an  excess  of  the  add.  The  add  solution  is  readily 
diazotized,  coupling  with  R-salt  to  form  a  red  dye. 

Subs.,  0.1345:  1325  cc.  N  (24.5**,  760  mm.).    Subs.,  0.1553:  MgsAstOr,  0.0654. 
Calc.  for  Ci4Hw04N»As:  N,  11 .51;  As,  20.52.    Found:  N,  11.31;  As,  20.32. 

Owing  to  the  comparative  stability  of  the  anilide  linking  in  A/^-(phenyl- 
4-arsonic  add)-glydne-4'-acetamino-anilide  (see  below),  it  was  possible 
to  remove  the  acetyl  group  in  this  compound  by  short  boiling  with  hydro- 
^  Tms  JoxTKNAi^,  40, 1580  (1913). 
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chloric  add.  A  partial  rupture  of  the  anilide  linking  could  not  be  avoided, 
however,  and  consequently  a  good  )rield  of  the  amino  compound  was  not 
obtamed.  The  mechanical  difficulties  arising  from  the  sparing  solubilities 
of  the  hydrochlorides  of  both  the  acetamino  and  amino  adds  were  over- 
come by  the  addition  of  alcohol  to  the  hydrolysis  mixture,  and  the  fol- 
lowing conditions  were  fotmd  to  permit  of  a  rapid  and  smooth  reaction. 

5  g.  of  iV-(phenyl-4-arsonic  add)-glycine-4'-acetaminoanilide  were 
suspended  in  a  mixture  of  45  cc.  of  i  :  i  hydrochloric  add  and  15  cc. 
of  alcohol.  On  boiling  the  solution  under  a  reflux  condenser  the  arsonic 
add  gradually  dissolved.  After  10  minutes*  boiling  the  clear  solution  was 
chilled,  causing  the  predpitation  of  the  hydrochloride  of  the  aminoanilide. 
The  mixture  was  diluted  with  water,  treated  with  ammonia  in  slight 
excess,  heated  on  the  water  bath,  and  addified  with  acetic  add,  the 
amino  compotmd  separating  as  minute  microscopic  needles  agreeing  in  all 
properties  with  the  substance  obtained  by  the  reduction  of  the  nitro 
compound.    The  yield  was  2  g. 

Subs.,  0.1539:  15.6  cc  N  (22.0",  760  mm.).    Subs.,  0.2902:  MgiAs207,  0.1222. 
Calc.  for  CiAeO^NtAs:  N,  11.51;  As,  20.52.    Found:  N,  11.73;  As,  20.30. 

i\^-(Phenyl-4-arsonic  Acid)-glycine-4'-acetaminoaniUde.— Owing  to  the 
sparing  solubility  of  p-chloroacetylamino-acetanilide^  the  reaction 
mixttu-e  remained  a  thick  paste  in  this  case.  After  4  hours*  heating, 
however,  the  suspended  material  was  changed  in  appearance  and  finally 
became  completely  soluble  in  dil.  sodium  hydroxide  solution.  The  sub- 
stance was  piuified  in  the  usual  manner.  From  hot,  dilute  solutions  of  the 
sodium  salt  acetic  add  causes  the  gradual  separation  of  the  add  as  aggre- 
gates of  microscopic  needles  which  are  practically  insoluble  in  boiling  water 
or  50%  alcohol  and  do  not  mdt  bdow  285  °.  22  g.  of  arsanilic  add  yielded 
29  g.  of  the  new  arsonic  add. 

Subs.,  0.1439:  13.0  cc  N  (22.5**,  76^  mm.). 

Calc.  for  CicHisOtNsAs:  N,  10.32.    Found:  10.48. 

Sodium  Salt. — On  dissohdng  the  arsonic  add  in  sodium  hydroxide 
solution  to  a  slight  alkaline  reaction  and  adding  alcohol  until  crystalliza- 
tion begins,  the  salt  gradually  separates  as  minute,  lustrous  platdets 
which  slowly  lose  part  of  their  water  of  crystallization  on  exposure  to  the 
air.  A  portion  recrystallized  from  hot  water  and  air-dried  also  gave 
uncertain  figures  for  water  of  crystallization. 

Subs.,  air-dry,  0.4421 :  Loss,  0.0379  in  vctcuo  at  100"  over  HsS04. 
Calc.   for  Ci«Hi706N»AsNa.2HtD:   2H1O,   7.75;   2V1  H,0,   949.     Found:    8.57. 
Subs.,    anhydrous,    0.1324:    11.4  cc    N  (21.5®,    761    mm.).      Subs.,    0.3218: 
MgsAsiOr,  0.1 140. 

Calc.  for  CicHi70»N»AsNa:  N,  9.79;  As,  1747-     Found:  N,  9.99;  As,  1709. 

Ar-(nienyi-4-arsonic  Add)-glycine-4'-uramino-amlide,  /^-HjOsAsCeHi- 
» Tras  JouRNAi,,  39, 1455  (1917). 
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NHCH,CONHCeH4NHCONH2(/7'-)— (From  p-chloroacetylamkLO-iAeiiyl 
urea.^)  After  one  hotir's  boiling  the  arsonic  add  suddenly  separated  frocn 
the  clear  solution.  After  an  additional  hotu-'s  heating  the  substance  was 
filtered  oflF  and  piuified  over  the  sodium  salt  described  below.  The  free 
acid  was  precipitated  by  acetic  add  from  a  hot  solution  of  the  salt  as  pale 
brown,  microcrystalline  aggregates  which  contain  ^/i  molecule  of  water  of 
aystallization.  It  is  very  sparingly  soluble  in  boiUng  water,  50%  alcohol, 
or  methyl  alcohol.  When  rapidly  heated  the  anhydrous  substance 
darkens  above  200®  and  decomposes  at  230®. 

Subs.,  air-diy,  1.1959:  Loss,  0.0299  in  vacuo  at  100^  over  H1SO4. 
Calc  for  CuHi706N4As.o.5HtO:  HjO,  2.16.    Found:  2.50. 
Subs.,  anhydrous,  0.1555:  19.0  cc.  N  (27.0®,  759  mm.). 
Calc.  for  CnHnOsNiAs:  N,  13.73.    Found:  13.89. 

Sodium  Salt, — ^A  neutral  solution  of  the  crude  add  as  obtained  above 
in  a  small  voltune  of  dil.  soditun  hydroxide  solution  was  treated  with  an 
equal  volume  of  saturated  soditmi  acetate  solution.  On  standing  in  the 
refrigerator  the  salt  crystallized  as  a  thick  mass  of  colorless  microscopic 
needles.  These  were  filtered  o£F,  washed  with  85%  alcohol,  and  re- 
crystallized  by  dissolving  in  a  small  volume  of  warm  water  and  treating 
the  solution  with  an  equal  volume  of  alcohol.  The  filtered  product  was 
washed  with  50%  alcohol.  Starting  with  22  g.  of  arsanilic  add  the  yield 
was  24  g.    The  salt  contains  4  molecules  of  water  of  crystallization. 

Subs.,  air-dry,  0.5620:  Loss,  0.0822  in  vacuo  at  100®  over  HsS04. 
Calc.  for  CuHie06N4AsNa.4HiO:  HjO,  14.35.    Found:  14.63. 
Subs.,  anhydrous,  0.1311:  14.8  cc.  N  (20.5**,  756  mm.).    Subs.,  0.3050:  MgsAssO?, 
0.1087. 

Calc.  for  CuHifOtNiAsNa:  N,  13.02;  As,  17.42.    Found:  N,  13.07;  As,  17.20. 

N-(Phjtnyl  -  4  -  arsonic  Acid)  -  gljrcine  -4 '-methyl-  s'-uramino-anilidei 
p  .  H208AsC«H4NHCH,CONHCeH,(CH,)NHCONH2(/?',m'-).  —  Starting 
with  18.4  g.  of  2-methyl-5-chloroacetylamino-phenyl  urea,^  the  crude  add 
which  separated  during  the  heating  was  dissolved  in  dil.  sodium  hydroxide 
solution,  the  filtrate  diluted  to  about  500  cc.,  heated,  and  then  acidified 
with  acetic  acid.  The  new  arsonic  add  separated  as  aggregates  of  micro- 
scopic  platdets  and  hairs  which  rendered  filtration  difficult.  The  yield 
was  22  g.  The  substance  contains  approximately  V*  molecule  of  water  of 
crystalHzation.  When  rapidly  heated  the  anhydrous  add  decomposes 
at  257-8®  with  preliminary  darkening  and  sintering  and  is  practically 
insoluble  in  the  usual  solvents. 

Subs.,  air-dry,  0.5964:  Loss,  0.0103  in  vacuo  at  100*  over  HtS04. 
Calc.  for  Ci«Hi906N4As.o.5  HiO:  HiO,  2.09.    Found:  1.73. 
Subs.,     anhydrous,    0.1413:    16.3    cc.    N    (23.0®,    758  mm.).    Subs.,  0.3553: 
MgiAsjOy,  0.1305. 

Calc.  for  CieHiiOtNiAs:  N,  13.26;  As,  17.76.    Found:  N,  13.27;  As,  17.72. 
1  This  Journai,,  39,  1456  (19x7). 
»/Wd.,  39, 1464(1917). 
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Sodium  Salt, — ^A  suspension  of  the  add  in  a  Kttle  hot  water  was  dis- 
served by  adding  jttst  enough  sodium  hydroxide  dohition  and  treated  with 
alcohc^  until  just  turbid.  On  rubbing  and  letting  stand  the  salt  slowly 
separated  as  a  crystalline  powder.  A  similar  recrystaOization  was  neces- 
sary to  obtain  an  entirely  pure  product.  The  air-dried  salt  contained 
approximately  3.5  molecules  of  water  of  crystallization  and  was  readily 
soluble  in  water.  It  can  be  recrystaHized  from  hot  water  and  is  slowly 
salted  out  from  strong  solutions  by  sodium  acetate. 

Subs.«  air-diy,  0.7448:  Loss,  0.0S98  in  vacuo  at  100^  over  HsSOt. 

Calc  for  CHHifOtN4AsNa.3.5H|0:  HfO,  12.48.    Pound:  13.05. 

Sobs.,  anhydrous,  a  15 18:  16.4  cc.  N  (21.5%  768  mm.).    Subs.,  0.3272: 
MgsAstOr,  0.1 1 74. 

Calc.  for  CiJlitOtNiAsNa:  N,  12.61;  As,  16.88.    Found:  N,  12.66;  As,  17.31. 

iV-(Phe]iyl-4-arsonic  Acid)-glycine-3'-oxamylaminoanilinei  p-KtO^s- 
C6H4NHCH2CONHC6H4NHCOCONH»(w'-).— 5.2  g.  of  w-chloroacetyl- 
amino-oxanilamide^  were  boiled  6  hours  with  the  usual  reaction  mixture. 
The  preci|Htate  was  then  filtered  oS,  suspended  in  about  a  liter  of  water 
and  treated  with  a  slight  excess  of  ammonia.  The  insoluble  material  was 
adlected  by  adding  bcMieblack  and  the  filtrate  heated  nearly  to  boiling. 
The  addition  of  acetic  add  caused  the  gradual  deposition  pf  the  arsonic 
acid  as  dightly  purplish,  microcrystaUine  aggregates.  The  yield  was 
4.4  g.  The  acid  is  almost  insoluble  in  boiling  water  and  very  sparingly 
soluble  in  boiling  50%  alcohol.  When  rapidly  heated  it  gradually  darkens 
and  partly  decomposes,  but  does  not  melt  up  to  280*^. 

Subs.,  0.1514:  17.0  cc.  N  (23.0^,  757  mm.).    Subs.,  0.2985:  MgsAstO?,  0.1076. 
Calc.  for  CisHnOcNiAs:  N,  12.85;  As,  17.19-    Found:  N,  12.90;  As,  17.39- 

A^-(Phenyl-4-arsonic  Acid)-glycine-4'-oxamylamiiioanilide. — Owing  to 
the  insolubility  of  f -chloroacetylamino-oxanilamide^  the  heating  in  this 
case  was  continued  for  about  7  hours,  in  spite  of  which  the  reaction  was 
very  incomplete.  The  filtered  solid  was  susepnded  in  a  large  volume  of 
water  and  the  mixttu'e  treated  with  a  sUght  excess  of  ammonia.  After 
thorough  disintegration  of  the  insoluble  residue  the  mixttu'e  was  filtered 
and  the  solution  acidified  with  acetic  add,  causing  the  immediate  preci- 
pitation of  the  arsonic  add  as  arborescent  aggregates  of  microscopic 
needles.  The  yidd  from  4.8  g.  of  chloro  compound  was  only  i.i  g.  The 
substance  is  practically  insoluble  in  all  neutral  solvents  and  does  not  melt 
below  280®. 

Subs.,  0.1812:  20.0  cc  N  (20.5®,  755  mm.).    Sobs.,  0.2847:  MssAssO?*  0.1002. 
Calc  for  CitHi70tN4As:  N,  12.85;  As,  17.19*    Potmd:  N,  12.75;  As,  16.99. 

Ar-(nienyl-4-arsonic  Acid)j^ycyl-2-amino[dlienol|  (Ar-(Phenyl-4-arsoiuc 
Acid)  -glycine-2'-hydroiqranilide),  />-HsO,AsC«H4NHCH2CONHC«Hr 
OH(t7-). — The  halogen  in  the  chloroacetylamino-phenols  is  extremely  labile, 

1  This  JouRNAi,,  39,  1452  (191 7). 

*  Ihid.,  39,  1461  (1917). 
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• 

SO  that  these  substances  react  with  the  amino  group  so  readily  as  to  render 
unnecessary  the  addition  of  sodium  iodide  as  in  the  previoudy  described 
syntheses.  In  the  case  of  o-KMoroacetylamino-phenol  this  reactivity 
causes  a  compUcation,  since  in  the  presence  of  alkalies  or  the  sodium 
salts  of  weak  adds  it  readily  undergoes  artho  condensation  with  the  forma- 
tion of  ^amino-phenoxyacetic  anhydride.^  This  reaction  consequently 
paralleled  the  glycine  formation,  but  in  spite  of  this  the  desired  arsonic 
add  was  obtained,  although  in  rather  poor  3ddd. 

4.4  g.  of  arsaniUc  acid  were  dissolved  in  20  cc.  of  N  sodium  hydroxide 
solution  and  boiled  under  an  air-condenser  with  3.8  g.  of  (>-chloroacetyl- 
amino-phenoP  for  one  hour,  the  oil  which  first  formed  gradually  disap- 
pearing. On  cooling  the  reaction  product  separated  as  an  oil,  but  on 
addif)ang  to  congo  red  with  hydrochloric  add  and  scratching,  it  solidified 
almost  completely.  The  product  was  collected  and  digested  with  dil. 
ammonia,  leaving  1.5  g.  of  a  crystalline  residue,  which,  both  by  mdting 
point  (170-5*0  and  analysis,  was  shown  to  be  o-amino-phenoxy acetic 
anhydride.  On  warming  the  ammoniacal  filtrate  from  this  by-product 
and  addifying  slightly  with  hydrochloric  add,  1.7  g.  of  the  new  arsonic 
add  separated  on  cooling  as  lustrous  crystals.  When  rapidly  heated  the 
substance  melts  and  decomposes  at  190**  with  preliminary  darkening. 
It  is  soluble  in  cold  95%  alcohol  and  is  also  easily  soluble  in  boiling  water, 
from  which  it  separates  on  cooling  as  long,  narrow,  glistening  leaflets. 
An  alkaline  solution  couples  readily  with  diazotized  sulfanilic  add,  3rield- 
ing  an  orange  colored  solution. 

Subs.,  0.1496:  (Kjeldahl),  8.23  cc  o.i  N  HCl.    Subs.,  0.3221:  MgsAsiO?,  0.0958, 
Calc.  for  Ci4HiiO»NiAs:  N,  7.66;  As,  2048.    Pound:  N,  7.70;  As,  20.82. 

A  better  yield  of  the  arsonic  add  was  obtained  by  using  two  molecules 
of  arsanilic  add  instead  of  one  molecule  of  sodiiun  arsanilate.  In  this 
case  longer  boiling  was  necessary.  21  g.  of  ^-chloroacetylamino-phenol 
and  50  g.  of  arsanilic  add  (2  mols.)  in  220  cc.  of  water  were  boiled  under  a 
reflux  condenser  for  4  hours.  A  dear  solution  was  quickly  obtained  but 
this  gradually  darkened.  At  the  end  50  cc.  of  10%  hydrochloric  add 
were  added  and  on  cooling  and  scratching  the  arsonic  add  gradually 
crystallized.  After  purification  as  described  above  it  agreed  in  all  its 
properties  with  the  product  isolated  by  the  first  method.    The  yidd  was 

17  g. 

Subs.,  0.1545:  (Kjeldahl),  8.6  cc  o.i  i\r  HCl.    Subs.,  0.3010:  MgsAsiO?,  0.1254. 
Calc.  for  Ci4HuOtNsAs:  N,  7.66;  As,  2048.    Found:  N,  7.76;  As,  20.11. 

Ar-(Phenyl-4-arsonic  Acid)glycyl-3-amino[dlienol  (A^-(Phenyl-4-arsonic 
Acid)-glycine-m'-hydroxyanilide). — Owing  to  the  spedal  importance  of 
this  substance  as  the  starting  material  for  the  preparation  of  arseno- 

*  Aschan,  Ber.,  ao,  1524  (1887). 

*  Tms  JouRNAi«,  41,  458  (1919)- 


Digitized  by 


GooQle 


AROMATIC  AMIDES  OF  iV-ARYLGLYCINB  ARSONIC  ACIDS.  1 623 

phenylglydne-bis-m'-hydroxyanilide,  it  will  be  published  in  connection 
with  this  arseno  compotmd  in  another  place. 

iV-(Phen7i-4-ar8(mic  Acid)  -  glydne-2 '-methyl  -  5'  -  hydrozyaailide.  — 
When  a  solution  of  12.4  g.  of  arsanilic  acid  in  57  cc.  of  N  aqueous  sodium 
hydroxide  was  boiled  with  11.3  g.  of  4-methyl-5-chloroacetylamino-phenoP 
a  dear  solution  was  obtained  in  a  few  minutes  and  deposition  of  the  new 
arsonic  add  began  in  about  20  minutes.  Heating  was  continued  on  the 
water  bath  for  a  total  of  one  hour,  and  after  letting  cool,  the  mixture  was 
addified  to  congo  red  with  hydrochloric  add  and  filtered.  The  crude 
product  was  suspended  in  water,  made  just  alkaline  with  sodium  carbonate, 
and  treated  with  boneblack  after  neutralizing  with  acetic  add.  The 
filtrate,  heated  almost  to  the  boiling  point  and  treated  with  acetic  add, 
soon  deposited  the  arsonic  acid  as  glistening,  pink  platdets  and  micro- 
scopic prisms.  The  yidd  was  9.0  g.,  decomposing  at  about  220-5®,  with 
preliminary  darkening.  It  is  very  sparingly  soluble  in  boiling  water, 
alcohol,  methyl  alcohol,  or  acetic  add.  In  alkaline  solution  it  couples 
with  diazotized  sulfanilic  add  yielding  a  redder  color  than  do  similar 
compounds  in  which  the  position  para  to  the  hydroxy  group  is  unoccupied. 

Subs.,  0.1308:  (Kjeldahl),  7.0  cc.  o.i  N  HCl.    Subs.,  0.3134:  MgsAsjOT,  0.1267. 
Calc.  for  CitHirOiNsAs:  N,  7.37;  As,  1972.    Found:  N,  7.50;  As,  19.49. 

Ar-(Phenyl-4-arsonicAdd)-8^ycine-4'-metfayl-5'-hydrozyanilide. — ^The 
product  from  20  g.  of  2-methyl-5-chloroacetylamino-phenol^  was  worked 
up  as  in  the  case  of  the  preceding  compound,  but  as  the  analysis  showed 
it  to  be  impure  it  was  converted  into  the  sodium  salt.  The  salt  obtained 
by  the  addition  of  several  volumes  of  alcohol  to  the  neutral  solution  of  the 
add  in  sodium  hydroxide  solution  was  washed  with  85%  alcohol,  and  con- 
verted into  the  add  by  predpitating  from  hot  water  with  acetic  add. 
The  arsonic  acid  forms  prisms  and  branched  leaflets  which  are  very 
sparingly  soluble  in  the  usual  solvents.  The  yield  was  10.6  g.  When 
rapidly  heated  to  255°,  then  slowly,  the  substance  gradually  darkens  and 
softens,  mdting  at  258^  with  decomposition.  In  alkaline  solution  it 
couples  readily  with  diazotized  sulfanilic  acid. 

Subs:,' 0.1596:  (Kjeldahl),  12.1  cc.  o.i  iV  HCl.    Subs.,  0.3030:  MgtAstO?,  0.1228. 
Calc.  for  CiiHnOiNtAs:  N,  7.37;  As  1972.     Found:  N,  7.58;  As,  19.57. 

i\r-(Phenyl-4-arsonicAcid)glycyl-4'-aminophenol,(Ar-(Phenyl-4-arsonic 
Acid)-g)]rciiie*4'*hydrozyanilide). — After  about  15  minutes  the  mixture 
(from  33  g.  of  arsaniUc  acid  and  28  g.  of  /?-chloroacetylamino-phenoP) 
set  to  an  almost  solid  mass  of  lustrous  crystals  and  the  heating  was  con- 
tinued for  45  minutes  longer  on  the  water  batli.  The  somewhat  colored 
product  was  suspended  in  a  moderate  volume  of  hot  water  and  completely 
dissolved  by  the  addition  of  dil.  sodium  hydroxide  solution.    After  careful 

1  Tbib  Jovmnal,  4X1 459  (1919)- 
« Ibid.,  39, 1442  (1917). 
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neutralization  with  acetic  add  the  hot  solution  was  decolorized  with  Ixme- 
black  and  the  clear,  hot  filtrate  acidified  with  acetic  add,  yielding  the 
pure  arsonic  add  as  faintly  |rink,  glistening  platelets  in  a  yidd  of  35  g. 
When  rapidly  heated  the  arsonic  add  darkens  and  mdts  to  a  black  tar 
at  255-60^.  It  is  almost  insoluble  in  boiling  water,  50%  akohol,  50% 
acetic  acid,  or  methyl  alcohol. 

Subs.,  0.2673:  (Kjeldahl),  14.25  cc.  0.1  N  HCL 
Calc  for  CuHuOiNiAs:  N,  7.66.    Potuid:  7-47* 

Sodium  ScUt. — ^This  was  readily  obtained  from  a  neutral  solution  of  the 
add  in  dil.  sodium  hydroxide  on  treatment  with  saturated  sodium  acetate 
solution.  Recrystallized  from  hot  water,  the  salt  formed  lustrous  plate- 
lets idiich  contained  4.5  molecules  of  water  of  cry^:allizatioa.  It  is 
fairy  easily  soluble  in  cold  water. 

Subs.,  air-dry,  0.5730:  Loss,  0.0967  in  vacuo  at  100"  over  HtS04. 

Calc.  for  Ci4Hi40iNiAsNa.4.5HjO:  HjO,  17.26.    Found:  16,87. 

Subs.,  anhydrous,  0.3096:  (Kjeldahl),  16.25  cc  o.i  N  HCl;  MgsAsiO?,  0.1245. 

Calc.  for  CuHuOtNsAsNa:  N,  7.22;  As,  19.30.    Found:  N,  7.36;  As,  1941. 

iV-(Phenyl-4-arsonic  Add)-gly€ine-/>'-aniridide»  />-Hs03AsC6H4NHCHs- 
C0NHC«H40CHs(^-)— This  substance  was  readily  obtamed  by  the  usual 
method  from  chloroacetyl-p-anisidine  in  the  presence  of  sodium  iodide. 
The  arsonic  acid  is  predpitated  by  acetic  add  irom  its  hot  solution  in 
dil.  sodium  hydroxide  as  lustrous  leaflets  which  darken  and  soften  above 
230^  when  rapidly  heated.  It  is  practically  insoluble  in  boiling  water  or 
boiling  50%  alcohol,  and  gives  a  flesh-colored  solution  in  ccmc  sulfuric 
add. 

Subs.,  0.1575:  10.2  cc.  N  (23.5",  759  mm.).    Subs.,  0.3422:  Ms^AsiOt,  0.136S. 
Calc.  for  CicHiTOtNiAs:  N,  7.37;  As,  19.71.    Found:  N,  745;  As,  19.29. 

A/'*(Pbenyl-4-ardonic  Acid)|^7C7l-i-am]]io-2-na[dlitliol|  ^-HsOtAsC«H4- 
NHCH2CONHCioH60H(i,2-).— The  ease  with  which  i^Alorc^cetyl- 
amino-2-naphthoH  reacts  in  the  presence  of  alkali,  alkali  carbonates  <xc 
salts  of  weak  acids  to  form  the  anhydride  of  i-amino-2-naphthoxyacetic 
add  interfered  greatly  with  the  preparation  of  the  above  arsonic  add, 
a  fact  which  recalls  the  experience  with  e^-chloroaoetylaminb-phenol. 
Of  all  the  methods  tested,  the  best  results  were  given  by  the  following 
procedure: 

22  g.  of  arsanilic  add  in  100  cc.  of  N  sodium  hydroxide  solution,  20  g. 
of  sodium  iodide,  24  g.  of  chloroacetylamino-phenol  and  100  cc.  of  akohol 
were  boiled  for  one  hour,  a  large  prop(»ti(m  of  the  chk>roacetyl  compound 
changing  to  the  sparingly  soluble  anhydride.  After  dilution  with  water, 
the  mixture  was  made  ammoniacal  and  the  insoluble  anhydride  (m.  p*  215  °) 
filtered  off.  The  filtrate  was  addified  strongly  with  acetic  add  and  on 
standing  in  the  refrigerator  the  arsonic  add  gradually  separated,  contami- 
>  Tms  Journal,  41, 460  (1919)- 


Digitized  by 


GooQle 


AROMATIC  AMIDES  OF  N-ARYLGLYCINE  ARSONIC  ACIDS.  1625 

nated  with  unchanged  arsanilic  add.  The  deposited  substance  was  redis- 
solved  in  dil.  ammonia,  treated  with  boneblack,  and  the  hot  filtrate  acidi- 
fied with  hydrochloric  add,  the  new  compotmd  separating  at  once  as  a  heavy- 
powder  consisting  of  aggregates  of  microscopic  plates  and  prisms  which 
contained  two  molecules  of  water  of  crystallization.  The  yidd  was  6.5  g. 
The  anhydrous  substance  decomposes  at  189-91  ®  with  preliminary  darken- 
ing and  softening.  Although  very  difficultly  soluble  in  the  cold  it  dis- 
solves appredably  in  boiling  alcohol  or  acetic  acid.  It  is  more  easily 
soluble  in  methyl  alcohol  and  almost  insoluble  in  water. 

Subs.,  air-dry,  0.5668:  Loss,  0.0453  in  vacuo  at  100*  over  HtSOi. 

Calc.  for  CisHi70»NjAs.2HiO:  HiO.  7.96.    Found:  7.99. 

Subs.,  anhydrous,  0.1970:  (Kjeldahl),  9.55  cc.  o.i  N  HCl.  Subs.,  0.3666: 
MgsAssOr,  0.1386. 

Calc  for  CitHirOtNsAs:  N,  6.73;  As,  18.02.    Found:  N,  6.79;  As,  18.24. 

(Ar-(Phenyl  -  4  -  arsenic  Add)glycine  -  4 ',1 '  -  hydroxynaphthalide) ,  AT- 
(Phenyl-4-arsonic  Acid)glycyl-4-amino-i-na[dlitfaol. — ^4.4  g.  of  arsanilic 
add  were  treated  in  the  usual  manner  with  4.8  g.  of  4-chloroacetylamino- 
i-naphthoP  in  50%  alcohol  in  the  presence  of  sodiiun  iodide  for  4  hours. 
The  deeply  colored  solution  yidded  the  new  arsonic  add  on  scratching 
and  dilution  with  water.  After  filtration  and  washing  with  acetone  in 
order  to  remove  most  of  the  color,  the  crude  residue  was  dissolved  in  hot 
20%  sodium  acetate  soluticm  and  then  treated  with  an  equal  voliune  of 
saturated  sodium  acetate  solution.  On  cooling  the  soditun  salt  separated 
as  glistening  plates,  and  was  recrystallized  from  a  small  voltmie  of  water. 
The  yidd  was  4  g.,  containing  5.5  mcdecules  of  water  of  crystallizaticm. 

Subs.,  air-dry,  0.9469:  Ix>8s,  0.1704  in  vacuo  at  100^  over  HsSOi. 

Calc.  for  CnHjtOtNtAsNa.5.5HfO:  HjO,  18.43.    Pound:  HiO,  17.99. 

Subs.,  anhydrous,  0.2997:  (Kjeldahl),  13.65  cc.  o.i  N  HCl;  MgtAssOr*  o.io6a 

Calc.  for  CisHieOtNsAsNa:  N,  6.39;  As,  17.11.    Foimd:  N,  6.38;  As,  17.07. 

On  treating  a  hot,  dilute  solution  of  the  sodium  salt  with  acetic  add,  the 
free  acid  separates  slowly  as  microscopic  aystals  which  contain  approxi- 
matdy  1.5  molecules  of  water  of  crystallization.  The  ^anhydrous  sub- 
stance darkens  above  200®  and  decomposes  at  240-2°.  It  is  practically 
insoluble  in  boiling  water  and  but  sparingly  so  in  50  or  95%  alcohol.  It 
is  readily  soluble  in  hot  methyl  alcohol. 

Subs.,  air-dry,  0.601 1 :  Loss,  0.0405  in  vacuo  at  100^  over  HtS04* 
Calc  for  Ci8Hi70tNtAs.i.5HiO:  HjO,  6.10.    Found:  6.74. 
Subs.,  anhydrous,  0.1452:  8.7  cc.  N  (27.5**,  760  mm.). 
Calc.  for  CuHitOsNiAs:  N,  6.73.    Found:  6.81. 

Ar-(Phenyl-4-arsonic  Acid)glycyl-3-amino-4,6-dichlorophenol. — In  the 
reaction  between  2,4-dichloro-5-chloroacetylamino-phenol*  and  sodium 
arsanilate  by  the  usual  soditun  iodide-50%  alcohol  method  a  dear  solution 

*  Tras  JouRNAi*,  41, 460  (1919). 

» Ibid.,  41,  461  (1919). 
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quickly  fonned  from  which  the  reaction  product  suddenly  separated. 
The  solid  was  suspended  in  a  large  volume  of  water  to  prevent  separation 
of  the  somewhat  difficultiy  soluble  sodium  salt  and  dil.  sodium  hydroxide 
solution  added  until  all  but  an  amorphous  substance  had  dissolved.  This 
was  collected  with  boneblack  and  the  filtrate  heated  and  acidified  with 
acetic  add.  A  repetition  of  this  process  removed  a  further  small  quantity 
of  amorphous  material,  26  g.  of  the  original  dbloroacetyl  compound  yield- 
ing 21  g.  of  the  ptu-e  product.  The  new  arsonic  add  forms  flat,  colorless 
microscopic  needles  which  begin  to  darken  above  220^  but  melt  and  de- 
compose at  about  280^.  It  is  practically  insoluble  in  boiling  water  or 
50%  alcohol. 

Subs.,  0.2538:  (Kjeldahl),  12.02  cc.  o.i  NHCl.    Subs.,  0.2274:  MgiAssO?,  0.0809. 
Calc.  for  Ci4HuO»NsCliAs:  N,  644;  As,  17.23.    Pound:  N,  6.64;  As,  17.16. 

iV-(Phenyl-4-arsonic  Add)glycyl-3-amino-6-bromophenoL — 16.5  g.  of 
arsanilic  add  and  20  g.  of  2-bromo-5-chloroacetylamino-phenoU  yielded 
smoothly  23  g.  of  recrystallized  reaction  product  by  the  sodium  iodide- 
50%  alcohol  method.  Acetic  add  predpitates  the  arsonic  add  from  hot 
solutions  of  its  salts  as  glistening  leaflets  which  decompose  at  255°  with 
preliminary  sintering.  It  is  very  sparingly  soluble  in  boiling  water, 
50%  alcohol,  or  methyl  alcohol. 

Subs.,  0.1421:  7.6  oc  N  (21.5^  763  mm.). 

Calc  for  CiiHi^iNsBrAs:  N,  6.29.    Found:  6.23. 

A^-(Phen]^-4-arsonic  Add)gfycyl-4-amino-pyrocatechol,  (iV-(Phenyl- 
4-ar8onic  Add)glycine-3'y4'-dihydrozyanilide). — ^A  solution  of  33  g.  of 
arsanilic  add  in  150  cc.  of  AT  sodium  hydroxide  solution  was  boiled  for  one 
hoiu*  with  31  g.  of  4-chloroacetylamino-p5rrocatechol,*  the  reaction  product 
partiy  separating  from  the  deeply  colored  solution.  After  cooling  the 
very  dark  crystalline  mass  was  filtered  off,  dissolved  in  dil.  sodium  hy- 
droxide solution  and  carefully  neutralized  with  acetic  add.  After  treating 
the  almost  black  solution  with  boneblack  and  addifying  the  still  deeply 
colored  filtrate  with  acetic  add,  the  arsonic  add  slowly  separated  as 
colored,  microscopic  leaflets.  A  repetition  of  the  purification  process 
removed  most  of  the  color,  the  product  as  finally  obtained  forming  f aintiy 
pink,  glistening  leaflets.  The  yidd  was  only  15  g.,  considerable  loss  hav- 
ing occurred  during  pimfication.  When  rapidly  heated  the  substance 
blackens  above  200°  and  decomposes  at  about  260-5°.  ^^  dissolves  with 
difficulty  in  boiling  water,  separating  on  cooling  as  long,  narrow,  lustrous 
plates^  It  is  very  sparingly  soluble  in  hot  alcohol  or  methyl  alcohol, 
more  readily  in  hot  50%  alcohol.  A  solution  of  the  add  in  an  excess  of 
dil.  sodium  hydroxide  solution  rapidly  tiuns  deep  orange  in  color,  while 

*  Tras  JouRNAi*,  41,  464  (1919). 

*  Ibid.,  41,  468  (1919)* 
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ferric  chloride  added  to  an  aqueous  solution  of  the  add  causes  a  bluish 
purple  coloration. 

Subs.,  0.1653!  (Kjeldahl),  8.67  cc.  0.1  N  HCl.    Subs.,  0.3105:  MgsAstOr,  0.1274. 
Calc  for  CnHuOeNsAs:  N,  7.33;  As,  19.61.    Found:  N,  7.34;  As,  19.80. 

iV-(Phenyl-4-arsonic  Acid)glycyl-antiiranilic  Acid^  />-H20sAsC6H4- 
NHCH2CONHC6H4CO2H  ((?-).— Owing  to  the  great  reactivity  of  the 
chlorine  atom  in  chloroacetyl-anthranilic  add  the  reaction  between  this 
compound  and  soditmi  arsanilic  did  not  go  entirdy  in  the  desired  sense, 
so  that  the  yield  of  the  complex  arsonic  add  was  unusually  poor.  The 
most  satisfactory  results  were  obtained  by  the  use  of  the  ester  of  chloro- 
acetyl-anthranilic add  and  subsequent  saponification  of  the  resulting 
ester  arsonic  add. 

30  g.  of  iV-(phenyl-4-arsonic  add)glycyl-anthranilic  ethyl  ester  (see  bdow) 
were  dissolved  in  a  definite  excess  of  io%  sodium  hydroxide  solution  and 
allowed  to  stand  at  room  temperatiu-e  for  several  hours.  Heating  the  solu- 
tion was  found  not  only  to  saponify  the  ester  group  but  also  to  deave.  the 
amide  linking  with  consequent  formation  of  anthranilic  add.  Addification 
caused  the  separation  of  a  gum  which  rapidly  aystaUized  and  was  re- 
dissolved  in  hot  dil.  sodium  acetate  solution  and  treated  hot  with  an 
excess  of  hydrochloric  add.  The  arsonic  add  separated  at  once  as 
characteristic  octahedra.  The  yidd  was  25  g.  On  rapid  heating  it  decom- 
poses at  230-5  ^  with  preliminary  softening  and  darkening  and  is  practically 
insoluble  in  boiling  water,  but  appreciably  in  boiling  methyl  or  ethyl 
alcohol  or  50%  alcohol. 

Subs.,  0.3056:  (Kjeldahl),  15.4  cc.  o.i  N  HCl;  MgsAstO?,  0.1195. 

Cak.  for  CuHuOeNiAs:  N,  7.1 1;  As,  19.02.    Found:  N,  7.06;  As,  18.88. 

A^-(Phenyl-4-arsonic  Acid)glycyl-anthranilic  Ethyl  Ester,  p-HsOsAsC*- 
H4NHCH2CONHC«H4COsC2H5(o-).— 25  g.  of  chloroacetyl-anthranilic  ethyl 
ester,  ^  in  the  presence  of  sodium  iodide  yidded  31  g.  of  crude  product. 
Recrystallized  from  50%  alcohol  the  ester  separates  as  rosets  of  delicate 
needles  which  do  not  decompose  bdow  280°.  It  is  difficultly  soluble  in 
cold  methyl  alcohol,  more  readily  on  heating,  and  also  dissolves  in  hot 
50%  or  95%  alcohol. 

Subs.,  0.1485:  8.9  cc  N  (25.5®,  735  mm.). 
Cak.  for  CnHivOsNsAs:  N,  6.64.    Pound:  6.8x. 

N  -  (Phenyl  -  4  -  arsonic  Acid)  -  gjycyl  -  iV  -  methylanthranilic  Acid, 
p-H20,AsC6H4NHCH2CON(CH8)C6H4C02H((7-).— Although  the  reaction 
between  sodium  arsanilate  and  chloroacetyl-methylanthranilic  add*  ap- 
parently proceeded  partly  in  the  desired  sense,  it  was  difficult  to  isolate 
a  piu^  product.  As  in  the  case  of  the  anthranilic  add  compound  the  sub- 
stance was  fotmd  to  be  more  easily  prepared  pv^  th^  ester.    For  this 

»  Tras  JouRNAi^,  41, 469  (1919). 

*  Jbid.,  41, 47b  (1919). 
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purpose  25  g.  of  arsanilic  add  dissolved  in  1 15  cc.  of  A/^  sodium  hydroxide 
solution,  29  g.  of  chloroacetyl-methylanthranilic  ethyl  ester/  22  g.  of 
sodium  iodide,  and  1 15  cc.  of  alcohol  were  boiled  under  a  reflux  condenser 
for  4  hours.  As  attempts  to  obtain  a  crystalline  reaction  product  failed 
the  ester  was  not  isolated.  Instead  the  alcohol  was  allowed  to  boil  off 
and  the  residue  diluted  with  water.  After  the  oil  which  was  formed  had 
settled,  the  aqueous  layer  was  decanted  and  the  oil  again  shaken  with  a 
small  voltune  of  water  which  was  then  also  decanted.  The  crude  ester 
so  obtained  was  dissolved  in  150  cc.  of  jo%  sodium  hydroxide  scdution, 
filtered,  and  allowed  to  stand  4  hoiu^  at  room  temperature.  The  alkaline 
solution  was  then  acidified  to  congo  red  with  hydrochloric  add,  causing 
the  separation  of  the  add  as  a  gtun  which  gradually  solidified.  This  was 
purified  by  again  dissolving  in  dil.  alkali  and  addifying  with  hydrodiloric 
add  tmtil  faintly  add  to  congo  red.  The  resulting  doudy  solution 
gradually  deposited  the  add  as  microscopic  aggregates  of  needles  or  short, 
flat  plates.  The  yidd  was  16  g.  When  rapidly  heated  the  add  darkens 
and  decomposes  at  230''.  It  is  very  difficultly  soluble  in  boiling  water 
or  boiling  methyl  alcohcd,  but  fairly  readily  so  in  hot  50%  alcohol,  from 
which  it  can  be  recry^talUzed. 

Subs.,  0.3213:  (Kjeldahl),  15.7  cc.  o.i  N  HCl.    Subs.,  0.3256:  MgsAssOr,  0.1245. 

Calc  for  CuHiTOeNiAs:  N,  6.86;  As,  18.36.    Found:  N,  6.85;  As,  18.46. 

iV-(Phen]^-4-ar8onic  Add){^yc7l-2-amino-benzamidei  p-K^iAsCJ^A- 
NHCHxCONHC6H4CONHi((7-)— After  boiling  equivalent  amounts  of 
sodium  arsanilate,  (7-chloroacetylamino-benzamide,*  and  soditmi  iodide 
for  two  hotu^  in  50%  alcohol  a  dear  solution  resulted.  Crystallization 
of  the  reaction  product  was  started  by  rubbing  with  a  rod  and  the  crude 
product  pimfied  by  dissolving  in  dil.  sodium  hydroxide  and  adding  acetic 
add.  In  this  way  it  crystallizes  slowly  as  faintly  yellow,  radiating  masses 
of  ddicate  microscopic  needles  which  contain  one  molecule  of  water  of 
aystallization.  When  rapidly  heated  to  165**  and  then  slowly  it  sinters 
and  slowly  mdts  down  at  170**.  It  is  sparingly  soluble  in  cold  water, 
alcohol  or  50%  alcohol,  but  readily  soluble  on  warming.  It  is  appreciably 
soluble  in  methyl  alcohol  in  the  cold. 

Subs.,  air-dry,  0.8645 :  Loss,  0.0384  in  vacuo  at  100**  cfvtr  HtS04. 
Calc.  for  CuHi^OiNtAs.HjO:  H,0,  4.38.    Pound:  4.44. 
Subs.,  anhydrous,  0.1828:  (Kj^ahl),  14.05  cc.  o.i  N  HCl. 
Calc.  for  CuHiiO»NtAs:  N,  10.69.     Found:  10.76. 

Sodium  Soli. — ^The  neutral  solution  of  the  add  in  a  small  volume  of 
dil.  sodium  hydroxide,  was  treated  with  several  voltmies  of  alcohol. 
On  standing  in  the  refrigerator  the  salt  gradually  oystallized.  On  re- 
oystallization  from  85%  alcohol  it  formed  globules  of   minute  crys- 

1  This  Journai,,  41,  470  (1918). 

«/6Mi.,  39,1442  (191 7). 
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tals  ^liiich,  like  the  add,  had  a  slightly  yellow  color.  It  contains  4.5 
moiectiles  of  water  of  oystallization  and  dissolves  readily  in  water. 

Sabs.,  air-dry,  0.5076:  Loss,  0.0808  in  vacuo  at  100^  o^«r  H1SO4. 

Calc  for  CuHuQiNaAsNa.4.5HsO:  HsO,  16.33.    Found:  15.92. 

Subs.,  anhydrous,  0.3235:  (Kjeldahl),  23.65  oc.  o.i  N  HCl.  Subs.,  0.3825: 
MgsAssO?,  0.1441. 

Calc  for  CuHuOsNiAsNa:  N,  10.13;  As,  18.06.    Found:  N,  10.24;  As,  18.18. 

Ar-(Phenyl-4-arsonic  Acid)g^ycyl-3-ainino-benzainide.  —  As  in  the 
previous  case  w-chloroacetylamino-benzamide*  yielded  after  several  hours* 
boiling  a  supersatiu-ated  solution  of  the  reaction  product  which  crystallized 
only  on  chilling  and  rubbing.  On  treating  a  solution  of  the  crude  product 
in  dil.  sodium  hydroxide  with  acetic  add  the  pure  arsonic  add  separated 
as  irregular,  nncroscopic  platelets.  Recrystallized  from  hot  50%  alcohol, 
in  which  it  is  rather  sparingly  soluble,  it  separates  as  resets  of  microscopic 
spears  which  contain  between  2  and  2.5  molecules  of  water  of  crystalliza- 
tion. The  add  is  practically  insoluble  in  boiling  water,  and  when  rapidly 
heated,  darkens  and  shows  signs  of  decomposition  above  200^  but  does  not 
decompose  completdy  until  280®  is  reached. 

Subs.,  air-dry,  0.9688:  Loss,  0.0891  in  vacuo  at  100^  over  PsOi. 
Calc  for  Ci^ifO|NtAs.2H|0:  HsO,  8.39;  2.5  HsO,  ia27.    Found:  920. 
Subs.,  anhydrous,  0.2713:  (Kjeldahl),  20.5  cc.  o.i  N  HCl;  MgtAssO?*  0.1075. 
Calc.  for  CitHiiOiNtAs:  N,  10.69;  As,  19.07.    Found:  N,  10.59;  As,  19.13. 

iV-(Phenyl-4-arsonic  Add)-{^ycyl-3-aminobenzoyl-urea|  p-Il^tAsCtlU' 
NHCH,CONHC6H4CONHCOlSrHi(w-).— In  this  case  the  sparingly  soluble 
w-chloroacetyl-aminobenzoyl-urea,*  was  gradually  replaced  by  the  new 
arsonic  add.  After  4  hours*  heating  the  resulting  product  was  collected, 
suspended  in  water,  and  treated  with  dil.  soditmi  carbonate  solution 
until  the  solution  remained  slightly  alkaline  on  thorough  mixing  and  the 
arsonic  add  was  completdy  extracted  from  an  insoluble  residue.  This 
was  collected  in  the  cold  with  bonebladc  and  the  dear  filtrate  treated 
with  sodium  acetate  until  the  sodium  salt  separated.  After  standing 
in  the  refrigerator  the  salt  was  filtered  off  and  washed  with  20%  soditmi 
acetate  solution,  then  with  85%  alcohol.  For  purification  it  was  dissolved 
in  a  small  volume  of  water  and  treated  with  two  volumes  of  alcohol. 
On  scratdiing  the  sodium  salt  separated  as  thidc,  colorless  masses  of  delicate 
microscopic  hairs  which  contained  8  molecules  of  water  of  crystallization. 

Subs.,  air-dry,  0.5560:  Loss,  0.1323  in  vacuo  at  100®  over  H1SO4. 
Qalq,  for  CMHMOiN«AsNa.8HiO:  H|0,  23.93.    Found:  23.80. 
Subs.,  anhydrous,   0.1335:    14.45    cc.    N    (26.0%    756    mm.).    Subs.,    0.2892: 
MgiAsfOr,  0.0970. 

Oak.  for  dtHitOoNiAsNa:  N,  12.23;  As,  16.36.    Found:  N,  12.39;  As,  16.19. 

On  addition  of  acetic  add  to  the  hot  dilute  solution  of  the  salt  the  free 

^  Tms  Journal,  39»  1442  (1917)* 
« Ibid^  39,  2430  (1917). 
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arsonic  acid  separates  as  sheaves  and  plumes  of  microscopic  needles 
which  decompose  at  about  280^  with  preliminary  darkening  and  sintering. 
It  is  practically  insoluble  in  boiling  water  or  50%  alcohol. 

Subs.,  0.1663:  (Kjeldahl),  15.25  cc.  o.i  NUd, 
Calc.  for  CieHirOeNiAs:  N,  12.84.     Found:  12.84. 

iV-(Phenyl-4-arsonic  Acid)glycyl-4-amino-benzamide. — ^The  reaction  in 
the  case  of  f>-cbloroacetylamino-benzamide^  occurred  quickly  as  evidenced 
by  the  rapid  disappearance  of  the  sparingly  soluble  chloroacetyl  compound, 
followed  soon  after  by  the  sudden  precipitation  of  the  new  arsonic  add. 
This  was  suspended  in  water  and  dissolved  by  the  careful  addition  of  dil. 
sodium  hydroxide  solution.  After  neutralization  to. litmus  with  acetic 
add  the  solution  was  heated,  filtered,  and  the  filtrate  treated  with  sodium 
acetate  until  the  sodium  salt  began  to  separate.  This  was  recrystallized 
from  hot  water,  in  which  it  is  easily  soluble,  separating  on  cooling  as 
rosets  of  thin,  microscopic  needles  which  contain  4.5  molecules  of  water 
of  crystallization. 

Subs.,  air-dry,  0.3410:  Loss,  0.0564  in  vacuo  at  100*  over  PtOi. 

Calc.  for  Ci4HuO»NtAsNa.4.5H,0:  HiO,  16.33.    Found:  16.54. 

Subs.,  anhydrous,  0.3187:  (Kjeldahl),  22.5  cc.  o.i  N  HCl;  MgiAssOr.  0.1210. 

Calc.  for  CiiHuOftNiAsNa:  N,  10.13;  As,  18.06.    Found:  N,  9.89;  As,  18.33. 

A  hot,  dilute  solution  of  the  salt,  treated  with  acetic  add,  immediately 
deposited  the  insoluble  arsonic  acid  as  nodides  of  microscopic  needles 
which  do  not  mdt  bdow  280**. 

Subs.,  0.1034:  9.7  cc  N  (22.0**,  757  mm.). 

Calc.  for  CwHwOftNiAs:  N,  10.69.    Found:  N,  10.81. 

iV-(Phenyl-4-arsonic  Add)glycyl-5-aniino-sa]icylamide,  p-HaO»AsCeH4- 
NHCH,CONHC6H3(OH)CONH,(:?,w-).— 42  g.  of  5-chloroacetylamino- 
salicylamide,^  by  the  sodium  iodide  method,  after  2  hours  boiling  and 
piu-ification  of  the  crude  product  in  the  usual  way,  yidded  45  g. 
of  the  pure  arsonic  add  as  glistening  scales  which  contained  one  molecule 
of  water  of  crystallization.  When  rapidly  heated  the  anhydrous  sub- 
stance softens  above  190°  and  gradually  decomposes  tmtil  fluid  at  about 
255°.  It  is  very  sparingly  soluble  in  boiling  water  or  50%  alcohol,  such 
solutions  giving  a  brownish  purple  color  with  ferric  chloride.  In  alkaline 
solution  it  couples  with  diazotized  sulfanilic  add. 

Subs.,  air-dry,  0.7932:  Loss,  0.0356  in  vacuo  at  100®  over  H»S04. 

Calc.  for  CwHi606N»As.HsO:  HaO,  4.40.    Found:  H2O,  4.49. 

Subs.,  anhydrous,  0.3148    (Kjeldahl),  22.5  cc.  0.1  N  HCl;  MgaAstOif  0.1 179. 

Calc.  for  CnHwOcNiAs:  N,  10.27;  As,  18.32.     Pound:  N,  10.01;  As,  18.08. 

N  -  (Phenyl  -  4  -  arsonic     Add)-8^yl  -  3  -  amino  -  phenylacetamide, 
^-H20sAsC6H4NHCH,CONHC«H4CHaCONH2(w-).— 4.6  g.   of  w-diloco- 
»  This  Journai.,  39,  1443  (1917), 
*  Ibid.,  39,  2420  (i9i7)« 
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acetylaxnino-phenylacetamide,^  using  soditun  iodide,  gave  a  clear  solution 
from  which  the  crude  product  separated  on  dilution  and  rubbing.  The 
substance  was  redissolved  in  dil.  ammonia  and  treated  with  acetic  add, 
the  piu-e  arsonic  add  separating  as  masses  of  microscopic  needles  which 
darken  slightly  above  220^  and  decompose  at  275-80°.  It  is  soluble  in 
boiling  water  and  50%  alcohol.    The  yidd  was  5.2  g. 

Subs.,  0.1427    12.8  cc.  N  (22.0*,  764  mm.).     Subs.,  0.3065    MgsAsiO?,  0.1166. 
Calc.  for  CwHisOsNjA  ■ :  N,  10.32;  As,  18.41.     Pound:  N,  10.44;  As,  18.35. 

N  -  (Phenyl  -  4  -  arsonic  Acid)g^ycyl  -  4  -  amino  -  phenylacetic  Add, 

p-H,OaAsCeH4NHCH,CONHC6H4CH2C02H(/?-).— 15-4  g.  of  arsanilic  add 
were  dissolved  in  70  cc.  of  N  sodiiun  hydroxide  solution  and  boiled  for  one 
hour  with  16  g.  of  ^-chloroacetylamino-phenylacetic  add.*  The  oil 
which  separated  on  cooling  soon  crystallized  and  was  tritiu-ated  with 
70  cc.  of  N  hydrochloric  add  solution,  filtered  off,  washed  with  water, 
and  dried.  The  yield  of  crude  product,  24  g.  was  dissolved  in  dil.  sodium 
hydroxide  solution,  made  faintly  add  with  acetic  add,  treated  with  bone- 
Wack,  and  the  filtrate  diluted  to  about  500  cc,  wanned  on  the  water  bath, 
and  treated  with  hydrochloric  acid  until  just  add  to  congo  red.  The 
arsonic  add  which  separated  was  recrystallized  from  85%  alcohol,  sepa- 
rating slowly  as  practically  colorless,  microscopic  globules.  The  dried 
add  gradually  darkens  on  heating,  finally  mdting  and  decomposing  on 
keeping  the  bath  at  280°  for  a  few  moments.  The  anhydrous  substance 
is  pale  yellow,  losing  its  color  without  dissolving  when  boiled  with  water. 
It  is  quite  soluble  in  boiling  85%  alcohol  or  methyl  alcohol  and  dissolves 
only  sparingly  in  boiling  acetic  add. 

Subs.,  0.2077:  (Kjeldahl),  10.25  cc.  o.i  N  HCl.    Subs.,  0.2747:  MgiAssOj^  0.1038. 

Calc.  for  CieHnOeNiAs:  N,  6.87;  As,  18.36.    Found:  N,  6.91;  As,  18.24. 

iV-(Phenyl-4-arsonic  Acid)gJycyl-4-amino-phenylacetamide.  —  (From 
f-chloroacetylamino-phenylacetamide*  by  the  50%  alcohol  and  sodiiun 
iodide  method).  The  crude  add  was  repredpitated  from  its  solution 
in  hot  dil.  ammonia  by  acetic  add,  separating  as  plumes  of  microscopic 
hairs.  The  arsonic  add  is  only  sparingly  soluble  in  boiling  water  or 
50%  alcohol  and  does  not  mdt  bdow  280''.  Because  of  the  aliphatic 
amide  linking  it  is  very  sensitive  to  fixed  alkali. 

Subs.,  0.1305:  1 1.6  cc.  N  (24.0*,  771  mm.).     Subs.,  0.3092:  MgiAsi07,  0.1192. 

Calc.  for  CieHisOfcNsAs:  N,  10.32;  As,  18.41.     Found:  N,  10.3  ;  As,  18.58. 

Sodium  Salt.— The  acid  was  suspended  in  a  small  volume  of  water  and 
very  cautiously  treated  with  dil.  sodium  hydroxide  solution  until  just 
dissolved.  The  solution  was  then  carefully  neutralized  to  litmus  wilii 
acetic  add  and  alcohol  added  until   crystallization  began.    The  salt 

»  Tms  JouRNAi*,  39,  2421  (1917). 

-  Ibid,,  41,  469  (1919)- 

»/Wrf..  39,!i444(i9X7). 
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separated  as  glistening  platelets  which,  after  air-drying,  contaiaed  9.5 
molecules  of  water  of  crystallization  and  dissolve  readily  in  water. 

Subs.,  air-dry,  0.3945:  Loss,  0.0371  in  vacuo  at  100^  over  HtS04. 

Calc  for  Ci4Ii706NtAsNa.2.5H|0:  HsO,  9.49-    Pound:  940. 

Subs.,  anhydrous,  0.1489:  12.8  cc.  N  (22.0**,  756  mm.).  Subs.,  0.2625- 
MgsAstOr,  0.0936. 

Calc.  for  CieHirOiNsAsNa:  N,  9.79;  As,  17.47.    Found:  N,  9.91;  As,  17.21. 

N  -  (Phenyl  -  4  -  arsenic  Add)  -  glycyl  -  4  -  amino  -  phenylacetureide, 
p  -  H20^/^sCeH4NHCH2CONHC6H4CH2CONHCONH,(f-).  —  The  very 
sparingly  soluble  ^-chloroacetylamino-phenylacetylurea,*  was  very  slowly 
and  incompletely  replaced  by  the  reaction  product.  After  5  hours'  boiling 
the  somewhat  gelatinous  mass  was  diluted  with  water  and  filtered,  and 
in  order  to  extract  the  desired  arsonic  add  completely  the  residue  was 
placed  in  a  bottle  with  several  hundred  cc.  of  water  containing  a  slight 
excess  of  ammonia  and  the  mixture  shaken  in  a  machine  tmtil  thoroughly 
disintegrated.  Boneblack  was  then  added  and  the  mixture  again  shaken 
in  order  to  collect  the  insoluble,  gdatinous  material.  The  filtrate  was 
heated  and  addified  with  acetic  add,  causing  the  separation  of  the  aystal- 
line  arsonic  add.  This  was  converted  into  the  sodium  salt  by  suspending 
in  a  small  volume  of  warm  water  and  very  cautiously  treating  with  dil. 
sodium  hydroxide  until  solution  was  just  complete  and  the  reaction  was 
only  faintly  alkaline  to  litmus.  The  filtered  solution  was  warmed  and 
treated  with  alcohol  until  turbid,  the  salt  separating  on  cooling  as  micro- 
scopic, hexagonal  plates  which  contained  3  molecules  of  water  of  crystal- 
lization.   The  yidd  was  4.7  g. 

Subs.,  air-dry,  0.451 1 :  Loss,  0.0483  in  vacuo  at  100®  over  HsSOf. 
Calc.  for  Ci7Hi80eN4AsNa.3H,0:  HiO,  10.27.     Found:  10.71. 
Subs.,  anhydrous,  0.1500:  15.6  cc.  N  (25.0*,  758  mm.).    Subs.,  0.2521:  MgsASfOr, 
0.0815. 

Calc.  for  CirHisOeNiAsNa:  N,  11.87;  As,  15.88.    Found:  N,  ii.88;  As,  15.61. 

On  adding  acetic  add  to  a  hot  solution  of  the  sodium  salt  the  fa'ee 
arsonic  acid  separated  gradually  as  plumes  of  minute  hairs  which  are  al- 
inost  insoluble  in  boiling  water  or  50%  alcohol.  It  darkens  slightly,  but 
does  not  mdt  bdow  280^. 

Subs.,  0.1538:  (Kjeldahl).  1345  cc  o.x  N  HCl. 
Calc  for  CirHitOeNAAs:  N,  12.45.    Found:  12.25. 

N  -  (Phenyl  -  4  -  arsonic  Add)  -  glycyl  -  2  -  amino  -  pheaozyacetamide, 
^H2Q^sCJH4NHCH2CONHC«H40CH2CONH2(o-).— The  reaction  prod- 
uct from  o-chloroacetylamino-phenoxyacetamide,*  was  dissolved  in  dil. 
aomionia  in  order  to  avoid  danger  of  saponification  oi  the  amide  group. 
The  addition  of  acetic  add  to  the  heated  filtrate  caused  the  separation 
of  the  add  as  a  voluminous  mass  of  microscopic  needles  which  contained 
*  Tms  Journal,  39,  2434  (1917). 
'  Ibid,,  39,  2422  (1917). 
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one  molecule  of  water  of  crystallizatioii.  The  3deld  was  lo  g.  The 
acid  is  very  sparingly  soluble  in  boiling  water  and  somewhat  more  so  in 
hot  50%  alcohol,  from  which  it  crystallizes  in  minute,  glistening  needles 
on  cooling.  When  anhydrous  it  decomposes  at  about  280**  with  prelim- 
inary darkening. 

Subs.,  air-dry,  0.0845 :  Loos,  0.0033  *«  vacuo  at  100*  over  HsSOf. 
Calc  for  CiAHisOeNiAs.HsO:  HiO,  4.08.    Pound:  3.90. 

Subs.,  anhydrous,   0.1370:    11.95    cc.    N    (23.0®,    756    nun.).    Subs.,    0.3369: 
MgsAssOr,  0.1222. 

Calc  for  CuHisOtNtAs:  N,  9.93;  As,  17.72.    Found:  N,  10.02;  As,  17.50. 

iV- (Phenyl- 4 -arsonic  Acid) - g^ycyl - 3 - amino-phenozyacetic  Acid, 
p-H,0^/^sC«H4NHCH2CONHC6H40CH2C02H(m-).— Inthis  case  the  addi- 
tion of  sodium  iodide  as  a  catalyzer  was  unnecessary.  22  g.  of  arsanilic 
acid  were  dissolved  in  100  cc.  of  N  soditun  hydroxide  solution, 
25  g.  of  fw-chloroacetylamino-phenoxyacetic  acid^  were  added  and 
the  mixture  boiled  for  one  hour.  An  oil  separated  from  the  dear 
solution  on  cooling.  On  the  addition  of  hydrodhloric  add  in  excess  the 
new  arsonic  add  rapidly  crystallized.  After  filtration  it  was  dissolved  in 
sufficient  dil.  sodium  hydroxide  solution,  diluted  to  about  500  cc.  and 
wanned.  On  adding  hydrochloric  add  until  congo  red  paper  turned 
color,  a  findy  divided,  oily  suspension  was  formed  which  solidified  on 
rubbing,  forming  radiating  masses  of  microctystals  containing  approxi- 
matdy  one  molecule  of  water  of  crystallization.  The  yidd  was  28  g. 
The  add  is  fairly  easily  soluble  in  boiling  water  or  50%  alcohol.  When 
rapidly  heated  the  anhydrous  substance  softens  at  180-90**,  then  darkens 
and  finally  decomposes  at  about  250-60**. 

Subs.,  air-dry,  0.5668:  Loss,  0.0197  *»  vacuo  at  100"  over  KtSOi. 
Calc.  for  CicHi707NsAs.HtO:  HjO,  4.07.    Found:  347. 

Subs.,    anhydrous,  0.1583:   (Kjeldahl),    7.53    oc.   0.1    iV   HCl.    Subs.,   0.3019: 
MgtAssOri  0.1088. 

Calc.  for  CieHirOrNiAs:  N,  6.60;  As,  17.68.    Foimd:  N,  6.66;  As,  1740. 

Ar-(Phenyl-4-arsonic  Acid)glycyl-4-amino-phenoxyacetic  Add. — ^This 
substance  was  obtained  as  in  the  case  of  the  previously  described  tneta 
isomer,  from  /^-chloroacetylamino-phenoxyacetic  add.*  After  30  minutes' 
boiling  the  dear  solution  suddenly  set  to  a  thick,  crystalline  mass,  after 
which  heating  was  continued  30  minutes  longer  on  the  water  bath.  The 
product  was  dissolved  in  suffident  sodium  hydroxide  solution,  diluted 
to  about  500  cc.,  heated  on  the  water  bath,  and  addified  to  congo  red 
with  hydroddoric  add.  The  arsonic  add  immediately  separated  as  a 
colorless  powder,  which  appeared  as  minute  globules  under  the  micro- 
scope. The  yield  was  30  g.  When  a  hot,  dilute  solution  of  the  salt  (see 
bdow)  is  addified  with  acetic  add  the  arsonic  add  gradually  separates 

*  This  Journai,,  41,  466  (1919). 

«/Wrf.,  39,  2436(1917). 
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as  aggregates  of  flat,  microscopic  needles  and  platelets.  It  is  practically 
insoluble  in  hot  alcohd,  methyl  alcohol,  or  water,  but  is  appreciably 
soluble  in  boiling  50%  alcohol.  The  add  darkens  above  250**  but  does 
not  melt  below  285**. 

Subs.,  0.1495:  (Kjeldahl),  7.05  cc.  o.i  N  HCl. 
Calc  for  CiiHirOyNsAs:  N,  6.61.    Found:  6.59. 

Sodium  Salt, — On  addition  of  alcohol  to  a  neutral  solution  of  the  add 
in  dil.  sodium  hydroxide  solution  until  aystalUzation  started,  the  sodium 
salt  separated  as  glistening,  microscopic  leaflets  which  contained  3  mole- 
cules of  water  of  crystallization. 

Subs.,  air-dry,  0.5258:  Loss,  0.0535  in  vacuo  at  100®  over  HsS04. 
Calc.  for  CnHnOjNjAsNaj.aHiO:  HjO,  10.34.    Found:  10.18. 
Subs.,   anhydrous,    0.1441:   7.5    cc.     N     (23.0*,     765     mm.).    Subs.,    0.3417: 
MgtAstOr,  0.1 1 33. 

Calc  for  CitHuOrNiAsNai:  N,  5.99;  As,  16.02.    Pound:  N,  6.05;  As,  16.02. 

iV-(Phenyl-4-arsomc  Add)-g^7c;l-4-amino-phenozyacetamide. — 16  g- 
of  /?-chloroacetylamino-phenoxyacetamide^  were  employed,  using  sodium 
iodide.  The  reaction  product  which  separated  during  the  heating  was 
purified  by  dissolving  in  dil.  ammonia  and  repredpitating  with  acetic 
add.  The  yield  was  16.5  g.  The  add  separates  from  hot,  dilute  solu- 
tions of  its  salts  on  adding  acetic  add  as  sheaves  and  plumes  of  minute, 
flat  needles  which  do  not  mdt  bdow  280**.  It  is  very  sparingly  soluble  in 
boiling  water  or  50%  alcohol. 

Subs.,  0.1433:  12.6  cc  N  (22.0**,  747  mm.). 
Calc  for  CiiHitO«NtAs:  N,  9.93.    Pound:  10.01. 

Sodium  Salt. — ^As  the  amide  group  is  rather  sensitive  to  fixed  alkali, 
sodium  carbonate  was  used  to  dissolve  the  add  suspended  in  a  small 
volume  of  hot  water.  The  sodium  salt  began  to  separate  on  cooling  and 
was  more  completely  predpitated  by  adding  sodium  acetate  solution. 
Recrystallized  from  water  it  formed  long,  flat,  microscopic  needles  con- 
taining 5  molecules  of  water  of  crystallization. 

Subs.,  air-dry,  1.3832 :  Loss,  0.2362  in  vacuo  at  100®  over  HsS04. 

Calc.  for  CiftHiTOeNtAsNa.sHiO:  HjO,  16.83.     Pound:  17.08. 

Subs.,  anhydrous,  0.2846:  (Kjddahl),  19.3  cc.  0.1  N  HCl.  Subs.,  0.2936: 
MgsAstO?,  o.ioio. 

Calc  for  CitHnOsNtAsNa:  N,  9.44;  As,  16.84.    Pound:  N,  9.50;  As,  16.60. 

N  -  (Phenyl  -  4  -  arsenic  Add)glyc;l  -  4  -  amino  -  phenoz7acet]^ureat 
/>-H20sAsC«H4NHCH2CONHC8H40CH2CONHCONHj(/>-).  —  5.8  g.  of 
the  almost  insoluble  /?-chloroacetylamino-phenoxyacetylurea*  were 
gradually  replaced  by  the  new  arsonic  acid.  After  4  hours  the  filtered 
product  was  suspended  in  warm  water  and  sodium  carbonate  added  until 
the  arsonic  acid  was  completely  extracted  from  an  insoluble  residue  and 

»  This  Journai,,  39,  2423  (1917). 

•  /Wrf.,  39>  2435,  2436  (1917). 
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the  solution  remained  just  alkaline  to  litmus.  The  use  of  sodium  hy- 
droxide was  avoided  owing  to  the  lability  of  the  ureide  group.  The 
insoluble  residue  was  collected  with  boneblack  and  the  clear  j&ltrate 
salted  out  with  sodium  acetate.  After  standing  in  the  refrigerator  the 
filtered  salt  was  washed  with  20%  sodium  acetate  solution  and  then 
85%  alcohol,  and  purified  by  dissolving  in  a  small  volume  of  warm  water 
and  treating  with  two  volumes  of  alcohol.  On  cooling  the  sodium  salt 
gradually  separated  as  aggregates  of  microscopic  needles  containing  4 
molecules  of  water  of  crystallization.    The  yield  was  4.5  g. 

Subs.,  air-dry,  0.3254:  Loss,  0.0419  in  vacuo  at  100*  over  HsSOi. 
Calc.  for  Ci7Hii07N4AsNa.4HsO:  HfO,  12.86.    Found:  12.88. 
Subs.,  anhydrous,    0.1301:    13.0    cc.    N    (25.0^    766    mm.).    Subs.,    0.1479: 
MgsAssO?,  0.0467. 

Calc.  for  CnHisOrNiAsNa:  N,  11.48;  As,  15.36.     Found:  N,  11.54;  As,  15.24. 

On  adding  acetic  add  to  a  hot,  dilute  solution  of  the  salt  the  arsonic 
acid  separated  as  rosets  of  microscopic  needles  which  contained  V2  molecule 
of  water  of  crystallization.  The  anhydrous  add  slowly  decomposes  at 
about  290**  with  preliminary  darkening,  and  is  very  difficultly  soluble  in 
boiling  water  or  50%  alcohol. 

Subs.,  air-dry,  0.4852:  Loss,  0.0071  in  vacuo  at  100*  over  HtSOf. 

Calc  for  Ci7Hi»07N«As.o.3HiO:  HjO,  1.89.    Found:  1.46. 

Subs.,  anhydrous,  0.1580:  (Kjeldahl),  13.45  cc.  o.i  N  HCl. 

Calc.  for  CnHitOyNfAs:  N,  12.02.     Found:  11.92. 

Ar-(Phenyl-4-arsonic  Acid)g^ycyl  -  3  -  methyl  -  4  -  amino-phenozyacetic 
Acid,  ^-H20»AsC«H4NHCH2CONHC6H3(CH3)OCH2C02H(o,/>-).— 4.4  g.  of 
arsanilic  add,  dissolved  in  20  cc.  of  N  soditmi  hydroxide  solution,  and 
5.2  g.  of  3-methyl-4-chloroacetylamino-phenoxyacetic  acid^  yidded  a 
dear  solution  on  boiling.  On  chilling  after  one  hour  an  oil  separated  and 
slowly  crystallized.  A  solution  of  the  crude  substance  in  dil.  sodiiun 
hydroxide  was  warmed  and  addified  with  hydrochloric  add  to  congo  red, 
after  which  the  small  amount  of  floccident  precipitate  carrying  coloring 
matter  was  rapidly  filtered  off.  On  cooling  and  standing  3  g.  of  the 
arsonic  add  slowly  separated  as  a  crust  on  the  sides  of  the  vessd.  For 
analysis  it  was  reoystaUized  from  a  small  voliune  of  50%  alcohol.  As 
so  obtained  the  substance  decomposes  from  250-260°  with  prdiminary 
sintering.  The  add  is  difficult  to  obtain  in  well-defined  crystals  as  it 
easily  forms  supersaturated  solutions,  oystaUizes  very  slowly,  and  sepa- 
rates as  a  gum  when  rapidly  thrown  out  of  solution.  When  a  dilute 
solution  of  the  sodium  salt  described  bdow  is  addified  with  acetic  add 
the  substance  separates  very  gradually  as  warty  aggregates  of  micro- 
scopic needles  which  decompose  at  270°  with  prdiminary  darkening. 
It  is  appredably  soluble  in  methyl  alcohol  and  in  boiling  water  and  readily 
in  hot  methyl  or  ethyl  alcohol. 

1  Tms  JOUKNAI*,  39»  330I  (1917). 
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Subs.,  0.2008:  (Kjeldahl),  9.08  cc  0.1  N  HCl.    Subs..  0.1802:  MgsAstO?,  0.0660. 
Calc.  for  CitHibOtNjAs:  N,  6.39;  As,  17.12.     Found:  N,  6.33;  As,  17.68. 

Sodium  Soli. — ^When  a  hot,  neutral  solution  of  the  acid  in  a  small 
volume  of  sodium  hydroxide  solution  was  treated  with  alcohol  it  )delded 
an  oil  which  gradually  crystallized  on  cooling  and  standing,  while  well- 
defined  needles  slowly  separated  from  the  supernatant  liquor.  The  salt 
obtained  in  this  way  contained  water  of  crystallization  but  the  amount 
was  not  determined.     It  is  easily  soluble  in  water. 

Subs.,  anhydrous,  0.3198:  (Ejeldahl),  13.45  cc.  o.i  N  HQ;  MgtA^Or,  0.1040. 
Calc.  for  CiTHisOrNsAsNas:  N,  5.81;  As,  I5.54-    Found:  N,  5.89;  As,  15.69. 

N  -  (Phenyl  -  4  -  arsenic  Acid)glycyl  -  3  -  amino  -  benzenesulfoaamide, 
/>-H20»AsC6H4NHCH2CONHC6H4S02NH2(w-).— Equivalent  amounts  of 
sodium  arsanilate,  w-chloroacetylamino-benzenesulfonamide,^  and  sodium 
iodide  in  50%  alcohol  yielded  a  clear  solution  after  several  hours'  boiling, 
from  which  the  reaction  product  crystallized  on  cooling  and  rubbing. 
The  collected  product,  after  solution  in  dil.  ammonia,  was  precipitated 
by  acetic  acid  as  flat,  glistening,  microscopic  needles,  often  grouped  in 
rosets.  21.5  g.  of  the  chloroacetyl  compound  yielded  25  g.  of  the  arsonic 
add.  It  decomposes  at  about  265°  with  preliminary  darkening  and  is 
difficultly  soluble  in  boiling  water  or  50%  alcohol. 

Subs.,  0.1755:  15  cc.  N  (23.0*,  756  mm.). 

Calc  for  Ci4Hi60iNiSAs:  N,  9.79.    Found:  9.81. 

^-(Phenyl- 4 -arsenic  Acid)glycyl-4-amino-benzenesulfonic  Acid, 
f-H20sAsC(,H4NHCH2CONHC«H4SO,H(^-)  — 16.5  g.  of  arsanilic  add  were 
dissolved  in  75  cc.  of  N  sodium  hydroxide  solution  and  25  g.  of  sodium 
chloroacetyl-sulfanilate*  were  added.  After  boiling  the  mixture  for  30 
minutes  and  cooling,  the  resulting  dear  solution  was  treated  with  an 
excess  of  hydrochloric  add.  The  arsonic  add  separated  on  rubbing  and 
was  j&ltered  off  and  washed  with  10%  hydrochloric  add.  Repredpitated 
from  solution  in  dil.  ammonia  with  hydrochloric  add,  the  pure  arsonic 
add  separated  slowly  as  flat,  lustrous  needles.  The  yield  was  20  g.  The 
add  is  appreciably  soluble  in  cold  water,  but  less  so  in  10%  hydrochloric 
add  solution.  It  is  readily  soluble  in  hot  water,  from  which  it  separates 
on  cooling  as  aggregates  of  minute,  flat  needles  which  contain  two  mole- 
cules of  water  of  crystallization.  It  is  sparingly  soluble  in  alcohol  and 
practically  insoluble  in  acetone.  The  anhydrous  substance  slowly  softens 
and  decomposes  at  245-6^. 

Subs.,  air-dry,  0.8815:  Loss,  0.0683  in  vacuo  at  100®  over  HsSOi. 

Calc.  for  Ci4Hi607N2SAs.2H20:  HiO,  7-73.    Found:  7.75. 

Subs.,  anhydrous,  0.1537:  (Kjeldahl),  7.14  cc  o.i  N  HQ.  Subs.,  0.3036: 
MgfAssO?,  0.1076. 

Calc.  for  Ci4Hu07NsSAs:  N,  6.51;  As,  17.42.    Found:  N,  6.50;  As,  17.11. 

»  Tras  JouRNAi*,  39,  2429  (1917). 

»/W(i.,  41, 470(1919). 
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Ar'(Pheii7l-4-ar80iiic  A€id){^7cyl-4-ainino-benzeiiesulfoiiamide. — ^The 
product  from  21.5  g.  of  /'-chloroacetylamino-benzenesulfonamkle^  in  the 
presence  of  sodium  iodide,  was  dissolved  in  dil.  ammonia.  On  acidifica- 
tion of  tiie  hot,  dihite  solution  with  acetic  add  the  new  arsonic  add  rapidly 
separated  as  colorless  aggregates  of  thin,  microscopic  leaflets  and  needles. 
The  yidd  was  30  g.  The  add  is  ins(duble  in  boiling  water  or  50%  alcohol, 
and  on  rapid  heating  sinters  slightiy,  but  does  not  mdt  bdow  280^.   * 

Sabs.,  0.1374:  11.6  cc.  N  (20.0**,  769  mm.).    Subs.,  0.3019:  MgsAssO?,  0.1078. 
Calc.  for  CiJ9iiOBNfSAs:  N,  9*79;  As,  17.45*    Pomid:  N,  9.95;  As,  17.23. 

A^-(Phen]^-4-arsonic  Acid)g^yc]^-4-amino-6-hydroz7benzenesulfonic 
Add,  /^H,0,AsC«H4NHCH2CONHC«H,(OH)S03H(m,/>-).— 22  g.  of 
arsanilic  add  in  100  cc.  of  AT  sodium  hydroxide  solution  and  30  g.  of  the 
sodium  salt  of  4-chloroacetylaniino-6-hydroxybenzenesulfonic  add*  were 
boiled  for  30  minutes  and  the  dear  solution  then  chilled  and  treated  with 
25  cc.  of  cone,  hydrochloric  add.  On  scratching  and  standing  in  the 
refrigerator  the  reaction  product  crystallized  and  was  filtered  off  and 
washed  with'10%  hydrochloric  add.  The  crude  substance  was  suspended 
in  water,  treated  with  soditun  acetate  solution  until  completely  dissolved, 
warmed,  and  the  solution  then  treated  with  cone,  hydrochloric  add  until 
a  concentration  of  about  10%  hydrochloric  add  was  reached.  On  cooling 
the  arsonic  add  slowly  separated  as  a  thick  crust  of  crystals  which  was 
washed  with  10%  hydrochloric  add  and  then  with  ice  water.  The  yidd 
was  25  g.  The  add  separates  with  approximatdy  1.5  molecules  of  water 
of  crystallization  and  is  fairly  readily  soluble  in  water  at  ordinary  tem- 
peratures, but  like  many  sulfonic  adds  it  is  less  soluble  in  dil.  hydrochloric 
add.  It  separates  from  hot  water  on  thorough  chilling  as  microscopic 
leaflets  and  is  difficultiy  soluble  in  hot  alcohol,  methyl  alcohol  or  acetic 
add.  In  alkaline  solution  it  couples  readily  with  diazotized  sulfaniUc 
add.  The  anhydrous  substance  softens  and  darkens  above  200  ^  but  does 
not  mdt  bdow  275 ^ 

Subs.,  air-dry,  0.7833:  Loss,  0.0488  in  vacuo  at  100**  over  H1SO4. 
Cole  for  Ci4HuOtNsSAs.i.5HsO:  HsO,  5-7i-    Fomid:  6.23. 
Subs.,    anhydrous,    0.2022:  (Kjeldahl),    9.25    cc.   o.i    N  HQ.    Subs.,   0.2258: 
MgsAsfO?,  0.0798. 

Cak.  for  CiJIuOtNsSAs:  N,  6.28;  As,  16.81.    Found:  N,  6.40;  As,  17.06. 

Ar-(Phenyl-4-arsonic  Add)glycyl-4-amino-acetophenonei  p-HtOzAsCt- 
H«NHCH2CONHC«H4COCH8(/>-)— 4-3  g-  of  /?-chloroacetylaniino-aceto- 
phenone'  with  sodium  iodide  yielded  4  g.  of  the  crystalline  arsonic  add, 
after  ptuification  in  the  usual  manner.  The  add  separates  from  hot, 
dilute  solutions  of  its  salts  on  addition  of  acetic  add  as  long,  fine  hairs 

»  Tms  Journal,  39»  2429  (1917)- 
« Ibid,,  41, 471  (1919). 
» Ibid.,  41, 469  (1919). 
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which  do  not  melt  below  280°.  It  is  almost  insoluble  in  boiling  water 
and  but  sparingly  so  in  hot  50%  alcohol.  It  dissolves  in  cone,  sulfuric 
acid  with  a  yello^  color. 

Subs.,  0.1538:  9«6  cc.  N  (25.5**,  768  mm.).    Subs.,  0.3164:  M^^siOti  0.1240. 
Calc  for  CieHiTOiNsAs:  N,  7.15;  As,  19.10.    Pound:  N,  7.22;  As,  18.91. 

(B)  Derivatives  of  (7-Arsanilic  acid. 
N  -  (Phenyl  -  2  -  arsenic  Acid)glycineanilide  (7-HiOaAsC»H4NHCHr 
CONHQHfi. — ^This  substance  was  prepared  in  the  same  way  as  the 
f-derivative  from  (7-arsaniUc  acid^  and  chloroacetanilide.  The  arsonic 
add  separated  slowly  on  standing,  and  precipitation  was  completed  by 
diluting  the  reaction  mixture.  The  crude  product  was  grotmd  up  with 
dil.  hydrochloric  add  and  recrystallized  from  50%  alcohol,  crystallizing 
on  seeding  as  radiating  masses  of  minute  prisms  with  one  molecule  of 
water  of  crystallization.  The  yield  equaled  the  amount  of  (7-arsanilic  add 
used.  The  anhydrous  substance  softens  at  158°,  melts  at  160-3**  ^^h 
slow  gas  evolution,  and  dissolves  very  easily  in  boiling  50%  alcohol, 
although  sparingly  in  the  cold.  It  is  very  difficultly  soluble  in  boiling 
water  and  also  in  cold  acetic  add,  but  dissolves  readily  in  the  latter  on 
warming.  It  is  also  easily  soluble  in  cold  methyl  alcohol,  less  readily 
in  ethyl  alcohol. 

Subs.,  air-dry,  0.6579:  Loss,  0.0363  in  vacuo  at  loo**  over  HsSO«. 
Calc.  for  C14H16O4N1AS.H1O:  H2O,  4.89.    Found:  5.52. 

Subs.,   anhydrous,    0.2 171:  (Kjeldahl),    12.25   ex;,   o.i    N  HCl.    Subs.,   0.3047: 
MgsAssO?,  0.1364. 

Calc.  for  CiJIifiO^NsAs:  N,  8.00;  As,  21.39.    Pound:  N,  7.91;  As,  21.60. 

A^-(Phenyl-2-arsonic  Acid)glycyl-2-aminophenol. — 22  g.  of  (7-arsanilic 
add  and  19  g.  of  (7-chloroacetylamino-phenol  in  200  cc.  of  0.5  iV  sodium 
hydroxide  solution  were  boiled  for  V2  hour.  On  cooling  the  clear  solution 
deposited  an  oil,  part  of  which  dissolved  on  rendering  the  mixture  ammo- 
niacal,  leaving  a  copious  residue  of  (?-amino-phenoxy acetic  anhydride.* 
On  addifying  the  filtrate  with  hydrochloric  add  the  oil  which  first  sepa- 
rated was  soon  followed  by  crystals,  and  on  standing  in  the  ice-box  the 
entire  product  crystallized.  The  crude  substance  was  dissolved  in  dil. 
ammonia  and  the  solution  then  acidified  faintly  with  acetic  add  and 
treated  with  boneblack.  On  adding  hydrochloric  add  carefully  to  the 
hot  filtrate  until  just  add  to  congo  red  the  arsonic  add  separated  as 
beautiful  balls  of  glistening  needles  which  soon  filled  the  liquid.  The 
yield  was  8  g.,  containing  0.5  molecule  of  water  of  crystallization.  When 
anhydrous  it  melts  and  decomposes  at  151-3°.  Prom  hot  water,  in  which 
it  is  but  sparingly  soluble,  it  separates  on  cooling  as  long,  silky  needles. 
It  is  fairly  readily  soluble  in  cold  alcohol  or  methyl  alcohol  and  easily 

»  Tras  JouRNAi,,  40, 1583  (191 8). 
*  Cf.  the  p-aisomc  add,  p.  1621. 
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SO  in  hot  50%  alcohol.    An  alkaline  solution  couples  readily  with  diazotize 
sulfanilic  add. 

Subs.,  air-dry,  0.7450:  Loss,  0.0197  in  vacuo  at  100®  over  H1SO4. 
Calc  for  CuHifOiNsAs.o.5HsO:  HiO,  3.40.    Found:  2.64. 

Subs.,    anhydrous,   0.2520:  (Kjeldahl),    14.0   cc.    o.i    N   HCi.    Subs.,    0.2734: 
MgiAsiOr,  o.  1 1 78. 

Calc  for  Ci^HuOiNsAs:  N,  7.66;  As,  2048.    Found:  N,  7.78;  As,  20.79. 

Ar-(Phenyi-2-arsonic  Acid)g^ycyl-3-aminophenol. — 22  g.  of  c>-arsanilic 
add  dissolved  in  100  cc.  of  N  sodium  hydroxide  solution  and  19  g.  of 
w-chloroacetylamino-phenoP  were  boiled  for  30  minutes.  On  cooling  a 
deep  red  oil  separated,  but  on  adding  hydrochloric  add  until  add  to 
Congo  red,  it  crystallized  on  rubbing.  The  substance  was  then  filtered 
off,  washed  with  water,  suspended  in  a  small  volume  of  water,  and  dis- 
solved by  the  addition  of  ammonia.  On  rendering  slightly  acid  with  acetic 
add  the  deep  colored  solution  deposited  a  dark,  gummy  .predpitate  which 
was  collected  in  the  cold  with  boneblack  and  filtered.  The  filtrate  was 
then  heated  with  boneblack,  which  removed  most  of  the  color.  A  pink 
color  still  persisted  in  the  filtrate,  a  property  which  all  of  the  substances 
derived  from  w-chloroacetylamino-phenol  have  shown.  The  filtrate  was 
diluted  to  about  500  cc,  heated,  and  then  treated  with  hydrochloric  add 
tmtil  Congo  red  turned  color,  causing  the  momentary  separation  of  an  oil 
which  on  stirring  rapidly  crystallized,  forming  bundles  of  pink  micro- 
scopic platelets  which  when  air-dried  contained  approximately  two  mole- 
cules of  water  of  crystallization  and  melted  at  103-5^.  'The  yidd  was 
17  g.  When  anhydrous  the  substance  softens  at  about  125-30**  and 
mdts  completdy  with  decomposition  at  about  180**.  It  is  readily  soluble 
in  alcohol,  methyl  alcohol,  acetic  add  and  hot  water,  and  in  alkaline 
solution  couples  readily  with  diazotized  sulfanilic  add. 

Subs.,  air-dry,  0.6155 :  Loss,  0.0590  in  vacuo  at  100 **  over  H2SO4. 
Calc.  for  Ci4HuO»NjAs.2H,0:  HtO,  8.96.    Foundi  9.59. 

Subs.,    anhydrous,  0.2355:  (Kjeldahl),    12.55   cc.   o.i    N  HQ.    Subs.,   0.3123: 
MgsAsiO?,  0.1362. 

Calc  for  CiJIiiOfiNsAs:  N,  7.66;  As,  2048.    Found:  N,  7.46;  As,  21.04. 

N  -  (Phenyl  -  2  -  arsonic  Acid)glycyl  -  4  -  aminophenoL — Equimolecular 
quantities  of  (7-arsanilic  add  and  ^-chloroacetylamino-phenol  yidded  a  dark 
adored  solution  from  which  an  oil  separated  on  cooling.  This  slowly  soUdi- 
fied,  especially  after  making  definitdy  add  to  congo  red  with  hydro- 
chloric add.  After  standing  in  the  ice-box  the  product  was  filtered  off, 
washed,  dissolved  in  dil.  ammonia  and  the  solution  faintly  addified  with 
acetic  add  and  treated  with  boneblack.  On  addifying  the  hot  filtrate 
to  congo  red  with  hydrochloric  add  the  arsonic  add  again  separated  as 
an  oil  which  soon  oystallized.  This  substance  was  again  dissolved  in 
dil.  ammonia  and  the  solution  addified  with  acetic  acid  and  agaia  treated 
>  Thib  Journai.,  39, 1442  (1917). 
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with  boneblack  to  remove  the  color  whkh  still  per^sted.  On  diluting 
the  filtrate  to  about  300  cc,  heating,  and  adding  hydrochloric  add  until 
Congo  red  paper  just  turned  and  as  long  as  the  (hIv  emulsion  which  mcnnen- 
tarily  formed  redissolved,  the  arsonic  add  separated  on  scratdiing  as  a 
heavy  powder,  consisting  of  short,  colorless,  microscopic  platdets.  The 
filtered  substance  was  washed  with  water.  The  yidd  was  16  g.  from  22  g. 
of  (7-arsanilic  add.  When  rapidly  heated  the  add  darkens  and  then  melts 
and  decomposes  at  208-9*^.  It  is  very  sparingly  soluble  in  boiling  water 
and  easily  in  boiling  methyl  alcohol  or  50%  alcohol. 

Subs.,  a233i:  (Kjeldahl),  12.9  cc.  o.i  N  HQ.    Subs.,  0.2950:  MgaAsiOr,  0.1255. 
Calc.  for  Ci4Hi60ftN»As:  N,  7.66;  As,  20.48.    Pound:  N,  7.75;  As,  20.53. 

(C)  Derivatives  of  m-Arsanilic  Add. 
^-(Pheiiyl-a-arsonic  Add)glydneanilide. — (Prom  tn-arsanilic  add^  and 
chloroacetanilide) .  On  diluting  the  reaction  mixture  with  water  and  render- 
ing add  to  Congo  red  with  hydrodiloric  add  the  crystalline  arsonic  add  was 
gradually  deposited.  This  was  recrystalUzed  first  from  50%  alcohol  and 
finally  from  gladal  acetic  add,  separating  from  the  latter  as  roeets  of 
minute,  cream-colored  prisms  which  apparently  contained  solvent  of 
crystallization.  When  rapidly  heated  to  215°  and  then  dowly  the  dried 
substance  darkens,  then  softens,  and  finally  decomposes  at  2x7-18^. 
It  is  rather  sparingly  soluble  in  hot  water,  but  dissolves  readily  in  hot 
50%  alcohol  or  acetic  add  and  is  appreciably  soluble  in  cold  95%  alcc^ol. 

Subs.,  0.2422:  (Kjeldahl),  14.25  cc.  0.1  i\r  HQ.    Subs.,  0.2857:  MgiAssOrt  0.1267. 
Calc.  for  Ci4Hu04NsAs:  N,  8.00;  As,  21.39.    Found:  N,  8.24;  As,  21.40. 

iV-(Plienyl-3-arsonic  Add)glycyl-2^aminophenol. — Although  the  reac- 
tion between  tn-arsanilic  add  and  (7-chloroacetylamino^henol  was  accom- 
panied by  the  formation  of  c^-amino-j^enoxyacetic  anhydride,  as  in  the 
case  of  p-  and  (?-arsanilic  adds,  the  amoxmt  of  anhydride  was  much  less 
than  that  formed  when  the  isomeric  adds  were  used.  Consequently 
the  yidd  of  the  complex  arsonic  add  was  much  greater  than  in  the  case 
of  the  0'  or  f -arsanilic  add. 

The  reaction  mixtiu"e  from  22  g.  of  m-arsanilic  add  and  19  g.  of  o-diloro- 
acetylamino-phenol  yidded  an  oil  on  cooling  which  redissolved  on  render- 
ing the  mixtiu-e  ammoniacal,  leaving  about  3  g.  of  c^-aminophenoicyiacetic 
anhydride.  The  filtrate  was  addified  to  congo  red  with  hydrodiloric 
acid,  causing  the  deposition  of  a  viscous  oil  which  slowly  crystallized 
on  rubbing  and  letting  stand.  After  standing  for  24  hours  in  the  re- 
frigerator the  crude  substance  was  filtered  off  and  washed  with  water. 
The  deep  colored  solution  of  this  product  in  dil.  ammonia  was  neutrafized 
with  acetic  add  and  treated  with  boneblack.  The  still  colored  filtrate 
was  diluted  to  about  300  cc.,  heated  on  the  water  bath,  and  then  txieated 
with  hydrochloric  add  until  congo  red  turned  color.  On  scratching  and 
'  This  Journal,  40, 1583  (1918). 
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keying  safficiently  warm  the  substance  slowly  crystallized  as  almost 
colorless,  flat,  microscopic  needles.  If  allowed  to  chill  it  separated  first 
as  an  oil  carrying  coloring  matter  with  it.  If  properly  heated  and  with 
constant  manipulation  with  a  rod  crystallization  was  ahnost  complete 
in  about  15  minutes. 

After  cooling  it  was  filtered  off  and  washed  with  water.  The  yield  was 
21  g.  When  rapidly  heated  to  185®,  then  slowly,  the  arsonic  acid  darkens 
and  softens,  finally  melting  and  decomposing  at  190-2*'.  It  is  sparingly 
soluble  in  cold  water,  more  easily  on  boiling,  and  on  cooling  it  again 
separates  very  slowly  and  incompletely.  It  is  somewhat  soluble  in  the 
cold  in  50%  or  95%  alcohol,  more  easily  on  warming,  and  also  dissolves 
in  cold  methyl  alcohol  or  boiling  acetic  add.  A  solution  of  the  add  in 
strong  ammonium  acetate  solution  slowly  deposits  the  ammonium  salt 
as  minute  needles.  Although  hydrochloric  add  predpitates  the  acid 
fairly  completdy  from  its  salts  as  a  gummy  mass,  an  excess  of  acetic  add 
causes  no  immediate  predpitate.  However,  on  long  standing  the  free 
arsonic  add  separates  slowly  and  incompletdy  from  such  solutions  as  a 
crust  of  broad,  microscopic  needles. 

Subs.,    0.1835:  (Kjddahl),    10.35    cc.    o.i    N  HCl.    Subs.,   0.3004:  MgiAsiO?, 
0.1283. 

Calc.  for  CuHibOsNiAs:  N,  7.66;  As,  20.48.    Found:  N,  7.90;  As,  20.57. 

iV-(Phenyl-3-arsonic  Acid)glyc7l-3-aminophenol. — 26.4  g.  of  m-arsaniKc 
add  and  23  g.  of  m-chloroacetylamino-phenol  )ddded  a  purple  oil  which 
slowly  crystallized  on  scratching.  Attempts  at  purifying  this  substance 
by  the  usdal  method  of  repredpitating  the  add  from  its  solution  in  dil. 
alkali  by  dther  acetic  or  hydrochloric  add  were  unsuccessful  since  the 
compound  easily  formed  supersaturated  solutions  from  which  it  separated 
extremdy  slowly,  usually  as  highly  colored,  amorphous  flocks.  The  sub- 
stance was  best  purified  by  dissolving  in  hot  50%  acetic  add  and  treating 
with  boneblack,  most  of  the  purple  color  still  persisting  in  the  filtrate. 
On  standing  in  the  refrigerator  the  add  gradually  separated  as  a  thick 
crust  of  crystals  which  carried  down  the  color  with  them.  The  yidd  was 
27.5  g.  A  futher  reaystallization  was  then  attempted  from  50%  alcohol, 
the  solution  depositing  the  substance  slowly  as  a  light  purple  powder 
consisting  of  minute,  irregular  platdets  and  flat  needles  containing  ap- 
proximatdy  1.5  molecules  of  water  of  aystallization.  When  rapidly 
heated  to  150*^  the  anhydrous  substance  gradually  sinters  to  a  tar  whidi 
decomposes  at  about  180-90**.  In  the  cold  it  is  more  srfuWe  in  methyl 
alcohol  than  in  the  other  solvents,  but  is  fairly  easily  soluble  in  hot  water, 
more  so  in  hot  alcohol,  acetic  add  or  in  these  solvents  when  diluted. 
It  is  practically  insolutde  in  acetone,  benzene  or  ether. 

Subs.,  air-dry,  0.3468:  Loss,  0.0210  in  vacuo  at  100^  over  HtSOt. 
Cak.  for  Cx4Iu0^sA9.z.5BsO:  £bO,  6.87.    Fdimd:  6.06. 
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Subs.,    anhydrous,    0.1607:  (Kjeldahl),    8.95    cc.    o.i    N  HCL    Subs.,    0.2531: 
MgiAssO?,  0.1058. 

Calc.  for  CwHuOeNiAs:  N,  7.66;  As,  20.48.     Pound:  N,  7.80;  As,  20.18. 

i\r-(Phenyl-3-arsoiiic  Acid)glycyl-4-aminophenol. — ^The  almost  colorless 
oil  obtained  from  22  g.  of  w-arsanilic  acid  and  19  g.  of  /?-chloroacetyl- 
amino-phenol  could  not  be  made  to  crystallize  directly  and  was  therefore 
dissolved  by  adding  an  equal  volume  of  cone,  hydrochloric  acid  to  the 
reaction  mixture,  with  chilling.  On  scratching,  the  clear  solution-  de- 
posited the  hydrochloride  of  the  arsonic  add  as  minute  needles,  the 
mixture  setting  to  a  thick  mass  after  several  hoiurs.  After  filtering  off, 
the  hydrochloride  was  washed  with  i  :  i  hydrochloric  add  and  was  then 
suspended  in  water  and  dissolved  by  the  addition  of  ammonia.  The 
warm  solution  was  treated  with  hydrochloric  add  imtil  add  to  congo  red, 
causing  the  partial  separation  of  the  substance  as  an  oil  which  gradually 
crystallized  on  scratching.  After  standing  in  the  refrigerator  it  was 
filtered  off  and  washed  with  ice  water.  The  yidd  was  21  g.  When 
recrystaUized  from  a  small  volume  of  hot  water,  in  which  it  readily  dis- 
solves, it  separates  on  rapid  chilling  as  a  milky  emulsion  which  then  very 
slowly  crystallizes,  partly  as  a  hydrate.  But  if  allowed  to  cool  very 
slowly  it  separates  gradually  as  microscopic  platdets  which  are  anhydrous. 
When  rapidly  heated  the  arsonic  add  starts  to  sinter  and  darken  above 
170**  and  when  hdd  at  180**  slowly  shrinks  together  and  decomposes. 
It  is  sparingly  soluble  in  cold  water  but  dissolves  readily  in  the  boiling 
solvent.  It  is  easily  soluble  in  hot  alcohol,  appredably  so  in  cold  methyl 
alcohol,  and  but  sparingly  soluble  in  hot  acetone.  It  dissolves  in  warm, 
dil.  hydrochloric  add  and  on  addition  of  the  stronger  add  it  is  converted 
into  the  hydrochloride,  which  separates  slowly  on  rubbing. 

Subs.,  0.1527:  (Kjddahl),  8.47  cc.  0.1  N  HCl.     Subs.,  0.3042:  MgiAsiOr,  0.1308. 
Calc.  for  Ci4HuObNiAs:  N,  7.66;  As,  2048.    Found:  N,  7.77;  As,  20.75. 

(D)  Derivatives  of  Substituted  p-Arsanilic  Acids. 
iV-(2-Meth7lphenyl-4-arsonic  A€id)glycyl-3-an]inophenoL — ^30  g.  of  the 
soditun  salt  of  (7-methylarsaniUc  add  (from  o-toluidine)  and  17  g.  of 
m-chloroacetylamino-phenol,  yidded  an  oil  which  rapidly  crystallized 
on  addifying  the  mixtiu-e  to  congo  red  with  hydrochloric  add.  After 
dissolving  the  product  in  dil.  ammonia  and  addifying  the  solution  with 
acetic  add,  17  g.  of  the  piu"e  arsonic  add  separated  as  long,  flat,  micro- 
scopic needles.  When  heated  to  285°  the  add  darkens  and  slowly  de- 
composes. It  is  practically  insoluble  in  boiling  water,  but  is  appreciably 
dissolved  by  hot  50%  alcohol.  An  alkaline  solution  couples  readily  with 
diazotized  sulfanilic  add. 

Subs.,  0.1338:  8.6  cc.  N  (28.5^,  763  mm.).    Subs.,  0.2924:  MgiAssO?*  0.1182. 
Calc.  for  CijHiiOftNjAs:  N,  7.37;  As,  19.72.    Found:  N,  7.31;  As,  19.50. 

iV-(2-Methylphen7l-4-ar8onic  Acid)g^7cyl-4-anxinophenoL — ^This  sub- 
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stance  was  obtained  exactly  as  in  the  case  of  its  isomer  and  in  about  the 
same  yield.  On  acidifying  a  hot  solution  of  the  arsonic  add  in  dil.  ammonia 
with  acetic  add  the  free  add  separates  as  microscopic,  spindle-shaped 
needles.  When  rapidly  heated  it  decomposes  at  232-3®  with  preliminary 
darkening.  It  is  very  sparingly  soluble  in  boiling  water  and  slightly 
more  soluble  in  hot  50%  alcohol. 

Subs.,  0.1313:  8.6  cc.  N  (28.0^,  761  mm.).    Subs.,  0.3246:  MgtAss07»  0.1347. 
Calc.  for  CuHitOiNsAs:  N,  7.37;  As,  19.72.    Pound:  N,  7.44;  As,  20.01. 

A/'-(3-Methylphenyi-4-arsonic  A€id)glycyi-3-aminophenoL^This  sub- 
stance was  obtained  as  in  the  case  of  the  two  previously  described  com- 
pounds, starting  with  2-methyl-4-amino-phenylarsonic  add.*  Acetic 
add  slowly  predpitates  the  compound  from  hot  ammoniacal  solution  as 
aggregates  of  spindle-shaped  micro-crystals.  When  rapidly  heated  it 
decomposes  at  232-5®  with  preUminary  softening  and  darkening.  It  is 
very  sparingly  soluble  in  boiling  water  or  alcohol,  more  readily  in  hot 
50%  alcohol.  An  alkaline  solution  couples  readily  with  diazotized  sul- 
fanilic  add. 

Subs.,  0.1682:  10.6  cc  N  (21.0^  755  mm.).    Subs.,  0.3100:  MgiAssO?,  0.1275. 
Calc.  for  CuHirOftNiAs:  N,  7.37;  As,  19.72.    Pound:  N,  7.28;  As,  19.84. 

iV  -  (2  -  Carboxyphenyl  -  4  -  arsonic  Acid)gl7cyl  -  3  -  aminophenoli 
(7,f-HO,C(H,OsAs)C«H4NHCHjCONHC«H40H(fn-).— 10  g.  of  3-carboxy- 
4-amino-phenylarscmic  add,*  were  dissolved  in  80  cc.  of  AT  sodium  hy- 
droxide solution  (about  2  mols),  then  treated  with  20  cc.  of  2  JV  acetic 
add  and  8  g.  of  m-chloroacetylamino-phenol,  and  the  mixttu^  boiled 
for  one  hour.  The  reaction  was  apparently  facilitated  by  the  presence  of 
the  sodium  acetate  as  buffer,  since  without  the  addition  of  acetic  add  the 
solution  would  have  reacted  alkaline  and  decomposed  the  chloroacetyl- 
amino-phenol.  On  addifying  the  dear,  chilled  sdlution  with  hydro- 
diloric  add  the  reaction  product  crystallized.  This  was  purified  by  re- 
dissolving  in  dil.  sodium  hydroxide,  rendering  faintly  add  with  acetic 
add  and  adding  boneblack  in  the  cold  to  collect  a  small  amount  of  fioccu- 
lent  material.  The  filtrate  was  warmed  and  then  treated  with  an  excess 
of  acetic  add,  the  arsonic  add  separating  on  scratdiing  as  thin,  minute 
platdets.  After  washing  with  water  and  air-drying,  the  yidd  was  6  g. 
The  add  separates  with  one  molecule  of  water  of  crystallization  and  is 
practically  insoluble  in  boiling  water.  It  is  somewhat  soluble  in  hot 
alcohol  or  50%  alcohol  and  dissolves  fairly  readily  in  boiling  methyl 
alcohol  or  gladal  acetic  add.  When  rapidly  heated  the  anhydrous  sub- 
stance darkens  and  swells,  then  decomposes  at  204-7  °-  ^  alkaline  solu- 
tion couples  readily  with  diazotized  sulfaniUc  add. 

^  This  Journal,  40, 1588  (1918). 

*  Kahn  and  Benda,  Ber,,  4X»  3862  (1908). 
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Subs.,  air-diy,  0.5776:  Loss,  0.0236  tn  vacuo  at  100*  over  HsSO«. 
C«lc  for  CiiHiiOTNsAs.HsO:  HsO,  4.21.    Found:  4.09. 

Subs.,    anhydrous,    0.1441:    (Ejddahl),    7.1    cc    0,1  N   HQ.    Subs^  a3292: 
MgtAssOr,  0.1 23 1. 

Calc.    for    CifHiiOrNsAs:  N,    6.83;    As,     18.28.    Pound:  N,    6.90;  As,  18.03. 
Nbw  York,  N.  Y. 


[CoNTRiBxmoN  ntOM  van  Chsmical  Laboratory  of  Harvard  UNivsRamr.] 

STUDIES  IN  THE  CYCLOPROPANE  SERIES.    Vm.    NITRO- 
CYCLOPROPANE  DERIVATIVES. 

By  E.  p.  Kom^BR  and  H.  B.  Williams. 

Received  June  27,  1919. 

In  continuatioii  of  the  work  reported  in  the  preceding  paper  of  this 

series,^  we  have  studied  another  nitro-cydopropane  derivative  in  the 

hope  that  a  substance  which  would  give  more  sparingly  soluble  products 

would  enable  us  to  isolate  some  of  the  intermediate  compounds  that 

baffled  us  in  the  earlier  work.     We  selected  for  the  purpose  />-bromo- 

benzoyl-phenyl-nitro-cydopropane, 

CH,  —  CH  —  CHCOCJI«Br 

\/ 
CHNOt 

This  nitro  compound  was  made  without  much  trouble  by  the  method 
which  had  been  devdoped  for  the  bromine-free  analog.  It  has  3  dis- 
similar asymmetric  carbon  atoms  and  3  of  the  4  possible  stereoisomers 
were  isolated  in  the  course  of  the  investigation.  The  structure  of  all 
of  these  is  established  by  the  fact  that  with  various  reagents  they  give 
products  in  which  the  carbon  chain  is  not  the  same,  showing  that  they 
are  formed  by  opening  a  cydc^opane  ring  at  different  points. 

On  cautious  reduction  with  zinc  and  alcohol  all  of  the  isomeric  cydo- 
propane  derivatives  give  the  same  substance  that  is  obtained  by  addition 
of  nitromethane  to  benzal-aceto-^tMromophenone.  The  ring  is,  there- 
fore, opened  between  the  carbon  atoms  holding  the  nitro-  and  ^bromo- 
bcnzoyl  groups: 

C«H»  —  CH  —  CHCOCH^Br  CtH,  —  CH  —  CH«COC«H4Br 

\/  +  2H  -  I 

CHNOi  CHjNO, 

The  isomeric  cydopropane  derivatives  also  combine  very  readily  with 
the  halogen  adds  but  the  ring  is  opened  at  a  different  point: 

CH*  —  CH  —  CHCOC4H4Br 

\  /  -K  HX  -  C«H»CHXCHNO,CH,COC«H4Br 

CHNO, 

The  reactions  of  the  resulting  halogen  nitro  compounds  leave  no  doubt 
as  to  their  structure.    Thus  the  chlorine  compound,  when  treated  with 
»  This  Journal,  4h  i379  (i9i9)- 
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cold  potassitun  acetate,  loses  nitrous  add  and  forms  an  unsaturated 
chlorine  compound,  which  gives  benzoyl  dilcnide  on  oxidation  with  ozone: 
C,H»CHClCHNO,CH,COCJi4Br  —  HNO,  »  C,H»CC1  -  CHCH,COCJl4Br 
CtH»Ca  -  CHCH,CX)CtH4Br  — >  C|H»COa  +  BrCiH4C0ai  +  H,0  +  2CO, 
The  more  sensitive  bromine  compound  loses  hydrobromic  add  m<»'e 
easily  than  nitrous  add,  therefore  forms  an  unsaturated  nitro  compound 
whidi  gives  benzaldehyde  when  oxidized.    When  boiled  with  alcohol 
alone  it  loses  nitrous  as  well  as  hydroturomic  add.    The  result  is  a  furane 
derivative, 

CH  -C  — CVH^Br 


C«H»CHBrCHNO,CH,COC«H4Br  - 


No  +  HBr  +  HNO,. 

CH  =  C  — CHi 
It  is  worthy  of  note  that  while  these  halogen  nitro  compounds  have  re- 
active hydrogen  and  halogen  in  the  1,3 -relation  they  invariably  give  ethyl- 
ene and  not  cydopropane  derivatives  when  halogen  add  is  eliminated. 
The  isomeric  cydopropane  derivatives  are  also  attacked  by  bromine. 
The  prindpal  product  is  an  a,7-dibromo  compound, 
CJIftCH  — CHCOCeH, 

\  /  +  Br,  -  C«H,CHBrCHNO,CHBrCOC.H». 

CHNO, 

It  is  possible  that  this  substance  may  be  due  to  substitution  of  bromine 
in  the  a-position  and  addition  of  the  resulting  hydrogen  bromide  to  the 
bromo  cydopropane  thus  formed;  but  no  trace  of  such  a  bromo  compound 
could  be  found  among  the  products. 

The  reaction  of  the  cydopropane  derivatives  which  it  is  most  difficult 
to  interpret  is  that  which  takes  place  with  alkalies.  The  final  product, 
like  that  of  the  same  reacticm  with  the  bromine  free  analog,  is  a  j3-diketone, 

CfHiCH  —  CHCOCHiBr 

\  /  +  NaOH  -  NaNO,  +  C.H»CH,COCH,COCfH4Br. 

CHNO, 

Hiisdiketone  is  manifestly  formed  as  a  result  of  a  ntunber  of  successive 
reactions.    By  using  concentrated  sodium  methylate  we  succeeded  in 
isolating  an  imsaturated  methoxyl  compound  which  readily  gives  the 
diketcMie  on  hydrolysis, 
CtH«CH  --  CHCOCOI^Br 

\  /  +  NaOCH,  =  C«H»CH,C:CHC0C«H4Br  +  NaNO, 

CHNO,  I 

OCH, 

It  is  possible  that  this  is  an  intermediate  product;  but  it  seems  more 
probable  that  both  the  methoxyl  compound  and  the  diketone  are  formed 
from  an  intermediate  acetylenic  ketone.  In  order  to  reach  a  definite 
condusion,  it  will  be  necessary  to  find  a  method  for  detecting  an  acetylenic 
ketone  in  solutions. 
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Experimental  Part. 

7-Nitro-/9-phenyl-propyl-(4-bromophenyl)  Ketonei  CHt(NOi)CH- 
(C6H6)CH2COC«H4Br.— The  saturated  nitro-ketone  that  served  as  the 
starting  point  in  the  investigation  was  made  by  adding  soditmi  nitro- 
methane  to  a-phenyl-7-(4-bromophenyl)  propenone  and  acidifying  the 
product.  This  reaction  always  gives  two  substances,  one  of  which  corre- 
sponds to  the  condensation  of  a  molecule  of  nitro  compound  with  one, 
the  other  with  two  molecules  of  the  imsaturated  ketone.  In  as  much  as 
the  sodium  compound  formed  by  the  addition  of  soditun  nitromethane 
to  the  unsaturated  ketone  is  more  soluble  than  either  soditmi  nitro- 
methane or  the  imsaturated  ketone,  it  is  impossible  to  prevent  the  forma- 
tion of  considerable  quantities  of  the  "dimolecular"  product.  The  fol- 
lowing procedure  gave  the  most  satisfactory  yield  of  the  mohomolecular 
compound. 

A  finely  divided  suspension  of  soditun  nitromethane  was  made  by 
adding  15  g.  of  nitromethane  to  a  solution  of  5  g.  of  sodium  in  75  cc.  of 
95%  alcohol  and  shaking  vigorously  tmtil  all  Itunps  were  broken  up. 
The  suspension  was  added  rapidly  to  58  g.  of  unsattirated  ketone  sus- 
pended in  150  g.  of  alcohol  previously  warmed  to  60®.  The  mixture 
warmed  up  on  shaking  and  the  soUd  gradually  disappeared.  The  result- 
ing yellow  to  orange  colored  solution  was  immediately  cooled  in  ice  water 
and  acidified  with  glacial  acetic  add.  By  adding  the  add  drop  by  drop 
and  stirring  vigorously  it  was  possible  to  get  a  coarsdy  crystalline  product 
which  was  easily  ptuified  by  thorough  washing  with  water  and  alcohol 
and  recrystallization  from  alcohol  and  benzene.  The  yidd  of  ptire  sub- 
stance was  87%. 

The  yidd  was  not  improved  by  using  absolute  methyl  or  ethyl  alcohd. 
It  fell  to  bdow  50%  when  the  condensation  was  carried  out  in  solution, 
or  when  the  soditim  nitromethane  was  added  gradually,  the  prindpal 
product  being  the  dimolecular  compotmd.  The  yidd  is  also  less  when 
the  solution  of  sodium  salt  is  addified  rapidly  because  a  mixture  of  mono- 
and  dimolectdar  products  is  predpitated  as  an  oil.  This  later  solidifies 
but  the  losses  dtiring  purification  are  greater. 

The  nitro  ketone  crystallizes  in  small  needles  and  mdts  at  101-2**. 
It  is  not  very  soluble  in  ligroin  and  alcohol,  but  dissolves  readily  in  ether, 
chloroform,  acetone  and  benzene. 

Calc.  for  CuHuOtNBr:  Br,  23.0.    Found:  Br,  23.3,  23.0. 

The  semicarbazone  of  the  nitro  ketone  is  sparingly  soluble  in  alcohol, 
moderatdy  in  acetone  and  in  benzene.  It  mdts  with  decomposition  at 
I 68-9 ^ 

Calc  for  CnHuOiNiBr:  C,  51.5;  H,  4.1.    Found:  C,  51.2;  H,  4.2. 

The  "dimolecular"  product,  CHN02(CH(CeH6)CHaCOGeH4Br)s,  crys^ 
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talUzed  from  benzene  in  fine  needles.    It  is  sparingly  soluble  in  alcohol, 
more  readily  in  ether,  acetone,  chloroform,  and  benzene. 

Cak.  for  C»iHji04NBr,:  C,  573;  H.  3.9.    Found:  C,  575;  H,  4.2. 

7-Nitro- /9- phenyl- a- bromoi»ropyl-(4-broinophenyl)  Ketone,  CHr 
(NOa)CH(C«H»)CHBrCOC«H4Br.— The  nitro  ketone  was  brominated 
in  the  usual  way  in  carbon  tetrachloride.  The  soluticm  on  evaporation 
under  diminished  pressure  left  a  pale  yellow  oil  which  slowly  sdidified 
when  allowed  to  stand  in  a  cool  place  in  contact  with  absolute  methyl 
alcohol.  The  solid  was  washed  with  cold  methyl  alc(^ol  and  recrystal- 
lized  from  <»'dinary  akx^l.  It  was  thus  sq>arated  into  4  substances — ^3 
isomeric  monobromo  derivatives  and  one  dibromo  compound. 

The  principal  product  was  a  monobromo  derivative  which  melted  at 
114.5-115.5®.    This  was  most  easily  purified  by  crystallization  from  al- 
cohol containing  a  small  quantity  of  benzene.    It  separated  in  fine  needles 
moderately  soluble  in  alcohol,  readily  in  benzene,  acetone,  and  chloroform. 
Calc.  for  CiAHuOiNBrs:  C,  45^);  H,  3.0.    Found:  C,  45.1;  H,  3^^. 

The  mother  liquors  slowly  deposited  dear  rhombic  tables  mixed  with 
a  small  quantity  of  thick  needles.  The  two  substance  were  separated 
mechanically  and  recrystallized  separately  frcmi  alcohol.  The  com- 
pound which  crystallized  in  rhombic  tables  melted  at  105-^^. 

Cak.  for  CieHuQtNBrt:  C,  45.0;  H,  3.0.    Found:  C,  45.3;  H,  3.3. 

The  substance  crystallizing  in  needles  was  obtained  only  in  very  small 
amounts.  It  was  readily  soluble  in  methyl  and  ethyl  alcohols,  moderately 
in  ligroin,  and  melted  at  91  ^. 

Calc.  for  CieHuQiNBrt:  C,  45.0;  H,  3.0.    Found:  C,  45.8;  H,  3.1. 

The  filtrates  from  the  monobromo  derivatives  contained  a  small  quantity 
of  a  dibrcnno  compound  which  separated  in  oystalline  form  when  they 
were  allowed  to  evaporate  very  slowly  in  a  cold  place.    By  recrystalliza- 
tion  from  alcohol  this  was  obtained  in  thin  flakes  melting  138-9^. 
Calc.  for  CuI^isOiNBrt:  C,  38.0;  H,  2.4.    Found:  C,  38.4;  H,  2.6. 

The  two  monobromo  compounds  melting  at  115^  and  106^  must  be 
stereoisomers  because  they  give  the  same  mono-iodo  derivative  when  di- 
gested with  potassitun  iodide.  Neither  of  them  undergoes  further  bromina- 
tion  even  when  heated  with  turomine  in  the  sunlight.  The  third  mono- 
bromo and  the  dibromo  derivatives  were  obtained  in  quantities  too  small 
for  further  investigation. 

7-Nitro-7-bromo  -  /J  -  phenyl  -  propyl  -  (4  -  brQmophenyl)ketoney  CHr 
(NOi)BrCH(C6H»)CHtCOC6H4Br.— Bromination  in  the  position  a  to 
the  nitro  group  was  accomplished  by  means  of  the  soditun  derivative. 
This  was  made  by  adding  the  finely  powdered  nitro  ketone  to  a  concen- 
trated solution  of  sodium  methylate  in  methyl  alcohol  until  some  of  it 
remained  tmdissolved  after  vigorous  shaking.    The  mixture  was  then 
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filtered  rapidly  and  the  dear  solution  evaporated  over  sulfuric  add  in  a 
vacutun  desicx^ator.  It  left  a  white  solid  whidi  was  powdered  and  ex- 
tracted with  dry  ether  to  remove  a  small  quantity  of  nitro  ketone. 

For  the  purpose  of  bromination,  the  dry  powder  was  added  very  gradu- 
ally to  a  well-cooled  solution  containing  excess  of  bromine  in  dry  carbon 
tetrachloride.  The  reaction  was  very  vigorous  but  the  yidd  of  bromine 
compound  was  excellent.  This  was  purified  by  allowing  the  solvent  to 
evaporate  spontaneously,  washing  the  solid  residue  thoroughly  with  water, 
and  reaystallizing  from  alcohol  which  contained  a  small  quantity  of 
benzene.    The  main  product  crystallized  in  needles  and  mdted  at  127^. 

Calc.  for  CieHuNOtBrs:  C,  45.2;  H,  3.0.    Found:  C,  45.6;  H,  3.2. 
The  filtrates  deposited  a  small  quantity  of  a  second  product  which  mdted 
at  99-102 ^ 

7,7  -  Dibromo  -  7  -  nitro  -  /9  -  phenyl-propyl-(4-bromophenyl}  Ketone) 
CBr2N02CH(C«H6)CH2COC6H4Br.— The  dibromo  derivative  was  ob- 
tained without  difficulty  by  altematdy  adding  small  quantities  of  sodium 
methylate  and  bromine  to  a  cooled  methyl  alcoholic  solution  of  the  nitro 
compound,  until  both  methylate  and  bromine  were  present  in  excess. 
The  solid  which  separated  was  washed  with  water  and  cold  alcohol, 
dried  and  recrystallized  from  a  mixttu^  of  alcohol  and  benzene.  It 
crystallized  in  thin  plates  or  needles  and  mdted,  not  sharply,  at  I44-6^ 
Calc.  for  CiflHttOiNBri:  C,  38;  H,  2.4;  Br,  47.4.    Found:  C,  38.8;  H,  2.6;  Br,  46.6. 

Action  of  Potassium  Iodide  on  the  Bromo  Derivatives. — ^It  was  shown 
in  an  earlier  paper  that  it  is  possible  to  distinguish  between  bromine 
compounds  in  which  bromine  is  a  a  to  a  nitro  group  and  those  in  which 
it  is  a  to  a  carbonyl  by  treatment  with  potassium  iodide,  the  former  imdo-- 
going  reduction  while  the  latter  are  transformed  into  the  anresponding 
iodine  derivatives.  In  order  to  determine  whether  this  reaction  is  a  general 
one,  all  the  foregoing  bromine  compounds  were  boiled  with  potassium 
iodide  in  alcoholic  solution.  The  7-monobromo  compound — ^which  has 
bromine  in  the  a-position  to  the  nitro  group,  was  quantitativdy  reduced 
to  the  nitro  ketone.  The  7,7-dibromo  compoimd  was  also  reduced,  giving 
first  the  monobromo  compound  mdting  at  127^,  and  finally  the  nitro  ke- 
tone. The  a-bromo  compound  gave  the  corresponding  iodo  compound 
in  almost  the  calculated  amotmt. 

7-Nitro-/9-phenyl-a-iodo-prop7l-(4-bromophenyl}  Ketonei  CHiNQr 
CH(C«H6)CHICOCeH4Br.— Equal  weights  of  the  a-bromo  compound 
and  potassium  iodide  were  dissolved  in  alcohol,  and  this  solution  boiled 
for  20  minutes.  The  mixture  was  then  cooled  and  poured  into  a  sdution 
of  soditun  thiosulf  ate  in  order  to  remove  a  trace  of  iodine  which  had  been 
liberated.  The  resulting  flocculent  predpitate  was  washed,  dried  and  re- 
crystallized  from  hot  alcohol.     It  separated  in  pale  yellow  rhombic  plates 
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and  melted  at  no®.    The  same  iodo  compoimd  was  obtained  by  similar 
treatment  of  the  lower  melting  a-bromo  compound. 

Calc  for  CuHuOiNBrl:  C.  40.5;  H,  2.7.    Found:  C,  40.6;  H,  2.7. 

CsHjCH— CHC0C«H4Br. 

i-Nitro-2-phenyl-3  (4-bromobenzoyl)cyclopropane9       \/ 

CHNO,. 
— For  the  purpose  of  eliminating  hydrogen  bromide  from  the  a-bromo 
compoimd  12  g.  of  fused  potassium  acetate  was  added  to  a  cooled  suspen- 
sion of  20  g.  of  the  finely  powdered  brotao  compound  in  80  cc.  of  alcohol. 
The  mixtiu-e  was  kept  in  ice  water  for  12  hours  during  which  time  most 
of  the  product  separated  as  fine  powder  suspended  in  a  brown  liquid. 
The  solid  was  filtered  off,  washed  with  alcohol  and  water  until  free  from 
turomide,  dried,  and  crystallized  from  alcohol  containing  a  little  benzene. 
One  crystallization  gave  a  pure  product  melting  at  131®.  Yield,  17  g., 
almost  the  calculated  amount. 

Calc.  for  CMHudNBr:  C,  555;  H,  3.5;  Br.  23.1.    Found:  C,  55.4;  H.  3.7;  Br.  22.9. 

The  cyclopropane  derivative  crystallizes  in  fine  needles.  It  dissolves 
freely  in  acetone,  carbon  tetrachloride,  benzene,  and  glacial  acetic  add, 
sparingly  in  alcohol,  and  is  almost  insoluble  in  petroleum  ether.  Its 
solution  in  acetone  does  not  reduce  permanganate.  It  is  more  easily 
purified  than  the  a-bromo  compounds.  For  its  preparation  in  quan- 
tity, therefore,  it  is  advantageous  to  use  in  place  of  pure  a-bromo  com- 
pounds the  crude  mixture  as  it  is  obtained  by  brominating  the  nitro 
ketone  in  carbon  tetrachloride  and  removing  the  solvent  as  completely 
as  possible  under  diminished  pressure. 

An  isomeric  cyclopropane  derivative  was  obtained  by  adding  potas- 
sium acetate  to  an  alcoholic  solution  of  the  7-bromo  bompound.  The 
reaction  takes  place  much  more  slowly  than  with  the  a-bromo  compound, 
hence  the  mixtiu-e  was  allowed  to  remain  at  the  ordinary  temperatiu-e  for 
4  days.  The  precipitated  solid  was  then  washed  and  recrystallized 
from  alcohol. 

Calc.  for  Ci«Hi,OjNBr:  C,  555;  H,  3.5.    Found:  C,  552;  H,  3.6. 

The  substance  crystallizes  in  fine  needles  and  melts  at  1 15  *'.  It  is  prob- 
ably formed  as  a  result  of  the  prolonged  contact  with  potassium  acetate 
because  we  found  that  the  derivative  melting  at  130®  is  transformed  into 
the  lower  melting  isomer  when  its  solution  in  alcohol  is  boiled  for  a  short 
time  with  potassium  acetate,  or  allowed  to  stand  in  contact  with  it  for 
several  days. 

A  third  isomeric  cyclopropane  derivative  is  formed  when  an  alcoholic 
suspension  of  either  of  the  other  two  is  treated  with  very  dilute  sodium 
methylate.  Thus  a  solution  of  one  g.  of  sodium  in  10  cc.  of  methyl  al- 
cohol was  added  in  small  portions  and  with  constant  shaking  to  a  suspen- 
sion of  10  g.  of  the  cyclopropane  derivative  melting  at  130**  in  150  cc.  of 
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methyl  alcx)hol  which  was  cooled  in  ice.  The  solid  gradually  dissolved 
and  a  new  product  began  to  separate  from  the  pale  yellow  solution  before 
all  the  alkali  had  been  added.  The  cooling  and  shaking  was  omtinued 
until  the  whole  voltmie  of  the  alcohol  was  filled  with  solid.  The  solid  was 
washed  with  cold  alcohol  until  free  from  alkali,  then  recrystallized  from 
boiling  alcohol.  The  substance  crystallized  in  needles  and  melted 
162-3  ®.  Its  solution  in  acetone  does  not  reduce  permanganate.  The  same 
substance  was  obtained  by  treating  the  isomer  melting  at  115^  in  a  similar 
manner. 

Calc.  for  CiiHuOiNBr:  C,  555;  H,  3^^.    Found:  C,  553;  H,  3.7. 

Addition  of  Hydrogen. — The  three  isomeric  cyclopropane  derivatives 
readily  combine  with  hydrogen  when  boiled  with  zinc  dust  and  alcohol, 
and  all  three  give  the  same  product — the  saturated  open-chain  nitro  ke- 
tone. The  following  experiment  illustrates  the  method  used  for  adding 
hydrogen. 

A  suspension  of  2  g.  cyclopropane  derivative  and  5  g.  of  zinc  dust  in 
80  cc.  of  80%  alcohol  was  boiled  for  a  little  more  than  an  hotu*,  then 
filtered  while  still  hot  to  remove  unchanged  zinc  and  zinc  oxide.  The 
filtrate,  on  cooling,  deposited  colorless  needles  which  melted  at  loi®. 
A  mixture  of  the  substance  and  the  saturated  nitro  ketone  melted  at  the 
same  temperature. 

Addition  of  hydrogen  chloride. — ^The  cyclopropane  derivative  melt- 
ing at  ISO*',  combined  very  readily  with  hydrochloric  add,  and  gave  the 
calculated  amount  of  addition  product.  An  alcoholic  suspension  of  the 
substance  in  a  thick  walled  bottle  was  cooled  in  ice  water  and  saturated 
with  hydrogen  chloride  at  0°.  The  bottle  was  then  seciurely  stoppered 
and  allowed  to  stand  for  24  hours  at  the  ordinary  temperature.  The  crys- 
talline suspension  disappeared  and  the  product  separated  as  an  oil  which 
turned  into  a  solid  cake.  This  was  crushed,  washed  until  free  from 
add,  and  crystallized  from  alcohol  and  benzene. 

Calc  for  CieHuOiNClBr:  C,  50.2;  H,  3.6.    Found:  C,  50.1;  H,  3.4. 

j9-Nitro-7|7-phen7l-chloropropyl-(4-bromophenyl)  Ketone,  QHi- 
CHClCHNO,CH2COC6H4Br.— The  hydrochloric  add  addition  product 
crystallizes  in  long,  slender  needles  which  melt  at  133®.  It  is  readily 
soluble  in  chloroform,  acetone,  and  benzene,  sparingly  in  alcohol  and 
ether,  insoluble  in  ligroin.  Alcoholic  solutions  gradually  become  strong^ 
add  even  at  the  ordinary  temperature  and  at  the  boiling  point  of  alcohol 
the  addition  product  rapidly  changes  into  other  substances. 

7,7-Phenyl-chloroalfyl-(4-bromophenyl)  Ketone,  C«HftCCl  =  CHCHr 
COC6H4Br. — A  suspension  of  5  g.  of  the  powdered  chloro  compound  and 
5  g.  of  potassium  acetate  in  25  cc.  of  alcohol  was  allowed  to  remain  at  the 
ordinary  tmperature  for  12  hoiu^  during  which  it  changed  to  an  aggre- 
gate of  well-formed  crystals.    These  were  washed  with  cold  alcohol  and 
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water  and  dissolved  in  boiling  alcohol.     The  solution  yielded  two  sub- 
stances in  approximately  equal  amounts. 

The  first  crop  consisted  mainly  of  a  colorless  substance  which  separated 
in  downy  needles  and  when  pure  melted  at  179-80®.  This  substance 
contained  no  nitrogen,  was  sparingly  soluble  in  alcohol  but  dissolved  freely 
in  chloroform,  acetone  and  benzene. 

Calc  for  CMHwOClBr:  C,  574;  H,  3.6.    Found:  C,  58.2;  H,  3.8. 

Later  crops  consisted  mainly  of  a  yellow  substance  which  was  much 
more  readily  soluble  in  alcohol,  separated  in  plates,  and  melted  at  108-9®. 
Calc.  for  CnHifOClBr:  C,  574;  H,  3.6.    Found:  C57.5;  H,  3.9. 

These  substances  are  evidently  geometrical  isomers;  they  have  the 
same  composition,  and  reduce  permanganate  with  equal  ease — showing 
the  presence  of  an  ethylene  linkage — and  the  chlorine  is  equally  imre- 
active  in  both,  indicating  that  in  each  it  is  connected  with  an  unsaturated 
carbon  atom.  Definite  proof  of  the  structure  of  these  substances  was 
obtained  by  oxidation. 

The  substances  rapidly  reduced  permanganate,  but  the  only  organic 
oxidation  products  that  could  be  isolated  were  benzoic  ^d  /'-bromobenzoic 
adds.  It  was  necessary,  therefore,  to  resort  to  ozone  as  oxidizing  agent. 
Ozonized  oxygen  containing  3%  ozone  and  a  trace  of  moisture  was  slowly 
passed  through  a  carbon  tetrachloride  solution  of  the  yellow  substance 
until  ozone  was  present  in  excess.  The  solution  gradually  deposited  a 
colorless  solid,  which  melted  at  244®.  This  was  />-bromobenzoic  acid — 
identified  by  melting  a  mixttu-e  of  the  substance  with  a  sample  on  hand. 

The  filtrate  from  the  bromobenzoic  acid,  when  evaporated  under 
diminished  pressure,  left  a  colorless  oil  which  attacked  the  eyes  and  had 
the  odor  of  benzoyl  chloride.  The  liquid  was  dissolved  in  dry  ether  and 
treated  with  excess  of  aniline.  This  gave  a  solid  which  after  recrystalliza- 
tion  from  boiling  alcohol  melted  at  160®  and  was  identified  as  benzanilide. 
The  principal  oxidation  products  of  the  yellow  compound  are,  therefore, 
benzoyl  chloride  and  ^-bromobenzoic  add.  The  white  isomer,  treated 
in  the  same  way,  gave  the  same  products. 

These  results  establish  the  structure  of  the  hydrochloric  add  addi- 
tion product  as  well  as  that  of  the  unsaturated  cUoro  ketones  obtained 
from  it.  The  structure  of  the  latter  was  determined  with  great  care  be- 
cause this  mode  of  loss  of  nitrous  add,  in  which  the  hydrogen  comes  from 
the  7-  instead  of  the  a-position  was  unexpected. 

CeHfiCHClCHNOiCHjCOCeHar  — >  CeHsCCl  =  CH  —  CH2COC8H4Br. 

CH  =  C  —  CeHi 

i-Phen3^-5-(4-bromophenyl)    FuranCi  yO  .  —  The   hy- 

CH  =  C  —  C«H4Br 
drogen  chloride  addition  product  like  the  corresponding  substance  from 
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the  bromine  free  analog  rapidly  lost  both  hydrochloric  and  nitrous 
adds  when  boiled  in  alcoholic  solution.  The  product  separated  in  almost 
the  calculated  quantity  when  the  solution  was  allowed  to  cool. 

Calc.  for  CieHuOBr:  C,  64.2;  H,  3.7.    Found:  C,  64.1;  H,  4.0. 

The  furane  derivative  crystallizes  in  colorless  or  very  pale  yellow  flakes, 
and  melts  at  127  °.  It  is  very  sparingly  soluble  in  alcohol  and  ether,  more 
readily  in  acetone  and  benzene.  Its  solution  in  acetone  does  not  reduce 
permanganate. 

Addition  of  Hydrogen  Bromide. — ^The  cyclopropane  derivatives  gave 
two  isomeric  addition  products  depending  upon  the  manner  in  which  the 
addition  was  brought  about.  When  either  the  substance  melting  at  130^, 
or  its  isomer  melting  at  162  ^,  is  added  to  glacial  acetic  add  which  has  been 
previously  saturated  with  hydrogen  bromide,  it  dissolves  rapidly,  the  pro- 
duct begins  to  separate  almost  immediately  and  the  reaction  is  onn- 
plete  in  a  few  minutes.  The  substance  obtained  in  this  way  was  purified 
by  recrystallization  from  benzene-Ugroin  and  was  thus  obtained  in  color- 
less needles  which  mdted  with  decomposition  at  144^. 

Calc.  for  CieHiaOiNBrt:  C,  45.0;  H,  3.0.    Found:  C,  44.8;  H,  3.3. 

Each  of  the  two  cydopropane  derivatives  gave  an  isomeric  substance 
when  solutions  in  gladal  acetic  add  were  gradually  saturated  with  hydro- 
gen bromide  at  o**  and  then  allowed  to  stand  for  12  hours.  The  product 
in  this  case  separated  in  long  needles  which  after  oystallization  from 
benzene-ligroin  mdted  at  133  **. 

Calc.  for  CieHisOjNBrj:  C,  45.0;  H,  3.0.     Found:  C,  44.9;  H,  3.0. 
Both  of  these  addition  products  when  boiled  with  alcohol  give  the  same 
i-phenyl-5-(4-bromophenyl)    furane;    they    are,    therefore,    constituted 
like  the  corresponding  hydrogen  chloride  addition  product. 

7-Phenyl-/8-nitro-alkyl-(4-bromophcnyl)  Ketone,  CeUCH  =  CNOi- 
CHjC0C«H4Br. — Unlike  the  hydrogen  chloride  addition  product,  the 
bromine  compound  loses  halogen  add  more  easily  than  nitrous  add. 
Thus  when  10  g.  of  the  substance  and  5  g.  of  potassium  acetate  were  sus- 
pended in  30  cc.  of  alcohol,  the  substance  dissolved  rapidly,  the  solution 
turned  light  brown  in  color  and  a  colorless  product  separated  in  a  short 
time.  This  was  washed,  dried  and  recrystallized  from  a  mixture  of  car- 
bon tetrachloride  and  ligroin  from  which  it  separated  in  colorless  needles, 
mdting,  with  decomposition,  at  162-3°. 

Calc.  for  CieHitOiNBr:  C,  55-5;  H,  3.5.    Found:  C,  56.5;  H,  3.6. 
The  substance  is  extremdy  unstable,  and  the  high  values  are  doubtless 
due  to  loss  of  nitrous  add  during  purification. 

Addition  of  Bromine. — ^The  cydopropane  derivatives  are  not  at- 
tacked by  bromine  at  the  ordinary  temperature,  even  when  exposed  to 
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direct  sunlight.  A  slow  but  complete  reaction  can  be  obtained,  however, 
under  the  combined  effect  of  heat  and  direct  sunlight,  provided  both  the 
reagents  and  the  solvent  are  perfectly  dry. 

a,7^Dibromo-i3-phen]^-IM:opyl-(4-bromophen]^)  Ketone^  CeHsCHBr- 
CHNO,CHBrCOC«H4Br.— A  saturated  carbon  tetrachloride  solution 
containing  33  g.  of  the  cyclopropane  derivative  melting  at  130**  and  17 
g.  of  bromine  were  boiled  in  the  sunlight  for  several  days.  The  only  evi- 
dence of  reaction  was  a  slow  deposition  of  solid  from  the  hot  solution, 
and  the  boiling  was  continued  as  long  as  this  appeared  to  increase  in  quan- 
tity. The  solid  was  recrystallized  from  carbon  tetrachloride.  This  gave 
33  g.  of  a  colorless  product  which  melted  at  162-3  ®. 

Calc.  for  CiiHisOtNBn:  C,  379;  H,  2.4.    Found:  C,  37.6;  H,  2.6. 

The  filtrate  from  this  substance  on  slow  evaporation  deposited  two 
more  solid  products.  These  were  separated  by  reoystallization  from 
benzene.  The  more  soluble  of  the  two  crystallized  in  rhombic  plates  which 
melted  at  137**.  The  analyses  show  that  this  is  an  isomeric  bromine 
addition  product. 

Calc.  for  CuHuOiNBri:  C,  37-9;  H,  2.4.    Found:  C,  38.2;  H,  2.5. 

These  two  bromine  addition  products  were  obtained  by  another  re- 
action that  leaves  no  doubt  as  to  their  structiu-e.  The  7-bromo  com- 
pound obtained  by  adding  hydrogen  bromide  to  the  cyclopropane  de- 
rivative readily  reacts  with  bromine,  as  would  be  expected,  and  the  two 
products  of  the  reaction  are  identical  with  those  obtained  by  addition  of 
bromine  to  the  cyclopropane  derivative: 
CeEUCHBrCHNOiCHiCOCeHiBr  +  Bn  = 

CeHfiCHBrCHNOzCHBr  C0CeH4Br. 

7-Phenyl-j8-nitro-propenyl-(4-bromophenyl)   Ketone, 

CHtCHjC  :  CHCOCeHiBr 

I  . — ^The  bromine  addition  products  are  reactive 

NO, 

substances  but  they  gave  unmanageable  mixtures  with  nearly  all  reagents 
capable  of  replacing  bromine  or  of  eliminating  hydrogen  bromide.  Potas- 
sium iodide  was  an  exception,  as  it  gave  a  crystalline  product  in  good  )delds. 
Four  g.  of  potassium  iodide  was  added  to  a  solution  of  2  g.  of  the  brom- 
ine compound  (162**)  which  had  been  cooled  to  o®.  Iodine  began  to 
separate  at  once.  The  solution  was  allowed  to  remain  in  an  ice  chest 
for  2  da3rs,  then  evaporated  in  a  current  of  air.  The  residue  was  washed 
with  thiosulf ate  solution,  dried,  and  recrystallized  from  alcohol  and  benzene. 
It  crystallized  in  yellow  plates  and  melted  at  115**. 

Calc.  for  CieHiiOiNBr:  C,  554;  H,  34-    Found:  C,  354;  H,  3.9. 
The  substance  is  moderately  soluble  in  alcohol,  readily  in  benzene,  ace- 
tone, and  chloroform.    Its  solution  in  acetone  readily  reduces  perman- 
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ganate.  The  oxidatioii  products,  phenylacetic  add  melting  at  76^  and 
/>-bromo-benzcMC  add,  were  identified  by  comparison  with  spedmois  on 
hand.  The  third  product  of  the  reaction  between  bromine  and  the 
cydopropane  derivative  was  obtained  as  a  very  fine  crystalline  powder 
which  is  sparingly  soluble  in  benzene  and  alcohcd  and  whidi  mdts  at 

190-3  *"• 

Calc.  for  CitHitBr40:  C,  35-6;  H,  2.2.    Found:  C,  358;  H,  2.2. 

The  substance  contains  no  nitrogen.  It  is  very  unreactive,  under- 
going no  change  when  boiled  with  alcoholic  potassium  acetate  (x  sodium 
alcoholate.  It  is,  therefore,  probably  a  furane  derivative  formed  by  loss 
of  nitrous  add  dtuing  the  protracted  bcnling  and  addition  of  bromine  to 
the  product^  but  the  facts  at  hand  do  not  warrant  a  definite  condusion. 

Action  of  Sodium  Methylate. — ^As  was  stated  earlier  in  the  paper,  di- 
lute soditun  methylate  turns  the  lower  mdting  cydopropane  derivatives 
into  the  highest  mdting  isomer  and  the  concentrated  methylate  as  well 
as  soditun  hydroxide  gives  a  /9-diketone.  A  possible  intermediate  prod- 
uct in  this  reaction  was  obtained  as  follows:  A  solution  of  5  g.  of  sodium 
in  the  minimum  quantity  of  dry  methyl  alcohol  was  added  to  60  g.  of 
the  findy  powdered  cydopropane  derivative  (130°)  previously  moistened 
with  a  little  dry  methyl  alcohol.  The  temperatiue  of  the  mixtiue  was 
kept  at  o**  throughout  the  addition.  The  cydopropane  derivative  slowly 
dissolved,  sodium  nitrite  deposited  on  the  walls  of  the  vessd  while  an- 
other white  solid  crystallized  from  the  red  solution.  The  mixture  was 
kept  at  o**  for  several  hours,  then  cooled  in  a  freezing  mixtiue  and  addified 
with  a  solution  of  the  calculated  amount  of  gladal  acetic  add  in  300  cc. 
of  ether. 

The  resulting  paste  which  changed  from  red  to  yellow  during  addifica- 
tion,  was  poured  into  cracked  ice  contained  in  a  separatory  fimnd,  the 
ethereal  layer  washed  with  water,  dried,  and  allowed  to  evaporate.  The 
residue  contained  8  g.  of  a  colorless  solid  contaminated  with  a  small 
quantity  of  yellow  oil.  The  soUd  was  purified  by  recrystallization  from 
methyl  alcohol. 

Calc.  for  CnHuOiBr:  C,  61.6;  H,  4.6.    Found:  C,  61.3;  H,  4.6. 

The  substance  is  readily  soluble  in  alcohcd  and  ether.  It  crystallizes 
in  thin  needles  and  mdts  at  102-3**.  Its  structure  was  established  by 
oxidation  with  permanganate  which  was  carried  out  as  follows:  2.5  g. 
of  findy  powdered  potassitun  permanganate  was  added  in  very  small 
portions  to  a  solution  of  3.2  g.  of  the  substance  in  pure  acetone,  which  was 
kept  at  o^  until  the  reduction  of  the  permanganate  wos  ctnnplete.  The 
salts  and  oxides  of  manganese  were  filtered  off  and  the  filtrate  evaporated 
under  diminished  pressure.  It  left  a  small  quantity  of  solid  imbedded  in 
an  oil  that  had  the  odor  of  methyl  phenylacetate. 
1  Perkins,  /.  Chem,  Soc,  57,  954  (1890). 
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The  oil  was  distilled  with  steam  and  hydrolyzed  with  potassium  hy- 
droxide. It  gave  a  solid  acid  which  melted  at  76°.  A  mixture  of  the 
substance  and  phenyl  acetic  acid  likewise  melted  at  this  temperature. 
The  oily  oxidation  product  was,  therefore,  methyl  phenylacetate. 

The  solid  left  behind  after  removing  the  ester  by  steam  distillation 

proved  to  be  unchanged  substance,  and  the  add  obtained  by  treating  the 

salts  and  oxides  of  manganese  with  sodium  hydrogen  sulfite  and  dilute 

add  was  identified  as  bromo-benzoic  acid.    These  oxidation  products 

— ^methyl  phenylacetate  and  />-bromo-benzoic  add — show  that  the  formula 

of  the  methoxy  compound  must  be 

CJIftCHjC  =  CHCOC«H»Br 

I 
OCH, 

Plienacetyl-(4-bromobenz7l)  Methane,  CoH6CHsCOCH2COC«H4Br.— 
The  methoxyl  compound  is  easily  hydrolyzed  when  boiled  with  a  few 
drops  of  hydrochloric  add  in  aqueous  alcohol.  The  product  separated, 
on  cooling,  in  rhombic  plates  melting  at  80-1  ®. 

Cak.  for  CiTHuOjBr:  C,  60.5;  H,  4.1.    Found:  C,  60.4;  H,  4.3. 

The  diketone  is  readily  soluble  in  all  common  organic  solvents  except 
ligroin.  When  its  ethereal  solution  is  shaken  with  an  aqueous  solution 
of  copper  acetate  it  forms  a  pale  green  copper  derivative  which  is  sparingly 
soluble  in  ether  but  dissolves  fairly  readily  in  benzene.  The  diketone 
can  be  obtained  directly  from  any  of  the  cyclopropane  derivatives  by  dis- 
solving it  with  alcoholic  sodium  hydroxide,  addifjring,  extracting  with 
ether,  and  predpitating  the  diketone  as  copper  derivative. 

Cambbidoh,  Mass. 
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TRIPHENYLMETHYL.    XXIX.    A  STUDY  OF  THE  PROPERTIES 
OF  DIPHENYL-a-NAPHTHYLMETHYL. 

By  M.   GOMB8RO  AND  C.   S.   SCHOBPFW.* 
Received  July  22.  1919. 

I.  Introduction. 
Although  the  existence  of  a  large  number  of  triarybnethyls  has  been 
established,  the  various  investigators  in  this  fidd  have  been  content  to 
prepare  the  free  radicals  in  solution  only  and  to  show  that  such  solutions 
on  exposure  to  air  give  rise  to  the  corresponding  peroxides.  In  a  limited 
number  of  cases  the  triarybnethyls  were  actually  isolated  and  the  molec- 
ular wdght  of  the  free  radical  determined,  and  in  a  few  instances  ab- 
sorption spectra  have  been  taken.  But  in  no  case  except  that  of  tri- 
phenylmethyl  have  the  chemical  and  physical  properties  of  the  free 
^  The  work  described  in  this  article  and  in  the  artide  published  in  Tms  Journal, 
39y  1652  (1917),  forms  part  of  a  thesis  presented  by  C.  S.  Schoepfle  in  partial  fulfillment 
of  the  requirements  for  the  degree  of  Doctor  of  Science  in  the  University  of  Michigan. 
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radical  been  thoroughly  investigated.  The  question  arises:  Are  all  the 
peculiar  physical  and  chemical  properties  of  triphenylmethyl  characteristic 
of  the  triarylmethyls  as  a  class,  or  do  some  of  them  apply  only  to  certain 
individuals  in  this  dass?  It  therefore  seemed  desirable  to  study  care- 
fully and  fully  other  members  of  the  triarylmethyls,  and  thus  compare 
their  properties  and  reactions  with  those  of  triphenylmethyl.    For  this 


purpose  the  radical  diphenyl-a-naphthylmethyl,  ^     y — C — \^     y,  was 

chosen  as  it  is  readily  prepared  and  can  be  obtained  in  very  pure  state. 
Moreover,  it  gave  promise  of  most  interesting  results  for  it  was  known, 
according  to  preliminary  experiments,^  to  exist  in  solution  largely  in  the 
mono-molecular  phase.  Being  thus  much  more  highly  dissociated, 
diphenyl-a-naphthylmethyl  prestunably  should  show  a  correspondingly 
greater  degree  of  tmsaturation  than  triphenylmethyl,  and  should  exhibit 
a  greater  reactivity  than  the  latter.  In  what  way  would  this  affect  the 
peroxide  factor,  and  the  equiUbrium  with  iodine?  And  would  this  free 
radical  give  additive  compounds  more  stable  than  those  given  by  tri- 
phenylmethyl? Would  it  isomerize  under  the  influence  of  hydrochloric 
add  similarly  to  triphenylmethyl? 

The  exact  knowledge  of  the  molecular  state  of  diphenyl-a-naphthyl- 
methyl was  considered  of  utmost  importance,  since  it  is  the  tendency 
towards  dissodation  into  half-molecules  that  imparts  to  the  hexa-aryl- 
ethanes  their  distinctive  reactivity.  A  comparison  of  the  molecular 
state  of  aggregation  of  diphenyl-a-naphthylmethyl  with  that  of  tri- 
phenylmethyl should  permit  one  to  judge  whether  the  extent  of  actual 
dissociation,  t.  e.,  the  relative  amount  of  free  radical  actually  present, 
is  really  the  cause  for  the  difference  in  chemical  reactivities  of  the  tri- 
arylmethyls among  themsdves. 

The  molecular  state  of  these  compounds  has  recdved  more  attention 
than  any  other  single  attribute,  for  the  reason  that  this  was  supposed 
to  furnish  the  condusive  answer  to  the  query — can  carbon  function  in 
the  trivalent  state?  But  the  number  of  free  radicals,  the  molecular 
state  of  which  has  been  determined  with  exactness,  is  after  all  limited. 
None  the  less,  it  may  be  considered  at  the  present  time  as  fairly  well 
established  that  the  molecular  state  of  triarylmethyls  is  best  represented 
by  the  general  expression  which  covers  both  the  tautomerization 
phenomenon  and  the  dissociation  phenomenon:' 

»  This  Journai*,  39, 1668  (1917). 

*  Ber,,.46^  228  (1913). 
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(I)  RiC—CR, 

ti      -         H 


RjC  (III) 


11 


RiCiC       X  (IV) 


In  other  words,  there  is  a  tautomeric  equilibrium  between  two  di- 
molecular  modifications,  the  benzenoid  hexa-aryl  ethane  (I)  and  its 
quinonoid  modification  (II);  also  between  two  monomolecular  modifica- 
tions, the  benzenoid  triarylmethyl  (III),  wherein  the  central  carbon 
atom  is  trivalent,  and  the  quinonoid  modification  (IV),  in  which  the 
/?ara-carbon  atom  assumes  the  trivalent  state.  The  experimental  evi- 
dence upon  which  is  based  the  assumption  of  the  existence  of  a  tauto- 
meric pair  in  the  dimolecular  and  in  the  monomolecular  phases  of  the  tri- 
arylmethyls  has  been  dealt  with  in  previous  papers.  The  validity  of 
that  evidence  has  not  been  impaired,  in  our  opinion,  by  any  subsequent 
results.  The  new  experimental  evidence  contributed  in  this  paper  deals 
with  the  dissociation  phenomenon  only  and  has  no  direct  bearing  on  the 
tautomerism  phenomenon.  For  this  reason,  the  tautomerism  question 
will  be  left  out  of  consideration  for  the  sake  of  simplicity  in  the  following 
discu^on;  the  dissociation  phenomenon  alone  will  be  considered,  and 
as  if  occurring  only  in  the  following  sense: 

RsC  —  CR«  :^  2R8C. 

Factors  Influencing  Degree  of  Dissociation. — It  is  evident  that  the 
xtent  of  the  dissociation  must  differ,  primarily,  with  the  nature  of  the 
free  radical.  Triphenylmethyl  exists  largely  in  the  dimolecular  state, 
but  triarylmethyls  containing  biphenyl  groups  are  monomolecular  to  the 
extent  of  15%,  80%,  and  100%,  respectively,  according  to  the  number 
of  biphenyl  groups  in  the  molecule.^  The  hypothesis,  however,  that  the 
dissociation  of  the  hexa-aryl  ethanes  is  proportional  to  the  complexity 
of  the  aryl  groups  has  been  shown  to  be  untenable.  From  the  study  of 
the  molecular  weights  of  a  selected  group  of  triarylmethyls  it  was  foimd 
impossible  to  formulate  the  relation  between  the  complexity  of  the  aryl 
groups  on  the  one  hand  and  the  tendency  of  these  ethanes  towards  dissocia- 
tion into  free  radicals  on  the  other.* 

Other  factors  which  may  influence  the  equilibrium  between  the  mono- 
molecular and  the  dimolecular  modifications  in  solution,  are  the  nature 
of  the  solvent,  the  concentration  of  the  solute,  and  the  temperattu-e  of 
the  solution.  The  question  as  to  whether  the  nature  of  the  solvent  exerts 
an  influence  on  the  extent  of  dissociation  could  only  be  finally  settled 
by  a  set  of  molecular  weight  determinations  on  a  given  triarylmethyl  in 

>  Sdilenk,  Weickel  and  Herzenstein,  Ann.,  394,  186  (19x2) ;  Ber.,  43,  1756  (1910); 
Ann.,  37a,  4  (1909);  Schmidlin  and  Garcia-Banus,  Ber.,  45,  3176  (1912). 
•  This  Journal,  39, 1672  (1917)- 
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various  solvents  which  freeze  approximately  at  the  same  temperatm*e. 
But  it  is  doubtful  whether  this  factor  is  of  appreciable  influence,  barring 
of  course  such  instances  where  chemical  combination  between  solute 
and  solvent  occur.  We  have  assimied  that  this  influence  is  practically 
negligible,  and  the  results  herein  described  support  this  assumption. 

Piccard,^  Schmidlin,*  and  others  have  studied  by  different  methods 
the  effect  of  the  concentration  upon  the  degree  of  dissociation  of  the 
hexa-suylethane  in  solution.  The  writers'  have  determined  with  pains- 
taking accuracy  the  molecular  weight  of  7  different  triarylmethyls  in 
naphthalene  as  a  solvent,  with  concentrations  ranging  from  i  to  6%. 
The  results  obtained  show  unmistakably  that,  in  every  case,  the  dissocia- 
tion of  the  hexa-aryl  ethanes  into  free  radicals  increases  with  dilution 
of  the  sohite,  and  in  some  cases  reaches  100%.  It  remained  to  study  the 
third  factor  which  must  influence  the  equilibrium  between  the  mono- 
molecular  and  the  dimolecular  phase  of  the  free  radical,  namely  the  effect 
of  temperature.  Some  work  in  this  respect  has  been  done  in  the  past, 
but  mostly  of  qualitative  nature.*  We  have  now,  with  this  end  in  view, 
determined  very  carefully  the  molecular  weight  of  diphen3d-a-naphthyl- 
methyl  in  a  number  of  different  solvents  whose  freezing  points  cover  a 
wide  range  of  temperature,  5®  to  80®.  The  results,  it  is  believed,  ^ttle 
the  mooted  question  as  regards  the  decided  increase  of  dissociation  with 
increase  of  temperature,  at  least  in  the  instance  of  this  particular  free 
radical. 

The  object,  then,  of  this  investigation  has  been:  (i)  having  selected  a 
compound  possessing  a  considerably  greater  degree  of  dissociation  than 
triphenylmethyl,  to  determine  whether  this  attribute  would  be  accom- 
panied by  an  enhancement  of  the  various  chemical  characteristics  typical 
to  triphenylmethyl;  (2)  to  determine  with  a  high  degree  of  accuracy 
the  molecular  weight  of  this  free  radical  in  various  solvents  covering  a 
wide  range  of  temperature,  in  order  to  ascertain  the  influence  of  tem- 
perature on  the  molecular  state  of  the  free  radical. 

2.  Chemical  Reactions  of  Diphenyl-o-naphthylmethyL 

Preparation  of  Diphenyl^o-naphthylmethyl  Chloride. — ^Attempts  were 
made  to  prepare  the  required  diphenylnaphthylmethyl  chloride  by  the 
Friedel  and  Crafts'  reaction,  condensing  benzophenone  chloride  with 
naphthalene.  The  diphenylnaphthylmethyl  chloride  thus  obtained  is 
almost  colorless,  and  upon  one  recrystallization  melts  sharply  at  169®. 
The  yield,  however,  is  never  more  than  20%.  The  use  of  ferric  chloride 
in  place  of  aluminium  chloride  gave  no  better  results. 

Mnn.,  381,  347  (1911). 

*  "Das  Triphenylmethyl/'  Ferdinand  Enke,  1914,  p.  67. 

*  Tms  Journal,  39,  1664  (1917)- 

*  Schlenk  and  Mair,  Ann.,  394,  179  (1912);  Schmidlin,  Ber.,  45,  3180  (1912). 
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An  attempt  was  next  made  to  apply  a  modified  Grignard  reaction, 
namely  to  combine  benzophenone  chloride  with  a-naphthyl  magnesium 
bromide.  But  this  gave  an  impure  product  which  could  not  be  crystal- 
lized either  as  the  carbinol  or  the  chloride  even  after  purification  by 
boiling  with  charcoal.  Consequently  it  was  decided  to  revert  to  the 
regular  Grignard  reaction,  employing  benzophenone  and  a-naphthyl 
magnesium  bromide.  This  gives  about  an  80%  yield  of  diphenylnaphthyl 
carbinol.  To  obtain  the  corresponding  chloride,  the  carbinol  is  dissolved 
in  benzene  and  the  amount  of  acetyl  chloride  required  to  replace  the 
hydroxy  group  by  chlorine  is  added.  Upon  concentrating  the  solution, 
the  diphenylnaphthylmethyl  chloride  is  obtained  in  large,  colorless  aystals 
which  melt  at  1 70-1 71**.  The  product  was  always  recrystallized  from 
benzene  to  remove  any  traces  of  add. 

If  the  solution  of  diphenyl-a-naphthyl  carbinol  is  treated  with  acetyl 
bromide  in  place  of  acetyl  chloride,  the  corresponding  bromide  is  formed. 
The  crystals  are  colorless  and  melt  at  165-166*^,  with  slight  decomposi- 
tion. The  bromide  is  quite  stable  and  agrees  with  the  chloride  in  all  its 
properties. 

Calc.  for  CnHnBr:  Br,  214.    Pound:  21.6. 

By  treating  a  solution  of  diphenyl-a-naphthylmethyl  chloride  in  ab- 
solute alcohol  with  sodium  ethoxide,  or  by  passing  hydrogen  chloride 
into  an  alcoholic  solution  of  either  the  carbinol  or  the  chloride,  diphenyl- 
naphthyl ethyl  ether  is  obtained  in  well-defined,  colc»rless  crystals  which 
melt  at  132  *'. 

o 

The  Free  Radical,  (C«H6)2C — <^     \ — ^To  prepare  the  free  radical,  4  g. 

of  diphenyl-a-naphthylmethyl  chloride  and  4  g.  of  molecular  silver  are 
placed  in  a  100  cc.  bottle,  and  enough  dry  benzene  added  to  almost  fill 
the  bottle  which  is  then  tightly  corked.  After  several  hours*  shaking, 
the  reaction  is  complete.  The  cork  is  now  removed,  and  there  is  quickly 
inserted  the  glass  connection  which  permits  the  siphoning  off  of  the  clear 
Uquid  into  the  standard  apparatus  wxiich  has  been  fully  described  in 
previous  papers.^  The  benzene  is  distiUed  off  under  reduced  pressure 
and  the  product  recrystallized  from  hot  acetone,  air  of  course  being  ex- 
cluded. The  solvent  is  drawn  off  and  the  crystalline  diphenylnaphthyl- 
methyl is  washed  several  times  with  acetone,  and  then  dried  imder  re- 
duced pressure  in  a  slow  stream  of  carbon  dioxide,  the  crystals  remaining 
all  the  while  in  the  same  apparatus.  As  a  rule,  from  1.5  to  2  g.  of  the 
free  radical  was  obtained,  the  yield  being  sacrificed  to  favor  a  purer 
product. 

^  Gomberg  and  Cone,  Ber.,  37, 2033  (1904) ;  Gomberg  and  Schoepfle,  This  Journal, 
39»  1659  (19x7). 


Digitized  by 


GooQle 


l66o  M.   GOMBERG  AND  C.   S.   SCHOEPFLE. 

The  solution  of  diphe;^ylnaphthylmethyl  has  a  deep  reddish  brown 
color,  but  the  crystals  obtained  are  practically  colorless,  becoming  light 
yellow  upon  standing.  When  heated  in  an  atmosphere  of  carbon  dioxide, 
they  turn  brown  at  about  130 '^  and  melt  at  135-137*^,  although  the  melt- 
ing point  is  not  sharp. 

Action  of  Oxygen. — ^When  the  deeply  colored  solution  of  diphenyl- 
naphthylmethyl  is  exposed  to  oxygen  or  air  it  is  rapidly  decolorized  and  a 
crystalline  peroxide  is  formed.  Diphenylnaphthylmethyl  peroxide  is 
practically  insoluble  in  ether,  petroleum  ether  or  benzene,  but  is  slightly 
soluble  in  hot  carbon  tlisulfide  from  which  it  crystallizes  in  very  fine, 
colorless  crystals,  melting  at  1 72-1 73 '^  with  decomposition. 

In  the  formation  of  the  peroxide,  the  theoretical  amount  of  oxygen  is 
absorbed  in  accordance  with  the  equation: 

2(CeH5)2  :  C.CioHT  +  O2 —^  (CeHs), :  C  —  O  — O-C  :  (C«H5), 

I  I 

C10H7  C10H7 

The  apparatus  used  in  measuring  the  absorption  of  oxygen  by  tri- 
arylmethyls  has  been  described  in  detail  in  a  previous  paper.*  It  con- 
sists of  a  175  cc.  absorption  bottle  which  is  connected  with  a  water- 
jacketed  gas  buret  provided  with  a  leveling  tube  containing  bromo- 
benzene.  A  weighed  sample  of  diphenylnaphthylmethyl  chloride  and  an 
equal  amount  of  molecular  silver  are  put  in  a  small  test  tube  which  is 
then  filled  with  bromobenzene  and  quickly  sealed.  After  several  hours* 
shaking,  the  tube  is  placed  in  the  absorption  bottle,  covered  with  about 
25  cc.  of  bromobenzene,  and  the  bottle  sealed  with  paraffin  and  sub- 
merged in  a  large  pail  of  water  which  is  kept  at  the  desired  temperature. 
The  apparatus  is  now  filled  with  dry  oxygen,  and  after  the  temperature 
has  become  constant,  the  bottle  is  shaken  to  break  the  tube.  The  ab- 
sorption is  measured  by  means  of  the  buret,  and  calculated  on  the  basis 
that  the  diphenylnaphthylmethyl  chloride  taken  had  given  the  theoretical 
amount  of  free  radical.  During  the  course  of  the  experiment,  the  tem- 
perature of  the  bottle  and  the  buret  was  kept  constant  while  corrections 
were  applied  to  allow  for  changes  in  barometric  pressure. 

As  in  the  case  of  triphenylmethyl,  the  absorption  proceeds  at  a  very 
rapid  rate,  being  complete  within  a  few  minutes  if  sufficient  bromo- 
benzene is  used  to  keep  all  of  the  free  radical  in  solution  (Expts.  1-3). 

We  have  also  determined  the  amount  of  oxygen  absorbed  when  the 
crystalline  free  radical  is  similarly  treated.  The  sample  in  the  form  of 
pellets  was  put  in  a  small  test  tube  which  was  then  filled  with  bromo- 
benzene and  quickly  sealed.  The  amount  of  absorption  was  somewhat 
smaller  in  this  case  than  in  the  preceding  experiments,  doubtless  due  to  a 
1  Tras  JoxjRNAi,,  39,  X66l  (XQX?)- 
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slight  oxidation  which  took  place  during  the  time  required  for  sealing 
the  tube  (Expts.  4  and  5). 

Wt.  of  sample. 

* '  Oxygen  absorbed.! 

Diphenyl-  Diphenyl-  ' ■ » 

napthylmethyi  naphthyl-  %  of 

chloride.   G.  methyl.   G.  Cc.         calculated. 

1  With  oxygen i.ooo  ...  33.0  97 

2  With  oxygen 1.013  ...  34.2  99 

3  With  air i.oii  ...  32.7  95 

4  Wtthozygen 1.029  36.2  92 

5  With  oxygen 1.142  40.7  93 

In  spite  of  the  fact  that  the  theoretical  amount  of  oxygen  is  absorbed, 
diphenylnaphthylmethyl,  like  triphenylmethyl,  does  not  give  the 
theoretical  amoimt  of  peroxide.  To  determine  the  amoxmt  of  peroxide 
formed,  the  sample  of  the  free  radical  was  dissolved  in  ether  and  oxidized 
by  passing  air  through  the  solution.  The  precipitated  peroxide  was 
transferred  to  a  modified  Gooch  crucible,  washed  with  ether,  then  dried 
and  weighed. 

wt.  of  diphenyl-  Wt.  of  per-  %  of  tbeo- 

naphthylmethyl.   G.  oxide.   G.  retfcal  amount. 

1 1.280  1. 160  86 

2 1.251  I   133  86 

3 1.595  1.446  86 

Therefore,  for  diphenylnaphthylmethyl  we  have  a  remarkably  constant 
peroxide  factor  of  86%.  If  benzene  is  used  as  the  solvent  in  place  of 
ether,  the  factor  is  somewhat  lower  varying  from  80%  to  82%. 

Absorption  of  Iodine. — If  a  solution  of  iodine  in  benzene  or  carbon 
disulfide  is  added  to  a  solution  of  diphenylnaphthylmethyl,  the  dark 
color  of  iodine  instantly  disappears,  and  the  absorption  of  iodine  continues 
until  approximately  60%  of  the  free  radical  has  been  titrated.  A  weighed 
sample  of  diphenylnaphthylmethyl  is  placed  in  a  bottle  frcMtn  which  the 
air  is  completely  removed  by  successively  exhausting  and  filling  with 
carbon  dioxide.  Enough  bromobenzene  is  added  to  dissolve  the  free 
radical  (the  free  radical  is  more  soluble  in  bromobenzene  than  in  benzene) 
and  then  a  standard  solution  of  iodine  in  benzene  is  slowly  added.  The 
deep  reddish  brown  color  of  the  solution  gradually  becomes  lighter  and 
at  the  equilibrium  point,  which  is  fairly  distinct,  the  color  changes  from 
the  light  brown  of  the  free  radical  to  a  deep  green,  the  latter  color  re- 
sulting doubtless  from  the  presence  of  both  iodine  and  the  free  radical 
in  the  solution. 

wt.  of  diphenyl.       Cc.  of  O.I  i^  iodine         %  of  calcu- 
naphthylmethyl.    O.    solution  absorbed,    lated  absorption. 

1 2.406  50.5  61.5 

2 2.565  490  56.0 

3 2.147  46.0  63.0 

*  Corrected  to  standard  conditions  of  temperature  and  pressure. 
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Therefore,  an  equilibritun  is  established  when  approximately  60%  of 
the  diphenyhiaphthylmethyl  has  been  changed  to  diphenylnaphtfayl- 
methyl  iodide. 

(C6H5)2  :  C.C10H7    +   I   ':^   (C6H5)2(CloH7)CI. 

Attempts  to  Isolate  the  Iodide. — ^Attempts  were  made  to  isolate  the 
diphenyhiaphthylmethyl  iodide  from  the  solution  obtained  by  titrating 
the  free  radical  with  a  limited  amount  of  iodine  as  described  above,  but 
in  no  case  would  the  iodide  crystallize.  Efforts  to  prepare  the  iodide 
by  a  somewhat  different  method^  also  proved  imsuccessful.  5  g.  of 
diphenylnaphthylmethyl  chloride  and  2.5  g.  of  sodium  iodide  were  dis- 
solved separately  in  acetone,  and  mixed  in  an  apparatus  free  from  air. 
The  sodium  chloride  which  immediately  precipitated  out  was  filtered  off 
and  the  solution  concentrated  but  the  iodide  could  not  be  isolated.  A 
considerable  amount  of  diphenylnaphthyl  methane  was  foimd  to  be 
present  in  the  solution,  indicating  that  the  free  radical,  and  perhaps  the 
iodide  as  well,  have  suffered  a  change  of  some  sort.  The  iodide  under 
consideration  is  therefore  even  more  unstable  than  triphenylmethyl 
iodide. 

If  excess  of  iodine  is  added  to  the  solution  of  the  free  radical,  a  dark 
oil  separates  out  which  is  undoubtedly  a  periodide.  This  periodide 
could  not  be  crystallized  and  is  apparently  unstable,  as  it  is  changed 
into  soluble  products  upon  standing  for  several  hours.  The  resulting 
solution,  as  in  the  above  experiments,  contains  a  considerable  amount  of 
diphenylnaphthyl  methane,  and  no  longer  precipitates  a  peroxide  on 
exposure  to  air. 

That  diphenylnaphthylmethyl  iodide  is  actually  formed  by  the  action 
of  iodine  upon  a  solution  of  the  free  radical,  was  shown  by  the  preparation 
of  the  corresponding  aniUde.  To  a  solution  of  4  g.  of  diph^iylnaphthyl- 
methyl  in  benzene  was  added  65  cc.  of  a  o.  i  N  solution  of  iodine  in  benzene, 
which  corresponds  to  about  50%  of  the  theoretical  amount  of  iodine 
required  to  change  the  free  radical  into  the  iodide.  2  g.  of  aniline  was 
then  added,  producing  an  immediate  precipitation  of  aniline  hydriodide: 

(C6H5)2(CioH7)CI  +  2C,H5NH2  — > 

(C«H6)2(CioH7)C  —  NCcHb  +  C«H5NH2.HI. 
H 
After  standing  for  a  short  time,  air  was  passed  through  the  solution 
to  oxidize  the  xmchanged  free  radical  to  the  peroxide.    The  aniline  salt 
and  the  peroxide  were  filtered  off,  the  benzene  removed  under  reduced 
pressure,  and  the  residue  taken  up  in  petroletun  ether.     2.3  g.  of  di- 
phenylnaphthylmethyl anilide  crystallized,   the  theoretical  yield  being 
2.5  g.    The  aniHde  is  obtained  in  clusters  of  small,  colorless  crystals  which 
after  several  recrystallizations  melt  at  151°.    The  compound  was  found 
»  Albrecht,  "Das  Triphenylmethyl,"  Schmidlin,  Ferdinand  Enke,  1914,  p.  87. 
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to  be  identical  with  the  anilide  prepared  sitnilaiiy  from  diphen3dnaphthyl- 
methyl  chloride.  The  aniUde  is  readily  decomposed  into  amUne  and  di- 
phenylnaphthylmethyl  chloride  when  a  benzene  solution  of  it  is  treated 
with  hydrogen  chloride. 

Action  of  Hydrochloric  Acid. — ^When  a  solution  of  diphenylnaphtfayl- 
methyl  is  treated  in  the  cold  with  hydrochloric  add,  it  is  decolorized, 
becoming  absolutely  colorless  in  the  course  of  several  hours.  The  re- 
sulting solution  contains  diphenylnaphthyl  methane  and  diphenyl- 
naphthylmethyl  chloride,  along  with  a  smaller  amount  of  the  "p<d3rmer" 
(rf  the  free  radical,  indicating  that  the  following  two  reactions  have 
occurred: 


— C— CI.      (i) 


HCl.    (2) 


The  extent  to  which  each  reaction  takes  place  was  determined  by 
estimating  the  amount  of  diphenylnaphthylmethyl  chloride  which  cotdd 
be  obtained  from  a  definite  amount  of  the  free  radical.  The  sample  of 
diphenylnaphthylmethyl,  2.4625  g.,  prepared  as  usual,  was  treated  in  the 
absence  of  air  with  about  150  cc.  of  benzene  saturated  with  hydrochloric 
acid.  '  After  the  free  radical  was  dissolved  and  the  solution  had  become 
colorless,  the  benzene  was  removed  imder  reduced  pressure;  the  sample 
was  then  redissolved  in  benzene  and  again  concentrated  as  far  as  possible, 
thus  instuing  the  removal  of  the  excess  hydrochloric  add.    The  chlorine 
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in  the  residue  was  estimated  in  the  usual  manner.  The  amount  found 
corresponded  to  83%  of  the  amount  of  diphenyhiaphthyhnethyl  chloride 
which  would  have  been  formed  had  all  the  free  radical  reacted  accc»ding 
to  Equation  i.  Therefore,  it  may  be  safely  inferred,  over  80%  of  the 
dlphenylnaphthylmethyl  reacts  to  give  diphenylnaphthyl  methane  and 
diphenylnaphthylmethyl  chloride,  and  the  remainder  probably  reacts 
according  to  Equation  2  to  form  the  pol}rmer  of  diphenjdnaphthylmethyl. 

To  obtain  the  polymer,  10  g.  of  diphenylnaphthylmethyl  chloride  is 
dissolved  in  150  cc.  of  benzene  saturated  with  hydrochloric  add,  and 
shaken  with  excess  of  molecular  silver,  about  20  g.  The  solution  im- 
mediately becomes  deeply  colored  due  to  the  formation  of  the  free  radical, 
and  this  subsequently  reacts  with  the  hydrochloric  add.  The  diphenyl- 
naphthylmethyl chloride  which  is  formed  as  one  of  the  products  of  the 
action  of  the  hydrochloric  add  upon  the  free  radical,  is  in  turn  acted 
upon  by  the  molecular  silver,  and  so  on  to  completion.  The  solution 
becomes  colorless  after  several  hours'  shaking,  and  contains  then  only 
diphenylnaphthyl  methane  and  the  pol}rmer,  of  which  the  former  is 
present  in  much  the  larger  amount.  The  pol}rmer  can  be  readily  separated 
from  the  diphenylnaphthyl  methane  by  treating  the  mixture  with  boiling 
alcohol,  in  which  the  methane  compound  is  fairly  soluble  and  the  polymer 
practically  insoluble.    The  3ridd  is  about  3  g. 

In  solubiUty  the  polymer  is  very  similar  to  p-benzohydryltetraphenyl 
methane,  which  is  the  prindpal  product  when  triphenylmethyl  is  treated 
with  hydrochloric  add.^  It  is  readily  soluble  in  hot  benzene,  slightly 
soluble  in  hot  acetic  add,  and  practically  insoluble  in  alcohol,  ether,  and 
petroleum  ether.  It  oystallizes  from  benzene  upon  the  addition  of 
petroleum  ether  in  very  fine,  colorless  oystals  which  mdt  at  234-235**. 
Calc  for  CmHm:  C,  94-i5;  H,  5.85.    Pound:  C,  93-8i;  H,  5.92. 

The  molecular  wdght,  determined  by  the  cryoscopic  method  with 
naphthalene  as  the  solvent,  was  found  to  be  abnormal.  0.3615  g.  of  the 
pol}rmer  in  16.86  g.  of  naphthalene    (K  =  70.8),  gave  a  depression  of 

0.354^ 

Calc.  for  CmHm:  M,  586.    Potmd:  M,  429. 

No  attempt  was  made  to  determine  which  of  the  two  possible  structures 


<:>4o^-0"<ol- 


o^ 


«     ^o       « 


'  Gombcrg,  Ber„  35,  3914  (1902);  36,  376  (1903). 
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should  be  assigned  to  this  compotind,  assuming  that  the  polymerization 
in  this  case  is  identical  in  character  with  that  of  triphenylmethyl  under 
similar  circumstances.^ 

Reduction  of  the  Free  Radical. — ^Although  hydrogen  itself  has  no 
action  upon  a  solution  of  diphenylnaphthylmethyl,  in  the  presence  of  a 
catalyst,  such  as  platinum  black,  reduction  to  diphenylnaphthyl  methane 
takes  place  quite  readily.  Th^  platinum  black  for  this  purpose  was  pre- 
pared by  reducing  platinum  tetrachloride  with  formaldehyde  in  an  alkaline 
solution. 

A  solution  of  5  g.  of  the  free  radical  in  benzene  was  siphoned  into  a 
flask  filled  with  hydrogen  and  containing  0.5  g.  of  platintun  black.  The 
solution,  diluted  with  ether,  was  stirred  vigorously.  It  absorbed  hydrogen 
readily,  becoming  completely  decolorized  in  the  course  of  two  hours. 
The  platinum  was  filtered  off,  the  solution  concentrated,  and  the  residue 
taken  up  in  ether  from  which  practically  the  theoretical  amount  of  di- 
phenylnaphthyl methane  crystallized. 

Attempts  to  Prepare  Additive  Compounds  of  the  Free  Radical. — In 
the  experiments  to  fonn  additive  compounds  of  diphenylnaphthylmethyl 
the  procedure  followed  was  similar  to  that  adopted  in  the  preparation  of 
the  additive  compounds  of  triphenylmethyl.  After  the  benzene  solution 
of  the  free  radical  had  been  concentrated  as  far  as  possible  in  the  ap- 
paratus previously  described,  about  50  cc.  was  added  of  the  compound, 
the  additive  tendency  of  which  was  to  be  investigated,  and  the  clear 
solution  was  allowed  to  crystallize  overnight.  The  mother  liquid  was 
drawn  off,  and  the  crystals  washed  and  then  dried  under  reduced  pressure 
in  a  slow  stream  of  carbon  dioxide.  A  sample  of  the  compound,  usually 
from  1.5-2  g.,  was  weighed  out  in  a  porcelain  boat,  placed  into  a  glass 
tube  about  40  cm.  long  and  heated  under  reduced  pressure  in  an  air  bath 
at  80-100 '^  for  one  to  two  hours,  a  slow  stream  of  carbon  dioxide  being 
passed  at  the  same  time  through  the  tube.  The  loss  in  weight  of  the 
sample  in  the  boat  should  represent  in  each  case  the  amotmt  of  the  solvent 
in  combination  with  the  free  radical,  provided  combination  between  the 
free  radical  and  the  solvent  had  occurred.  That  the  material  suffered  no 
appreciable  decomposition  as  the  result  of  the  heating,  was  shown  by  the 
fact  that  at  the  end  of  the  experiment  it  still  absorbed  80-85%  ^f  ^^^ 
theoretical  amount  of  oxygen. 

The  action  of  the  following  solvents  was  investigated,  at  least  two 
experiments,  and  more  often  three,  being  carried  out  with  each  solvent. 

Etters Ethyl  ether. 

Amyl-ethyl  ether. 

Esters Amyl  formate. 

Ethyl  acetate. 
Amyl  acetate. 
>  Chichibabin,  Ber„  37,  4709  (1904);  4h  2421  (1908). 
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Ethyl  chloroacetate. 

Ethyl  valerianate. 
Ketones Acetone. 

Dil^opyl  ketooe. 

Meth]rl-butyl  ketone. 
Nitriles Acetonitrile. 

Propionitrile. 
Hydrocarbons Benzene. 

Toluene. 

Xylene. 

Caprylene* 

No  addition  oj  diphenylnaphthyltnethyl  with  any  solvent  took  place.  This 
is  in  marked  contrast  to  the  action  of  triphenylmethyl. 

Action  of  Lic^t. — ^A  solution  of  diphenylnaphthylmethyl  when  exposed 
to  sunlight  gradually  loses  color,  the  auto5xidation  being  exceedingly 
slow.  Solutions  of  the  free  radical  in  benzene  and  bromobenzene  which 
have  been  exposed  to  light  for  15  months  still  retain  to  a  slight  extent 
the  color  of  the  free  radical.  This  is  in  contrast  to  solutions  of  triphenyl- 
methyl which  are  quite  susceptible  to  light  and  become  colorless  after  a 
few  hours'  exposure,  due  to  the  formation  of  triphenyl  methane  and  di- 
biphenylene-diphenyl  ethane.^ 


H  \  X       H 

C C  +  4(C«H»),C 


^. 


C C         r         +  4(C«H.),CH. 

'I  /' 

A  solution  of  diphenylnaphthylmethyl  which  had  been  exposed  to  light 
was  foimd  to  contain  a  considerable  amount  of  diphenylnaphthyl  methane; 
it  seems  probable  therefore  that  the  reaction  proceeds  in  a  manner  similar 
to  that  in  the  case  of  triphenylmethyl. 

3.  Molecular- Weight  Determinations  of  the  Free  Radical. 
Apparatus  and  Manipulation. — ^The  molectdar  weight  of  diphenyl- 
naphthylmethyl was  determined  by  the  cryoscopic  method  using  5  different 
solvents.  The  apparatus  was  of  the  type  devised  by  Beckmann  in  which 
a  2-ring  stirrer  is  used,  the  upper  ring  being  of  wrought  iron  covered 
with  platinum.  This  is  attracted  by  an  electromagnet  attached  on  the 
outside  of  the  freezing  vessel,  and  rises  and  falls  due  to  the  alternate 
*  Gomberg  and  Cone,  Ber.,  37,  3546  (1904);  Schmidlin  and  Garcia-Banus,  Ibid., 
45.  1345  (19"). 
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making  and  breaking  of  the  ciurent,  efifected  by  a  metronome.  The 
apparatus,  as  adapted  by  us  for  the  purpose  of  the  molecular-weight 
determination  of  triarylmethyls,  has  been  described  in  detail  in  a  previous 
paper.  ^  The  manipulation  for  the  handling  and  introducing  of  the 
free  radicals  as  there  described  has  also  been  followed  in  the  present  case, 
with  hydrogen  as  the  inert  gas  to  guard  against  oxidation. 

Selection  of  Solvents. — Since  the  primary  object  of  these  experiments 
was  to  obtain  the  molecular  weight  of  diphenylnaphthylmethyl  at  different 
temperatures,  it  was  attempted  to  select  a  series  of  solvents  whose  freez- 
ing points  varied  imiformly  from  o**  to  about  90®.  The  selection  of  such 
a  series  proved  extremely  difficult,  since,  in  the  first  place,  the  free  radical 
is  but  slightly  soluble  in  many  of  the  solvents  ordinarily  suitable  for 
cryoscopic  determinations,  especially  those  freezing  at  fairly  low  tem- 
peratures, and  secondly,  many  of  the  more  common  solvents  do  not 
lend  themselves  sufficiently  to  the  degree  of  accuracy  required.  For 
example,  ethylene  dibromide,  dimethyl  aniline,  dimethyl  oxalate  and 
benzene  can  not  be  used  because  of  the  sUght  solubiUty  of  the  free  radical 
in  these  solvents.*  a-Bromonaphthalene,  benzophenone,  tn-bromo- 
nitrobenzene,  and  azobenzene  were  found  to  be  unsuited  for  accurate 
determinations,  due  partly  to  the  readiness  with  which  they  supercool, 
and  partly  to  the  fact  that  from  5  to  8  minutes  are  required  after  the 
solution  has  started  to  freeze  for  the  temperature  to  reach  the  highest 
point.  Still  another  difficulty  was  encountered  in  the  case  of  p-dibromo- 
benzene.  Although  this  proved  to  be  an  excellent  solvent  and  in  general 
well  suited  for  acctu'ate  determinations,  it  was  found  that  the  freezing 
point  of  the  solution  of  the  free  radical  did  not  remain  constant  but  rose 
steadily  with  successive  determinations  showing  that  some  manner  of 
decomposition  was  taking  place,  due  probably  to  the  relatively  high 
temperattu-e  of  its  freezing  point,  87**.  Therefore,  experiments  with  this 
scdvent  were  necessarily  abandoned. 

After  considerable  preliminary  investigation,  the  following  series  of 
solvents  were  selected: 

F.  p. 

Nitrobenzene 6* 

^Bramotoluene 27* 

^Dichlorobeiizene 53* 

^Chlorobromobenzene 65  ** 

Naphthalene 8o* 

AH  these  solvents  were  very  carefully  distiUed,  and  in  addition  the  p- 

1  This  Journal,  39, 1662  (1917)* 

'  Schknk  and  Rennmg  {Ann,,  394,  194  (19x2)),  have  determined  the  molecular 
weight  of  diphenyl-o-naphthylmethyl  in  benzene  by  the  cryoscopic  method,  obtaining 
values  of  363  and  372  with  concentrations  of  2.4%  and  2.8%,  respectively.  But  we 
weie  unable  to  obtain  even  a  2%  concentration  of  the  free  radical  in  benzene  at  the 
teiiq>eratnre  of  its  freezing  point,  6^. 


Digitized  by 


GooQle 


i668 


M.  GOMBERG  AND  C.   S.   SCHOEPPLE. 


dichlorobenzene  and  /?-chlorobromobenzene  were  crystallized  from  alcohol. 

The  molecular  depression  constant  of  each  solvent  was  determined  for 
this  particular  apparatus  and  under  exactly  the  same  conditions  that 
were  to  prevail  in  the  experiments  to  follow,  using  as  the  solute  triphenyl 
methane  which  had  been  painstakingly  purified  by  repeated  crystalliza- 
tion from  alcohol  and  benzene.  No  correction  was  applied  to  the  weight 
of  the  solvent  to  account  for  the  amoimt  which  solidifies  due  to  the  super- 
cooling and  thereby  decreases  the  actual  quantity  of  material  functioning 
as  a  solvent.  For  the  supercooling  was  fairly  uniform  as  a  rule,  and 
consequently  this  error  is  automatically  taken  care  of  to  a  large  extent 
by  the  molecular  depression  constant  of  the  solvent  which  was  determined 
with  approximately  the  same  degree  of  supercooling. 

The  samples  used  for  molecular-weight  determinations  were  dried  care- 
fully in  the  manner  previously  described,  and  in  addition,  were  heated 
imder  reduced  pressure  in  a  slow  stream  of  carbon  dioxide  for  one  hour  at  a 
temperature  of  50  to  60*^,  to  insure  the  removal  of  all  traces  of  solvent. 
As  a  rule,  3  additions  were  made  which  provided  concentrations  ranging 
from  1%  to  3-4%. 

DBTBRIONATION  op  THS  MoUtCULAR   DSPRBSSION  CONSTANTS  WITH   (C«H«)|CH 

(244-I)- 

Triphenyl-  Concen-  Depression 
Solvent.        methane.  tration.  oifreec*         Con- 
Solvent.                                               G.                  G.  %.  ing  point.       itant. 

1  Nitrobenzene 23-39        0.2175        0.93        0.273         71.7 

0.4262        1.82        0.530         71.0 
0.6349        2.71        0.782         70.3 

Av.,  71.0 

2  ^Bromotoluene 26.54        0.2817        1.06       0.366         84.2 

0.5238    1.97    0.680    84.1 
0.7826   2.95    I. 013    83.9 

Ay.,  84.1 

3  ^Dichlorobefizene 19.86        0.2308.      1.16        0.372         78.1 

0.4721        2.38        0.741         76.1 
0.7151        3.60        1. 106         75.0 

Av.,  76.4 

4  />-Ch1orobromobenzene 24.60        0.2889        1.17        0.486       loi.o 

0.6033    2.45    1.003    99.8 
0.9213    3-75    I-5I9    99.0 

Av.,  99.9 

5  Naphthalene 17.66        0.2706        1.53        0.446         71.1 

0.5408        3.06        0.889         70.9 
0.8077        4-57         1.320         70.5 

Av.,  70.8 
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SolTeat.  P.  p. 

I  Nitrobenzene 6* 


2  ^Bromotdtiene 27^ 


3  ^Dichlorobenzene 53* 


4  ^Chlorobromobenzene....     65^ 


5  Naphthalene^ 80"" 


Solvent. 
G. 

Diphenjrl- 
naphthyl- 
methyi.    G. 

Concen- 
tration. 
%. 

Depression 
of  frees-     Molecular 
ing  point,     weight. 

23 .23 

0.2136 
0.4136 
0.6298 

0.92 
1.78 
2.71 

0.195 
0.369 
0.552 

334.8 
342.6 
348.7 

24.00 

0.2150 
0.4229 
0.6424 

0.90 
1.76 
2.68 

0.194 
0.368 

0.542 

327 -9 
340.0 
350.6 

23  41 

0.2x79 
0.4247 
0.6297 

0.93 
1. 81 
2.69 

0.201 
0.373 
0.540 

328.8 
345  3 
353.7 

26.56 

0.2367 
0.5084 
0.7869 

0.89 
1.91 
2.96 

0.245 
0.487 
0.736 

305.9 
330.6 

338.3 

26.48 

0.2485 
0.4992 
0.7327 

0.94 
1.89 
2.77 

0.257 
0.483 
0.692 

307.x 
328.3 

336.3 

26.71 

0.2645 
0.5075 
0.7400 

0.99 
1. 90 
2.77 

0.264 
0.482 
0.686 

315  5 
331.5 
339.7 

20tOI 

0.2209 
0.4672 
0.7217 

1. 10 

2.33 
3.61 

0.292 
0.582 
0.862 

288.8 
306.5 
319.7 

19.90 

0.2326 
0.4876 
0.7423 

1. 17 
2.45 
3.73 

0.308 
0.603 
0.878 

289.9 
310.4 
324.6 

19.89 

0.2313 
0.4623 
0.7198 

i.x6 
2.32 
3.62 

0.3x3 
0.578 
0.854 

283.9 
307.2 

323.7 

24.51 

0.2748 
0.6025 
0.9520 

1. 12 
2.46 
3.88 

0.410 
0.827 
X.257 

273.2 
296.9 
308.7 

24.72 

0.2665 
O.6116 
0.9626 

1.08 
2.47 
3.89 

0.397 
0.839 
1.263 

27X.3 
294.6 
308.0 

24.66 

0.2915 
0.6178 
0.9577 

1. 18 

2.51 
3.88 

0.423 
0.836 
1. 241 

279.2 

299.4 
312.6 

17.88 

0.2175 
0.4445 
0.7125 

1.22 
2.49 
3.98 

0.336 
0.667 
1.035 

256.3 
263.9 
272.6 

18.06 

0.2136 
0.4402 
0.7073 

1. 18 

2.44 
3.92 

0.329 
0.649 
1. 016 

254.5 
265.9 
272.9 

17.96 

0.1976 
0.4387 
0.6982 

1. 10 
2.44 
3.89 

0.304 
0.655 
I. OH 

256.2 
264.0 
272.2 

'  This  Journal,  39>  1670  (191 7). 
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Successive  determinations  showed  that  the  freezing  point  of  the  sohi- 
tion  of  any  definite  concentration  remained  perfectly  constant.  This 
shows  that  no  decomposition  was  taking  place,  and  together  with  the 
fact  that  no  hydrogen  was  being  absorbed,  is  sufficient  proof  that  no 
reduction  of  the  free  radical  to  diphenylnaphthyl  methane  was  occurring 
in  virtue  of  the  possible  caXalydc  effect  of  the  platinum  stirrer.  As  a 
further  check,  at  the  end  of  the  experiment  ether  was. added  to  the  solu- 
tion and  air  passed  through  it.  From  80-82%  of  the  peroxide  was  ob- 
tained instead  of  the  usual  86%,  offering  in  this  way  conclusive  evidence 
that  the  free  radical  undergoes  no  change  during  the  molecular-weight 
determination.  In  the  following  table,  each  experiment  represents  an 
individual  preparation,  and  thus  in  no  case  were  two  determinations 
of  the  molecular  weight  made  upon  the  same  sample.  Also,  the  sample 
was  never  more  than  one  day  old,  the  free  radical  being  prepared  in  the 
afternoon,  allowed  to  crystallize  overnight,  isolated  the  following  morn- 
ing and  the  molecular  weight  taken  the  same  afternoon. 

In  the  following  diagram  the  results  of  the  molecular- weight  determina- 
tions are  plotted  in  the  form  of  curves,  using  the  concentrations  as  ab- 
scissas and  the  values  of  j^p 
the  molecular  weight  as 
ordinates.  (The  molec- 
ular weight  calculated  3^ 
for  (C«H5)2(CioH7)C  is 
293.)  S30 

4.  Discussion  of  Re- 
sults. 

Solutions  of  diphenyl-  S/0 
a-naphthylmethyl    pos- 
sess intense  color,  much  ^^^ 
more  so  than  those  of  tri- 
phenylmethyl,  but  in  the 
solid  state  both  free  rad-  ^^ 
icals  are  almost  wholly 
devoid    of    color.      At- 
tention has  been  called 
in  a  previous  paper,  and 
it  is  emphasized  again,  --^ 
that  in  the  opinion  of  the 
writers,   "Not  dissocia- 
tion alone  into  triaryl- 
methyl,  but,  in  addition, 
the  consequent  tautomerization  of  this  into  its  quinonoid  modification 
constitute  a  satisfactory  explanation  of  the  color  phenomena." 
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The  oxidation  of  diphenylnaphthylmethyl  is  similar  in  every  respect 
to  the  oxidation  of  triphenyhnethyl.  In  both  instances  there  is  equally 
rapid  absorption  and  the  theoretical  amount  of  oxygen  required  to  form 
the  peroxide  is  absorbed,  and  in  each  case,  approximately  the  same 
empirical  peroxide  factor  of  86%  is  obtained. 

With  iodine,  diphenylnaphthylmethyl,  like  triphenylmethyl,  reacts  to 
form  the  corresponding  iodide.  But  if  the  absorption  of  iodine  is  a 
measure  of  the  degree  of  unsaturation,  i.  e.,  the  degree  of  dissociation 
into  the  monomolecular  state,  then  the  titration  of  the  free  radical  to  the 
iodide  should  proceed  more  nearly  to  completion  with  diphenylnaphthyl- 
methyl than  with  triphenylmethyl.  In  reality,  however,  an  equilibrium 
is  reached  when  only  60%  of  the  diphenylnaphthylmethyl  has  been  trans- 
formed into  the  iodide,  while  the  equilibrium  with  triphenylmethyl  is  not 
reached  until  80%  of  the  free  radical  has  been  titrated.  It  is  evident 
that  although  the  absorption  of  iodine  shows  the  presence  of  a  free  radical, 
it  does  not  serve  as  an  indication  of  the  extent  to  which  the  free  radical 
exists  in  the  monomolecular  state.  The  reaction  is  more  complex  than 
one  of  simple  addition  between  the  free  radical  and  iodine,  as  it  involves 
a  mobile  equilibritun  between  the  dimolecular  and  the  monomolecular 
phases  of  the  free  radical  as  well  as  a  mobile  equilibrium  between  the 
monomolecular  free  radical  and  the  resulting  iodide,  the  limiting  values 
of  the  latter  equilibrium  depending  primarily  upon  the  stability  of  the 
iodide  and  its  tendency  to  dissociate. 

RsC  —  CR3  :^  2R3C. 

R,c  + 1  :i:±  R,ci. 

The  action  of  hydrochloric  acid  upon  a  solution  of  diphenylnaphthyl- 
methyl confirms  in  a  meastu^e  the  explanation  advanced  by  Chichibabin 
to  account  for  the  production  of  /?-benzohydryltetraphenyl  methane 
by  the  action  of  hydrochloric  acid  upon  triphenylmethyl.  Two  reactions 
take  place  simultaneously. 

Triphenylmethyl  reacts  largely  to  form  the  polymer,  f-benzohydryl- 
tetraphenyl  methane,  but  6%  of  triphenyl  methane  and  triphenylmethyl 
chloride  being  formed;  with  dii^ienylnaphthylmethyl,  however,  the 
opposite  is  true,  for  in  this  case  over  80%  of  the  free  radical  goes  to  form 
diphenylnaphthyl  methane  and  diphenylnaphthylmethyl  chloride,   the 


HCl  — >  <       V- C— H  +  <       >— C— CI.     (i) 
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-O^ 


+  HCL     (2) 


remainder  condensing  to  give  the  poljrmer.  This  pol)rmer,  which  is  per- 
fectly stable  and  agrees  in  its  properties  with  f -beiizohydryltetraphenyl 
methane,  must  be  assigned  one  of  two  structures, 

p 


H 


H 


■  V^A<^ 


The  experiments  concerning  the  formation  of  additive  compotmds  with 
diphenylnaphthylmethyl  lead  to  results  which  may  seem  at  first  to  be 
wholly  unexpected:  namely,  no  addition  is  found  to  take  place  between 
this  compoimd  and  the  various  classes  of  solvents.  Therefore,  the  com- 
monly accepted  view  that  triphenylmethyl  forms  additive  compounds 
solely  in  virtue  of  its  tendency  to  exist  partially  in  the  monomolecular 
state  must  be  abandoned.  For  if  this  were  the  case  we  should  also  have 
additive  compounds  with  diphenylnaphthylmethyl,  and,  moreover,  to  a 
much  greater  extent  than  with  triphenylmethyl. 

How  then  can  this  apparent  contradiction  be  explained?  Unquestion- 
ably the  typical,  characteristic  reactions  of  the  triarylmethyls,  such  as 
oxidation  and  iodine  absorption,  are  conditioned  upon  the  existence  of  the 
equilibritun  R«C  —  CRt  "7^  2R«C.  But  it  need  not  necessarily  follow 
that  the  more  the  RsC  phase  is  favored,  the  greater  must  be  the  reactivity 
of  the  compound  in  question.  Indeed,  on  purely  a  priori  grounds  the  very 
opposite  view  may  be  taken  with  equal  force,  and  this  view  would  apply 
particularly  to  such  reactions  of  triarylmethyls  as  are  readily  reversible. 
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Consider  for  instance  the  case  of  triphenylmethyl  itself.  Hexaphenyl 
ethane  constitutes  a  system  which  is  on  the  border  line  between  such 
ethane  compoimds  wherein  the  central  carbon  atoms  function  as  tetra- 
valent  and  those  wherein  they  function  as  trivalent.  At  room  tem- 
peratiure  the  dissociation  is  only  about  2  to  5%  at  most,  but  increases  on 
warming  and  at  80°  becomes  appreciable,  reaching  as  high  as  25  to  30%. 
Being  an  unstable  system,  when  chances  for  the  formation  of  stable 
irreversible  combinations  with  other  compoimds  are  lacking,  triphenyl- 
methyl will  evidence  its  imsaturation  through  temporary,  feeble  attach- 
ment of  one*  radical  to  another,  or  through  attachment  to  substances 
such  as  ethers,  aldehydes,  ketones,  esters,  chloroform,  carbon  disulfide, 
and  even  to  completely  saturated  substances  like  heptane.  But  all  such 
combinations,  whether  it  be  free  radical  to  free  radical  or  free  radical  to 
something  else,  exist  in  virtue  of  the  residual,  though  very  feeble,  aflSnity 
in  triphenylmethyl.  On  the  addition  to  the  system  of  slight  amount  of 
energy  from  outside,  as  on  gentle  heating,  the  imion  is  disrupted  and  the 
free  radical  regenerated.  Thus,  the  obvious  predilection  of  triphenyl- 
methyl to  asstune  the  dimolecular  state,  and  its  proneness  to  enter  into 
feeble  combination  with  all  possible  solvents  may  be  looked  upon  as 
consequences  of  one  and  the  same  cause,  namely,  that  the  trivalence 
of  the  carbon  in  triphenylmethyl  is  of  a  low  order  of  stability.  And 
now  consider  from  the  same  point  of  view  the  case  of  diphenylnaphthyl- 
methyl.  It  is  monomolecular  to  the  extent  of  70%  even  at  6**;  the 
dissociation  increases  with  the  temperature  and  reaches  completion  at 
60^.  Evidently,  in  this  particular  free  radical  the  trivalence  of  carbon  is  of 
such  high  order  of  stability  that  the  radical  lacks  the  tendency  to  enter 
into  combination  with  itself,  and  presiunably  for  the  very  same  reason 
it  is  devoid  of  tendency  to  imite  with  ethers,  esters,  ketones,  etc.  Or, 
if  union  does  occur,  it  apparently  is  of  such  feeble  nature  that  complete 
dissociation  takes  place  at  room  temperatiu*e.  Even  in  cases  where  the 
new  compound  results  from  the  radical  not  in  virtue  of  some  undefined 
additionaJ  or  potential  valences  but  in  virtue  of  definite  chemical  reaction, 
the  combination  may  still  prove  one  that  is  readily  reversible,  as  for 
instance  diphenylnaphthylmethyl  iodide,  wherein  the  equilibrium  at 
room  temperature  is  R|CI  60%,  R3C  40%. 

The  above  considerations  lead  to  this  conclusion:  the  higher  the 
spontaneous  dissociation  of  the  hexa-aryl  ethane,  the  greater  the  com- 
parative stability  of  the  corresponding  triarylmethyl  is  likely  to  be. 
It  is  to  be  expected  that  the  existence  of  the  monomolecular  phase  pre- 
ponderatingly  over  the  dimoleodar  should  be  associated  with  a  lack  of 
propensity  in  the  free  radical  to  make  additive  compounds  of  the  nature 
which  characterize  triphenylmethyl.  This  deduction  is  derived  from  the 
comparison  of  only  two  examples,  and  in  the  very  nature  of  the  case  is 
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only  tentative.    An  examination  of  a  large  number  of  free  radicals  with 
this  end  in  view  is  desirable. 

It  is  not  intended  to  convey  the  impression  that  the  capacity  of  the 
hexa-aryl  ethanes  to  form  additive  compomids  is  believed  to  be  contingent 
entirely  upon  their  dissociation.  Undoubtedly  other  factors  must  be 
taken  into  consideration,  such  as  the  chemical  nature  of  the  individual 
free  radical.  Triphenylmethyl  forms  additive  compounds  with  various 
solvents  for  the  same  reason  in  part  that  triphenyl  methane  itself  forms 
additive  compoimds  with  benzene  and  other  solvents.  The  tmsaturation 
state  of  triphenylmethyl  may  greatly  enhance  its  additive  properties  but 
it  could  hardly  be  considered  as  the  sole  factor  in  the  formation  of  these 
compotmds. 

The  results  of  the  molecular-wdght  determinations  of  diphenylnaphthyl- 
methyl  in  nitrobenzene,  ^-bromotoluene,  ^-dichlorobenzene,  /^-chloro- 
bromobenzene,  and  naphthalene  prove  conclusively  that  we  are  dealing 
here  ^th  a  phenomenon  of  molecular  dissociation,  wherein  the  products 
of  dissociation  are  in  equilibrium  with  the  dissociating  substance.  An 
equilibriiun  of  this  nature  might  be  expected  to  shift  in  favor  of  dissocia- 
tion (i)  with  dilution,  (2)  with  an  increase  in  temperature. 

(i)  In  every  case,  regardless  of  the  nature  of  the  solvent,  we  find  that 
there  is  a  steady  increase  in  the  molecular  weight  as  we  proceed  from  a 
1%  to  a  3-4%  solution  of  diphenylnaphthylmethyl,  i.  e.,  an  increase  in 
concentration  shifts  the  equilibritun  in  favor  of  the  dimolecular  modi- 
fication and,  vice  versa,  a  decrease  in  concentration  shifts  the  equil- 
brium  in  favor  of  the  monomolecular  modification.  Moreover,  it  is  evi- 
dent from  the  similarity  of  the  molecular-weight  curves.  Fig.  i,  that  this 
increase  in  dissociation  with  dilution  is  practically  independent  of  the 
nature  of  the  solvit. 

(2)  Likewise,  we  see  from  Fig.  i  that  there  is  a  marked  decrease  in  the 
molecular  weight  of  diphenylnaphthylmethyl  with  an  increase  of  tem- 
perature, showing  that  the  equilibriiun  is  shifted  in  favor  of  dissociation. 
Indeed,  if  we  compare  solutions  of  a  definite  concentration,  e.  g.,  2%, 
and  plot  the  temperatures  as  abscissas  and  the  corresponding  values 
of  the  molecular  weight  as  ordinates,  we  obtain  a  remarkably  smooth 
curve,  shown  in  Fig.  2.  From  this  curve  it  is  evident  that  the  effect  of 
temperature  upon  the  dissociation  becomes  greater  as  we  proceed  to  higher 
temperatures,  for  the  decrease  in  molecular  weight  for  a  given  increase  in 
temperature  is  not  constant  but  becomes  noticeably  larger.  In  other 
words,  between  70  and  80  **  for  example,  a  change  of  i  ^  in  the  temperature 
produces  a  considerably  greater  eflFect  upon  the  dissociation  than  a  change 
of  I**  between  10^  and  20^ 

The  smoothness  and  uniformity  of  this  temperature-molecular  weight 
curve  indicates  that  for  a  given  concentration,  the  equilibrium  between 
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the  monomolecular  and  the  dimolecular  forms  of  diphenylnaphtbyl- 
methyl  is  dependent  largely  upon  the  temperattu-e  and  not  to  any  ap- 
preciable extent  upon  the  nature  of  the  solvent,  for  otherwise  we  should 
expect  noticeable  irregularities  in  the  curve. 

From  Fig.  2  we  find  that  for  a  2%  concentration  the  molecular 
weight  of  diphenylnaphthylmethyl  is  approximately  345  at  a  temperatture 
of  6^;  therefore  at  this 
temperature  an  equiUb-  ^^ 
rium  is  established  be- 
tween 30%  of  the  di- 
molecular and  70%  of 
the  monomolecular  form 
of  the  free  radical.  As 
the  temperature  is  in- 
creased, the  molecular  ^^ 
weight  drops  until  at 
about  62^  it  reaches  the 
value  of  293,  indicating  240 
that  at  this  point  all  of 
the  dimolecular  modi- 
fication has  dissociated  and  only  the  monomolecular  modification  is  present 
in  the  solution. 

The  molecular  weight  however  does  not  become  constant  above  this 
temperatiu-e  but  continues  to  decrease,  reaching  the  value  of  262  at  80**. 
And  indeed,  other  free  radicals  containing  naphthyl  groups  seem  to  ex- 
hibit the  same  peculiar  behavior,  as  for  instance  in  the  case  of  a-naphthyl- 
xanthyP  and  a-naphthylphenyl(biphenyl)methyl.*  How  can  these  ab- 
normal values  be  explained?  The  possibility  arises  that  under  the  in- 
fluence of  comparatively  high  temperatures  diphenylnaphthylmethyl 
may  suffer  a  gradual  decomposition  of  some  sort.  But  any  decomposition 
would  necessarily  be  accompanied  by  a  noticeable  variation  in  the  freez- 
ing point  of  the  solution,  and  yet  successive  determinations  showed  that, 
on  the  contrary,  the  freezing  point  remained  perfectly  constant.  More- 
over such  possibility  of  decomposition  is  precluded  by  the  fact  that  by 
oxidizing  the  solution  at  the  end  of  the  experiment,  the  usual  amotmt  of 
peroxide  could  be  obtained.  In  a  previous  contribution  dealing  with  this 
phenomenon  we  ventured  upon  a  hazardous  explanation,  namely  that  the 
triarylmethyl  may  suffer  further  dissociation  with  the  consequent  pro- 
duction of  a  radical  with  a  bivalent  carbon,  as  for  instance: 
(C6H6)iC  —  C10H7  Z;^  (C«H5)2C  +  C10H7,  or 
(C6H6)2C  —  C10H7  T^  (C6H5)C(CioH7)  +  CeHs. 
»  Gomberg  and  Schoepfle,  This  Journal,  39,  1668  (1917)- 
'  Schlenk  and  Renning,  Ann,,  394,  195  (1912). 
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By  reducing  a  solution  of  the  free  radical  with  hydrogen  at  a  tem- 
perature of  about  100®,  and  identifying  the  products  formed,  it  was  hoped 
that  it  would  prove  possible  to  determine  whether  such  a  dissociation 
of  the  monomolecular  diphenylnaphthylmethyl  occurs.  But  as  in  the  case 
of  reduction  at  ordinary  temperatures,  the  reduced  solution  contained 
only  diphenylnaphthyl  methane  so  far  as  the  examination  revealed. 
Consequently  the  explanation  suggested  above  still  remains  unsupported, 
and  yet  it  seems  difficult  to  find  any  other  explanation  equally  satisfactory. 

5.  Summaiy. 

(i)  Several  new  diphenyl-a-naphthylmethyl  derivatives  have  been 
synthesized  and  described. 

(2)  The  important  chemical  reactions  of  the  free  radical,  diphenyl-a- 
naphthylmethyl,  have  been  studied  including  the  oxidation,  the  reduction, 
the  action  of  iodine,  the  action  of  light,  and  the  action  of  hydrochloric 
add. 

(3)  It  has  been  shown  that  diphenyl-a-naphthylmethyl,  tmlike  tri- 
phenylmethyl,  does  not  form  additive  compoimds  with  various  solvents, 
in  spite  of  its  high  degree  of  dissociation,  and  a  plausible  explanation 
for  this  difference  has  been  suggested. 

(4)  By  means  of  a  series  of  exact  molecular-weight  determinations  of 
diphenyl-a-naphthylmethyl  extending  over  a  range  of  temperature  from 
6°  to  So**,  it  has  been  proven  that  the  temperature  as  well  as  the  con- 
centration has  a  marked  influence  upon  the  degree  of  dissociation  of  free 
radicals,  while  the  nature  of  the  solvent  seems  to  exert  but  slight  in- 
fluence. 

(5)  It  has  been  shown  that  at  a  temperature  of  approximately  60** 
diphenyl-a-naphthylmethyl  is  present  in  the  monomolecular  phase  en- 
tirely, and  that  above  this  temperature  the  molecular  weight  suffers  a 
further  decrease,  the  cause  of  which  has  not  been  established. 

Ann  Arbor,  Mich. 


[Contribution  prom  the  Chemical  Laboratories  op  Columbia  University, 

No.  323.1 

THE  SYNTHESIS  OF  SOME  HOMOLOGS  OF  THE  TERPENES, 

DERIVATIVES  OF  m-DHSOPROPYL  CYCLOHEXANE. 

By  Marston  Taylor  Booert  and  Clarence  Peavy  Harris.' 

Received  July  24,  1919. 

Introductory  Part 
An  interesting  fact  concerning  the  terpenes,  and  one  to  which  attention 
often  has  been  called,  is  that  the  graphic  formulas  conventionally  assigned 

'  The  investigation  reported  in  this  article  formed  part  of  the  work  carried  out  by 
Mr.  Harris  as  a  candidate  for  the  degree  of  Ph.D.  under  the  Faculty  of  Pure  Science, 
Columbia  University.  Its  publication  has  been  delayed  by  the  war  duties  of  the 
senior  author. 
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to  this  numerous  group  of  compounds  all  contain  the  following  carbon 
skeleton,  either  as  an  open  or  as  a  closed  chain: 

Cv  >0 — Cv  Cv  yQ, — Cv 

\:— c\        \:— c     or        >c-<^<C        V— c 
or  x:— c  ex         ^c— c^ 

There  is  something  peculiar  about  this  arrangement  of  carbon  atoms, 
the  efifect  of  which  is  to  endow  the  compound  with  properties  markedly 
divergent  from  the  lower  homologs  of  the  same  series,  and  this  peculiarity 
of  behavior  seems  to  be  referable  to  the  isopropyl  rather  than  to  the 
methyl  group. 

The  question  presented  itself  therefore  whether  the  presence  of  a  second 
isopropyl  group  would  cause  any  considerable  change  in  properties  as 
compared  with  homologs  of  the  same  series.  The  line  of  attack  planned 
was  to  compare  derivatives  of  the  following  types: 

CH,  CH,  CHr—CH— CH, 


:H,  CH,— CH— CH,  CH|— CH— CH, 

^Xylene.  Csrmene.  />-Diisopropyl  benzene. 

Derivatives  of  the  first  and  second  of  these  are  numerous  and  well- 
known.    Of  the  third  type,  very  little  appears  to  be  on  record. 

As  the  hydrogenized  hydrocarbons  were  regarded  as  most  interesting, 
because  of  their  structival  relationship  to  the  naturally  occurring  terpenes, 
the  first  problem  was  the  synthesis  and  study  of  such  substances,  and  this 
paper  records  the  results  so  far  accomplished  in  this  direction.  It  is 
hoped  to  continue  the  investigation. 

The  only  derivatives  of  1,4-diisopropyl  cydohexane  uncovered  in  our 
search  of  the  literature  were  the  ^-diisopropyl  cyclohexandiol-1,4  obtained 
by  Wallach^  on  treating  sabina  ketone  with  methyl  magnesium  iodide, 
and  the  tetraphenyl  ^-phenylene  glycol  of  Ullmann  and  Schlaepfer* 
prepared  by  the  action  of  methyl  magnesium  iodide  upon  methyl  tere- 
phthalate. 

The  new  derivatives  synthesized  were  as  follows:  tetramethyl 
p-phenylene  glycol;  1,4-diisopropenyl  benzene;  i,4-diisopropenyl-A**-di- 
hydrobenzene;  two  isomeric  CuHig  hydrocarbons  from  A^-tetrahydro- 
terephthalic  add;  and  certain  bromine  addition  products  of  these  hydro- 
carbons. 

The  sjmthesis  of  these  compounds  was  carried  out  briefly  as  follows: 

Cymene  was  oxidized  to  terephthalic  add  by  the  action  of  sodiiun 
>  Ann.,  263,  149  (1891);  303»  362  (1898). 
« Ber,,  37>>ooi  (1904). 
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dichromate  in  presence  of  sulfuric  add,  the  terephthalic  acid  esterified, 
and  the  ester  treated  in  anhydrous  ether  solution  with  methyl  magnesium 
iodide,  giving  the  glycol  (I).  This  was  then  dehydrated  by  heating  it 
with  potassitun  hydrogen  sulfate,   yielding  the  diisopropenyl   benzene 

(11). 

In  the  case  of  the  di-  and  tetra-hydrogenated  compounds,  obtained  m 
similar  manner  from  the  hydrogenated  terephthaUc  adds,  the  inter- 
mediate glycols  (III  and  V)  could  not  be  isolated,  as  they  lost  water 
under  the  conditions  of  the  experiment,  passing  inmiediatdy  to  the  un- 
saturated hydrocarbons  (IV,  VI,  VIII).      , 

OH  OH 


CH,— C—CH, 

A 

I 

v 

CH,— C— CH3 

OH 

OH 
CH,— C— CH, 

CH,/      Vh 

CHjy  /CHj 

x:h/ 


CH,— C==CH, 
CH,— C=CH, 


CH,— C=CH, 


C 
VI 


CH,/      ^CH 


CHr<  yCH, 

^CH/ 


=CH, 


CHi— C— CH, 

ch/^  \:h 
I      in   I 

CHr— C— CH, 
OH 


CHr—C— CH,Br 

II 

CH,/  N:HBr 
I       VII    I 
trCH  V        •CH, 

,— C— CH,Br 


CHy-C— CH, 

ch/^^k:h 

I        IV     I 
CH,— cUcH, 


CH,— C-CH, 


CH,/  x:h 

I     vin  I 


CHi 


CH, 


J. 


:— CH, 


CH,— C==CH, 


CH,— 0=CH, 

OCI) 


CH,— C=CH,  CHj 

Derivatives  of  II  in  general  proved  more  stable  and  hence  more  readily 

isolated  and  ptuified  than  the  corresponding  derivatives  of  IV,  VI  or 

VIII. 
Titration  of  II  with  a  standardized  solution  of  bromine  in  chloroform, 

and  analysis  of  the  product,  both  showed  that  4  atoms  of  bromine  had 

been  added.     Excess  of  the  halogen  caused  no  further  addition  nor  any 

evolution  of  hydrogen  bromide. 
Hydrocarbon   IV   possesses   a   constitution   resembling   the    A^'*-ter- 

padienes,  and,  like  the  terpenes,  gives  a  deep  green  coloration  with  acetic 

anhydride  and  sulfuric  add.     It  reduces  permanganate  in  the  cold,  adds 
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bromine  and  hydrogen  bromide,  and  forms  both  a  solid  and  a  liquid  tetra- 
bromide  like  limonene,  to  which  latter  it  is  also  related  structurally. 
Treated  with  bromine  in  excess,  it  appears  to  take  up  but  4  atoms  of 
bromine,  after  which  substitution  sets  in,  as  evidenced  by  the  evolution 
of  hydrogen  bromide.  This  corresponds  with  the  results  observed  by 
Perkin  in  the  case  of  the  analogously  constituted  A''^(^)-p-menthadiene, 
and  was  ascribed  by  him  to  the  presence  of  a  true  conjugated  S3rstem  of 
double  bonds.  The  structure  of  the  tetrabromide  of  IV  therefore  is 
probably  that  pictured  in  Formula  VII;  the  solid  and  liquid  forms  being 
the  cis  and  trans  isomers. 

Hydrocarbon  VI  (or  VIII),  obtained  from  tetrahydro  terephthalic 
add  in  two  isomeric  forms,  was  much  more  sensitive  to  the  action  of 
bromine  than  either  II  or  IV.  Although  these  isomers  decolorized  the 
bromine  solution  instantly  when  first  added,  elimiaation  of  hydrogen 
bromide  began  very  soon  and  we  were  unable  to  control  it  or  to  separate 
any  pure  bromo  derivative  from  the  products,  the  latter  being  oily, 
viscous  and  intractable. 

The  behavior  of  the  4  hydrocarlxms  (II,  IV,  VI  and  VIII)  towards 
bromine  is  thus  quite  different  and  obviously  reflects  some  difference 
in  their  constitution.  The  smooth  addition  of  4  bromine  atoms  to  II, 
the  absence  of  any  hydrogen  bromide  evolution  even  when  excess  of  the 
halogen  was  employed,  and  the  stability  of  the  final  product,  all  indicate 
side-chain  and  not  nuclear  addition.  It  is  analogous  to  the  addition  of 
bromine  to  /?-isopropenyl  toluene^  or  to  isopropenyl  benzene.^  On  the 
•other  hand,  Wallach*  noted  many  years  ago  the  evolution  of  hydrogen 
bromide  during  the  formation  of  terpene  tetrabromides,  and  Perkin* 
made  a  similar  observation  in  the  addition  of  bromine  to  certain  p- 
menthadienes.  Other  investigators  have  had  like  experiences,  and  it  is 
a  well  established  fact  that  where  bromine  is  attadied  to  the  carbon 
of  a  hydroaromatic  nucleus  hydrogen  bromide  splits  out  very  easily. 
The  indications  therefore  are  that  in  the  other  unsaturated  hydrocarbons 
(IV,  VI  and  VIII)  bromine  adds  to  nuclear  carbon  and  hydrogen  bromide 
then  spUts  out  with  formation  of  various  as  yet  unidentified  derivatives. 

In  the  case  of  the  CuHxa  hydrocarbons  prepared  from  tetrahydro  tere- 
phthahc  add,  it  has  not  been  determined  as  yet  whether  they  represent 
the  two  possible  structiural  isomers  (VI  and  VIII)  which  can  be  formed 
from  the  dicarbinol  by  loss  of  water,  or  whether  they  are  only  geometrical 
isomers  of  one  of  these  two  (VI). 

A  discussion  of  the  refractivities  and  magnetic  rotatory  powers  of  the 
new  hydrocarbons  will  be  foimd  in  the  Experimental  Part. 

»  Perkin,  /.  Chem,  Soc,,  87,  634  (1905). 

*  Perkin,  Ibid.,  87,  672  (1905). 
'  Ann.,  279,  389  (1894). 

*  /.  Chem.  Soc.,  87,  667,  iioi,  1102  (1905). 
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In  the  course  of  this  study,  an  improved  process  for  the  production  of 
terephthalic  add  from  cymene  was  developed;  and  the  methods  of  Baeyer 
for  the  preparation  of  A*'*-dihydro-  and  A*-tetrahydroterephthalic  adds 
were  modified  as  so  to  improve  the  yidds  considerably. 

Experimental  Part 

/KDi(h7drozyisopropyl)  Benzene  (X|4-I>i(isopropanol-3)  Benzene) 
(Formula  I). — ^The  raw  material  was  crude  cymene  from  the  paper  mills, 
which  was  washed  with  alkali,  steam  distilled  and  then  fractioned  under 
diminished  pressure.  In  most  cases,  the  distillation  under  reduced  pres- 
sure could  be  dispensed  with,  the  yidds  of  terephthalic  add  being  just 
about  as  good  when  the  dried  steam-distilled  product  was  used  direct. 

This  cymene  was  oxidized  by  boiling  it,  under  a  return  condenser, 
with  a  mixture  of  sodium  dichromate  and  sulfuric  add.  To  a  solution 
of  560  cc.  of  cone.  (sp.  gr.  1.84)  sulfuric  add  in  1500  cc.  of  water,  440  g.  of 
technical  sodium  dichromate  was  added,  and  then  50  g.  of  cymene,  and 
the  whole  boiled  gently  until  the  oxidation  was  completed,  whidi  was 
usually  after  about  48  hours  boiling.  It  was  found  necessary  to  use 
resistance  glass  flasks,  and  to  protect  the  corks  with  tinfoil  against  the 
solvent  action  of  the  cymene. 

Upon  completion  of  the  oxidation,  the  mixture  was  diluted  with  an 
equal  volume  of  water,  the  crude  add  filtered  out,  washed  thoroughly 
with  water,  dried  at  iio^  to  remove  traces  of  cymene,  and  then  washed 
again  with  water  to  remove  small  amounts  of  chromium  salts  not  easily 
eliminated  so  long  as  any  cymene  is  present.  The  product  thus  obtained 
was  micro-aystalline  and  nearly  colorless.  This  method  of  purification 
was  found  more  satisfactory  than  solution  in  alkali  and  repredpitation 
by  add.  Final  ptirification  was  always  accomplished  through  the  methyl 
ester.  Yidd  of  terephthalic  add  by  the  above  process,  25-28  g.,  or 
approximatdy  45%  of  the  theoretical  amount. 

In  spite  of  the  slight  solubility  of  both  terephthalic  add  and  of  its 
methyl  ester  in  methyl  alcohol,  the  add  when  suspended  in  this  solvent 
can  be  esterified  in  two  or  three  hours  by  the  action  of  dry  hydrogen 
chloride.  The  course  of  the  reaction  can  be  followed  by  the  change  in 
the  appearance  of  the  suspended  solid  from  the  granular  condition  of  the 
free  add  to  the  needles  or  plates  characteristic  of  the  methyl  ester.  The 
ester  so  prepared  was  aystallized  once  from  ethyl  alcohol  and  was  then 
quite  pure,  m.  p.  140.8**  (corr.).  Yidd,  80  g.  of  piu^  ester  from  100  g.  of 
crude  add,  or  about  70%  of  the  theoretical  amount. 

By  the  action  of  methyl  magnesiiun  iodide  upon  methyl  terephthalate, 
the  desired  dicarbinol  was  obtained. 

This  step  presented  something  of  a  problem,  owing  to  the  very  slight 
solubility  of  the  ester  in  anhydrous  ether.  After  experimenting  with 
various  methods  and  different  forms  of  apparatus,  the  one  described 
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bdow,  using  the  apparatus  depicted  in  Fig.  i,  was  devised  and  proved 
the  most  satisfactory. 


Fig.  I. 

20  g.  of  methyl  terephthalate  was  placed  in  the  separatory  fimnel  C. 
The  Grignard  reagent  was  prepared  in  the  flask  A  from  10  g.  of  magnesium, 
60  g.  of  methyl  iodide  and  800  cc.  of  anhydrous  ether.  200  cc.  of  an- 
hydrous ether  was  introduced  into  the  retort  E  and  heated  gently  so  that 
the  ether  distilled  over  into  C  at  the  rate  of  about  10  cc.  per  minute, 
there  dissolving  the  crystalline  ester  and  carrying  it  down  into  E.  As 
soon  as  this  saturated  solution  of  the  ester  began  to  enter  the  retort,  a 
small  amount  of  the  Grignard  reagent  was  blown  over  into  the  retort 
by  compressing  the  bulb  G.  Instead  of  a  rubber  bulb,  in  later  experi- 
ments there  was  employed  a  source  of  constant  pressure,  controlling 
the  flow  by  the  stopcock  B.  P  contained  soda-lime  and  calcium  chloride. 
By  this  manner  of  operating,  there  was  never  any  large  excess  of  Grignard 
reagent  in  the  reaction  vessel  E,  and  less  danger  of  splitting  water  out 
of  the  tertiary  alcohol  formed. 

The  ester  was  dissolved  completely  in  3  or  4  hours,  after  which  the 
contents  of  E  were  boiled  gently  for  another  hour,  and  then  left  over 
night  at  laboratory  temperatiu*e.  The  ether 'was  decanted  from  the 
insoluble  addition  product,  the  latter  decomposed  by  ice  and  dil.  hydro- 
chloric add,  and  the  mixture  warmed  on  the  water  bath  to  remove  ether. 
The  dicarbinol  was  then  filtered  off  and  washed  with  water  to  free  it  from 


Digitized  by 


GooQle 


1 682        BIARSTON  TAYLOR  BOGERTT  AND  CLARENCE  PEAVY  HARRIS. 

magnesium  salts.  The  somewhat  sticky  solid  was  heated  at  loo^  for 
half  an  hour  with  200  cc.  of  5%  aqueous  caustic  alkali  solution,  to  elim- 
inate traces  of  iodine  and  to  saponify  any  unchanged  methyl  terephthalate, 
filtered,  washed  free  from  alkali,  and  crystallized  twice  from  50%  ethyl 
alcohol.  The  dicarbinol  was  thus  produced  in  colorless,  short,  lustreless 
needles;  m.  p.  142.4-142.9°  (corr.);  it  was  insoluble  in  water,  but  moder- 
rately  soluble  in  alcohol  or  in  glacial  acetic  add.  The  yield  of  crude 
product  was  15  g.,  or  85%  of  the  theoretical  amount;  of  pure  substance, 
10  g.,  or  50%  of  the  theoretical  amount. 

Calc.  for  CisHisOi:  C,  74.23;  H,  9.28.    Found:  C,  74.0,  73.8;  H,  9.5,  9.4. 

ii4-Diisopropenyl  Benzene  (Formula  II). — ^This  diolefin  was  pre- 
pared from  the  above  carbinol  by  heating  it  with  dry  powdered  potassium 
hydrogen  sulfate.  As  it  polymerizes  very  readily,  some  investigation 
was  necessary  to  ascertain  the  conditions  requisite  for  good  )rields.  The 
following  procediu^e  gave  the  best  results: 

8  g.  of  the  dicarbinol  was  mixed  intimately  with  4  g.  of  powdered  potas- 
sium hydrogen  sulfate  and  distilled  under  reduced  pressiu^,  maintaining 
the  temperature  of  the  bath  at  150®  to  160  **.  At  a  pressure  ol  20  mm., 
the  diolefin  distilled  over  at  no  to  123**,  condensing  to  a  colorless  highly 
refractive  liquid  which  soon  changed  to  a  white  solid.  Yield,  4.5  g.,  or 
68.4%  of  the  theoretical  amount. 

This  hydrocarbon  cr}^stallized  from  dil.  ethyl  alcohol  in  micaceous 
plates  with  high  nacreous  lustre,  and  possessed  a  very  pleasant  odor. 
It  was  easily  soluble  in  the  ordinary  organic  solvents  at  their  boiling 
points.     Recrystallized  to  constant  m.  p.,  it  melted  at  63.6-64**  (corr.). 

Calc.  for  CuHm:  C,  91.13;  H,  8.87.     Found:  C,  90.8,  90.2;  H,  8.7,  8.8. 
M.  W.  calc,  158.     Found:  153. 

Tetrabromide. — Diisopropenyl  benzene  dissolved  in  chloroform  was 
titrated  with  a  standardized  solution  of  bromine  in  the  same  solvent, 
determining  the  end-point  with  starch-iodide  paper.  The  addition  pro- 
ceeded rapidly  at  first,  but  slowed  up  toward  the  dose,  making  the  exact 
reading  of  the  end-point  a  matter  of  considerable  difficulty.  No  evolu- 
tion of  hydrogen  bromide  was  observed  at  any  time  diuing  the  reacticm. 
The  amount  of  standard  solution  consumed  showed  that  the  hydrocarbon 
had  taken  up  4  atoms  of  bromine. 

Evaporation  of  the  chloroform  solution  yielded  a  solid,  together  with  a 
small  amount  of  a  liquid  product.  Recrystallization  of  the  soUd  gave 
pale  yellowish,  cubical  crystals,  m.  p.  130.3-131.3**  (corr.),  of  impure 
tetrabromide.  In  spite  of  3  further  recrystal^zations  from  ethyl  acetate, 
the  product  remained  impure;  but  the  amoimt  of  bromine  found  on 
analysis  indicated  that  it  was  evidently  a  tetra-  and  not  a  dibromide. 
Insufficient  material  prevented  fiuther  work  in  this  direction. 
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i,4-I>ii80propen7l-A^Mlihydrobenzene  (Formula  IV).— Baeyer^*  found 
that  when  terephthalic  add  was  reduced  by  soditun  amalgam,  the  first 
product  of  the  reduction  was  the  A^'^-dihydro  acid.  Upon  boiling  this 
with  water,  the  A^'^-dihydro  add  was  formed,  whereas  heating  with  alkali 
gave  the  A^'*-dihydro  add.  The  latter  is  therefore  the  most  stable  of  the 
three  and  by  carrying  out  the  reduction  at  slightly  devated  temperatures 
without  neutralizing  the  alkali,  the  A^'*  add  was  the  main  product. 

On  repeating  this  work,  we  found  that  the  yield  of  A^-^-dihydro  add 
could  be  materially  increased  by  various  modifications  of  Baeyer's  original 
process,  and  the  method  finally  adopted  was  as  follows: 

10  g.  of  methyl  terephthalate  was  saponified  by  boiling  with  500  cc.  of 
water  containing  5  g.  of  sodiimi  hydroxide,  the  solution  was  cooled  to 
50^,  diluted  to  a  liter  and  reduced  by  successive  additions  of  100  g.  portions 
of  3%  sodium  amalgam,  with  vigorous  stirring,  imtil  the  permanganate 
test*  showed  a  faint  doud  only.  It  is  essential  that  all  of  the  terephthalic 
add  be  reduced  at  this  point  and  before  taking  the  next  step  in  the  process, 
since  the  solubilities  of  its  ester  are  much  the  same  as  those  of  the  methyl 
ester  of  the  dihydro  acid  and  the  complete  separation  of  the  two  is  there- 
fore a  matter  of  no  little  difficulty.  The  mixture  was  heated  an  hour 
longer  on  the  water  bath,  to  complete  the  conversion  of  all  A***^  and  A^'* 
adds  into  the  A*'*  isomer,  the  aqueous  layer  decanted  from  the  mercury, 
nearly  neutralized  and  filtered.  The  filtrate  was  made  strongly  acid  with 
hydrochloric  add,  the  A^^-dihydro  acid  filtered  out,  washed  and  dried. 
Yield,  6.3  g.  of  crude  add,  or  73%  of  the  theoretical  amount. 

ID  g.  of  this  crude  A^'^-dihydro  add  was  converted  into  the  add  chloride 
by  heating  with  excess  of  phosphorus  pentachloride.  The  crude  chloride 
was  cooled  in  a  freezing  mixture  and,  without  fiuther  purification,  cold 
methyl  alcohol  v/as  added  to  it  slowly.  The  ester  separated  almost 
immediatdy  in  small,  white  prisms.  These  were  filtered  out,  washed  with 
methyl  alcohol,  and  recrystallized  from  ethyl  alcohol,  giving  short,  thick, 
lustreless  prisms.  From  ethyl  acetate,  it  crystallized  in  rhombs  resembling 
caldum  oxalate  in  appearance.  Yield,  4.8  g.,  or  41%  of  the  theoretical 
amount.  M.  p.  128.4-129.4*'  (corr.).  Baeyer  gives  the  m.  p.  as  130^ 
imcorrected. 

This  dimethyl  ester  was  treated  with  methyl  magnesium  iodide,  in 
anhydrous  ether  solution,  in  exactly  the  same  way  as  already  described 
for  methyl  terephthalate,  but  no  carbinol  was  isolated,  dehydration 
occurring  under  the  conditions  of  the  experiments  and  the  diolefin  being 
the  sole  product  recovered. 

From  12  g.  of  the  ester,  6.5  g.  of  magnesium  and  38  g.  of  methyl  iodide, 

»  Ann.,  245,  103  (1887);  251,  272,  292  (1889);  256,  I  (1890);  258,  I,  145  (1890); 
266,  169  (1892);  269,  169  (1892);  see  also  Perkin,  /.  Chem.  Soc.,  87,  1083  (1906). 
<  Baeyer,  Ann.,  245,  147  (1888). 
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9.5  g.  crude  product,  of  79%  of  the  theoretical  amount  was  obtained. 
Direct  crystallization  of  this  crude  product  from  alcohol,  or  distillation 
under  diminished  pressure,  followed  by  crystallization  from  alcohol, 
gave  only  the  tmsaturated  hydrocarbon  and  no  dicarbinol.  The  hydro- 
carbon separated  from  alcohol  in  plates,  with  faint  nacreous  lustre,  diffi- 
cultly soluble  in  water,  but  soluble  in  most  of  the  ordinary  organic  solvents 
on  heating.     M.  p.  117-117.5^  (corr.). 

Calc.  for  CuHii:  C,  90.0;  H,  10.    Found:  C,  90.0;  H,  lo.i. 
M.  W.  calc,  160.    Found:  161. 5. 

Tetrabromide. — When  this  hydrocarbon  was  dissolved  in  chloroform 
and  titrated  with  a  standardized  solution  of  bromine  in  the  same  solvent, 
the  bromine  solution  was  decolorized  imtil  i.93  moles,  or  approximately 
4  atoms  of  the  halogen  had  been  taken  up.  At  this  point  the  yellow 
color  of  the  solution  remained  and  a  small  amount  of  hydrogen  bromide 
was  evolved.  Evaporation  of  the  chloroform  solution  yielded  an  oil 
which  could  not  be  handled. 

By  carrying  out  the  addition  of  the  calculated  amount  of  bromine 
in  glacial  acetic  solution,  a  small  amount  of  cubical  crystals  was  secured, 
which  melted  at  107  to  109°  (corr.)  after  recrystallization  from  ethyl 
acetate.    Only  0.13  g.  of  these  crystals  was  recovered. 
Calc.  for  Ci2Hi«Br4:  Br,  66.7.    Found:  67.4. 

Hydrocarbons  from  A^-Tetrahydro  Terephthalic  Acid  (Formulas  VI 
and  VIII). —  A^-Tetrahydro  terephthalic  add  was  produced  from  tere- 
phthalic  acid  according  to  the  method  of  Baeyer,^  with  a  few  modifica- 
tions introduced  to  increase  the  yield.  The  amount  of  crude  tetrahydro 
acid  recovered  averaged  96%  of  the  theoretical  quantity.  The  crude  add 
was  converted  into  the  add  chloride  by  the  action  of  phosphorus  penta- 
chloride,  and  the  chloride  then  changed  to  the  methyl  ester  by  the  action 
of  methyl  alcohol  at  low  temperature.  The  methyl  alcohol  solution  of  the 
ester  so  obtained  was  poiu-ed  slowly  into  a  saturated  aqueous  solution  of 
sodium  hydrogen  carbonate,  which  caused  the  ester  to  separate  on  top 
of  the  solution  as  an  oily  layer  which  quickly  solidified.  This  was  col- 
lected with  ether,  the  ethereal  solution  dried  with  caldiun  chloride  and 
fractioned  imder  reduced  pressure,  the  ester  coming  over  at  153.3  to 
154.5°  (corr.)  at  20  mm.  Yield,  45%  of  the  theoretical  amount.  From 
water,  it  crystallized  in  colorless  needles,  m.  p.  35.2-36.2  **  (corr.),  soluble 
in  most  of  the  ordinary  organic  solvents. 

When  this  ester  was  subjected  to  the  action  of  methyl  magnesium 
iodide,  in  dry  ether  solution,  in  the  manner  described  above  for  the  other 
esters,  the  dicarbinol  was  probably  the  main  product  of  the  reaction, 
because  when  it  was  distilled  under  diminished  pressure,  both  water  and 
unsaturated  hydrocarbon  were  recovered.  Attempts  to  isolate  the  car- 
*  Loc.  cU. 
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binoL  from  the  crude  product  however  proved  fruitless,  so' it  was  heated 
for  15  minutes  at  180  to  190^  with  excess  of  potassium  hydrogen  sulfate, 
water  added,  the  mass  extracted  with  ether,  the  ethereal  solution  sepa- 
rated, dried  over  solid  sodium  hydroxide,  decanted,  the  ether  removed  by 
distillation,  and  the  residue  fractioned  at  20  mm.  pressure. 

From  9  g.  of  crude  carbinol,  there  were  obtained  5  g.  of  a  fraction  (A), 
b.  p.  95-98  **  at  20  mm.,  and  3  g.  of  a  fracticm  (B),  b.  p.  105-108**  at  the 
same  pressure.  Both  were  colorless  oils,  and  on  analysis  proved  to  be 
isomeric  C12H18  hydrocarbons. 

Analysis  of  A  Calc.  for  CuHu:  C,  88.9;  H,  11. i.  Pound:  C,  88.5;  H,  10.98. 
M.  W.  calc,  162.    Found:  164. 

Analysis  of  B.  Calc.  for  CuHu:  C,  88.9;  H,  ii.i.  Found:  C,  88.8;  H,  10.95. 
M.  W.  calc,  162.    Found:  154. 

Upon  long  standing  in  the  air,  both  isomers  became  viscous  and  slightly 
yellow. 

Towards  bromine,  the  behavior  of.  the  two  isomers  was  much  the  same. 
Various  solvents  were  tried.  The  bromine  was  absorbed  quickly  at  the 
outset,  but  very  soon  evolution  of  hydrogen  bromide  began  and  the 
yellow  color  of  the  solution  disappeared  but  slowly.  Addition  of  bromine 
therefore  was  continued  as  long  as  any  reaction  was  evident,  but  the 
products  were  thick  oils,  from  which  no  pure  bromine  dervatives  could  be 
separated. 

Specific  Gravities,  Refractivities,  and  Magnetic  Rotatory  Powers  of 

the  New  Hydrocarbons. 
Specific  Gravity. — The  density  of  the  liquid  hydrocarbons  (CuHn) 
was  ascertained  by  use  of  a  i  cc.  pycnometer.  In  the  case  of  the  solids 
(CisHm  and  CnHia),  the  specific  gravity  was  determined  by  the  ''free- 
swimming"  method  regarded  by  Nemst^  as  the  most  accurate  for  small 
quantities  of  material.    We  employed  the  modification  recomm^ded 

Tabls  I. 
Specific  Gravities. 

liquid.        Subttanoe.  Per  cent.      ,         SolTent.  Specific  fravitj.     Temp.  T4. 

I (a)  ..                   ....  1.0649  22.3 

2 (a)  5.11  Benzene  0.8843  16.0 

3 (a)  4.27  Chlorofonn  1-4547  190 

4 (b)  ..                    1.0669  20.0 

5 (b)  3.76  Benzene  0.8836  16.0 

6 (b)  •     4.79  Chloroform  1-4447  i6fO 

7 (c)**  ..                    0.8715  20.0 

8 (c)**  0.8706  20.0 

9 Benzene  0.8832  17.5 

10 Chloroform  1.4939  15. 8 

II (b)  3.19  Benzene  0.8853  i5-o 

12 (a)  4.57  Benzene  0.8872  15.0 

>  Theoretical  Chemistry,  from  6th  Gtrman  ed.,  191  x»  p.  305. 
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by  Andrae.^  The  density  of  solutions  of  these  solids  was  determined 
with  a  Westphal  balance,  and  chloroform  and  benzene  were  used  as  the 
solvents. 

Table  I  gives  the  results  of  these  determinations,  the  concentration 
of  solute,  density  of  solvent,  and  temperature  (referred  to  water  at  4°). 

In  this  and  the  following  tables,  (a)  =  CuHu,  (b)  =  CuHw,  and  (c)  = 
CuHig;  (c)*^  being  the  fraction  boiling  at  95-98°  at  20  mm.,  and  (c)^®* being 
the  fraction  boiling  at  105  to  108°  at  same  pressure. 

Refractivity. — ^The  determination  of  the  refractive  powers  of  these 
hydrocarbons  was  found  somewhat  troublesome,  because  of  their  slight 
solubility  at  the  temperature  employed,  and  the  relatively  high  m.  p. 
of  the  C12H16  compoimd.  It  was  necessary  therefore  to  use  quite  dilute 
(3%  to  5%)  solutions. 

The  coeflScients  of  refractivity  were  determined  by  means  of  the  Pul- 
frich  refractometer,  using  a  Geissler  hydrogen  tube  as  the  source  of 
illumination.  The  indices  of  refractioln  were  found  in  all  cases  for  the 
a  hydrogen  or  C  line,  and  where  chloroform  solutions  were  used  were 
determined  also  for  the  7  hydrogen  or  G  line. 

Molecular  refractivities  (M)  were  calculated  by  both  the  Gladstone- 
Dale  (Table  III)  and  the  Lorentz-Lorenz  (Table  II)  formulas.  The 
admixttu'e  formulas,  as  given  by  Eisenlohr*  were  employed.  According 
to  Smiles*  the  admixttu'e  formula  is  accurate  "if  the  solvent  and  solute 
have  nearly  the  same  refractive  index;  but  if  these  differ  much  from  one 
another"  the  results  are  not  so  reliable.  Two  solvents,  benzene  and  chloro- 
form, therefore  were  employed  and  the  average  result  taken  as  the  nearest 
approximation  to  the  truth. 

In  Tables  II  and  IV  (Lorentz-Lorenz  formula),  and  III  (Gladstone- 
Dale  formula),  the  liquids  listed  in  the  first  column  are  the  same  as  those 
given  in  Table  I.  Not  much  reliance  should  be  placed  upon  Table  IV, 
as  the  violet  hydrogen  line  was  indistinct  in  the  instrument  used;  and 
for  this  reason  the  dispersivities  were  not  calculated. 

Molecular  ^-efractivities  were  calculated  from  the  atomic  values  re- 
cently revised  by  Eisenlohr;*  figuring,  for  compotmd  II,  12  C,  14  H  and 
5  double  bonds;  for  compound  IV,  12  C,  16  H  and  4  double  bonds;  and 
for  compounds  VI  and  VIII,  12  C,  18  H  and  3  double  bonds. 

To  reduce  the  errors  and  inaccuracies  arising  from  the  determination 
of  molecular  refractivities  in  such  dilute  solutions,  and  to  get  a  nearer 
approach  to  the  truth,  the  average  values  obtained  by  the  use  of  two 
solvents,  benzene  and  chloroform,  differing  considerably  from  each  other 

*  Z.  physik.  Chem.,  76,  491  (191 1). 

*  Spehtrochemie  organischer  VerhindungenJStMttfSBJ[t^igi2y  p.  189. 

*  Chemical  ConstUtUion  and  Physical  Properties,  London,  1912,  p.  244.. 

*  Z.  physik.  Chem.,  75,  585  (1910). 
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in  refractive  index,  were  calculated  and  appear  in  Table  V.  These  were 
figured  from  Table  II,  since  the  Lorentz-Lorenz  formula  is  believed  to  give 
results  more  nearly  correct  than  the  Gladstone-Dale  expression. 

Table  IL 

Mt-Porm. 


Iriquid. 
2... 
3... 
5... 
6... 
7... 
8... 
9... 
10... 


tndex 
HaOrC. 


.49755 
.44985 
.49593 
.45005 
.48717 
.48650 
.49421 
.44172 


Index 
Liquid.  H^  or  C. 


.49755 
.44985 
.49593 
•45005 
.48717 
.48650 


Liquid. 


Index 
H-,  or  G'. 


3 1.46620 

6 1.46570 

7 1.50902 

9 1.52082 

10 1.45852 


M^Porm. 
Spec.  ref. 

0.35868 

0.35660 

0.35167 

0.36475 

0.33013 

0.33080 


if(calc.). 
52.674 
52.674 
53.171 
53.172 
53.670 
53  670 


J/(obs.). 
56.687 
56.343 
56.267 
57.629 
53  481 
53.473 


Table  III. 


w-Porm. 
Spec.  ref. 

0.61985 

0.61320 

0.60398 

0.62642 

0.55902 

0.55883 


fi-PormuIa. 
if(calc.).     Af  (obs.). 


90.2 
90.2 
90.4 

90.4 
90.6 
90.6 


98.01 
96.95 
96.71 
100.31 
90.64 
90.61 


Tabls  IV. 


ii*-Porm. 
Spec.  ref. 

0.36192 

0.36591 

0.34264 


Substance. 

(a) 

(b) 

(c)" 53.670 

(c)"» 53.670 


Table 

AfCcalc.). 

52.674 
53.172 


ns.pormula. 
if(calc.).      Af(ob8.). 

54765        57.184 
.55    I 12        58.546 

55.457        55.508 


Af  (observed). 

56.515 
56.948 
53.481 
53-473 


ExalUtion. 

4.013 
3.669 
3.095 
4.458 
— 0.189 
—0.197 


Exaltation. 
7.81 
6.75 
6.31 
9.91 
0.04 
O.OI 


Exaltation. 

2.419 

3  434 
0.051 


Exaltation. 

3.841 

3.776 

— 0.189 

—0.197 


Bzaminaticm  of  Table  V  discloses  the  fact  that  the  difference  in  exalta- 
tion between  compounds  (a)  and  (b)  is  within  experimental  error.  If 
the  structures  assigned  to  these  two  hydrocarbons  are  correct,  they  differ 
only  in  that  one  contains  a  true  benzene  nucleus  and  the  other  a  dihydro- 
benzene  nucleus.  The  exaltation  observed  in  the  case  of  compoimd 
(b)  is  assumed  to  be  due  to  the  presence  of  two  systems  of  conjugated 
double  bonds.  The  exaltation  recorded  for  compoimd  (a)  therefore 
would  indicate  the  existence  in  it  also  of  two  such  systems  of  double 
bonds,  an  asstmiption  which  is  in  line  with  the  exaltation  characteristic 


Digitized  by 


GooQle 


1 688        BiARSTON  TAYW>R  BOGBRT  AND  CLAR^NCB  PBAVY  HARRIS. 

of  st3n'ene  and  of  other  benzenoid  compounds  having  an  unsattiration 
adjacent  to  the  nucleus,  a  fact  which  has  been  explained  on  the  h3rpothesis 
that  the  external  double  bond  becomes  conjugated  with  an  adjoining 
unsattiration  of  the  nucleus.  The  third  tmsattu'ation  occurring  in  the 
nucleus  of  (a)  must  bear  a  somewhat  different  relation  to"  the  molecule, 
or  there  would  be  5  sets  of  conjugated  double  bonds  present  and  a  corre- 
spondingly higher  refractivity. 

It  is  perhaps  of  interest  to  point  out  here  that  the  Dewar  formula  for 
st3rrene  (IX)  contains  but  one  system  of  conjugated  double  bonds  and 
should  therefore  exhibit  a  smaller  exaltation  than  hexatriene,  and  this 
has  been  found  to  be  the  fact.  On  the  same  formulation,  diisopropenyl 
benzene  (X)  shows  but  two  such  systems  and  the  same  is  true  of  its  di- 
hydro  derivative  (XI).  The  difference  in  refractive  power  between  the 
two  therefore  would  be  that  due  solely  to  the  para  bond.  If  we  regard 
the  centric  formula  for  benzene  as  nearest  the  truth,  we  may  look  upon 
the  Dewar  formulation  as  the  phase  in  which  this  centric  formula  pref- 
erably presets  itself  in  the  case  of  styrene  and  related  compounds.  The 
fact  that  the  first  reduction  product  of  terephthalic  add  is  the  A*'*-di- 
hydro  add  apparently  links  it  up  with  this  para  bond  relation  also. 

That  the  C12H18  hydrocarbons  gave  a  slight  depression  instead  of  an 
exaltation  in  molecular  refractivity  seems  at  first  sight  rather  puzzling, 
in  view  of  the  assiuned  presence  in  thdr  molecules  of  a  conjugated  S3rstem 
of  double  bonds;  but  the  case  is  not  unique,  as  it  falls  exactly  into  line 
with  A^'*-dihydrobenzene,  which  both  Harries^  and  WUlstatter*  found  to 
give  normal  and  not  exalted  values  for  refractivity. 

Magnetic  Rotatory  Power. — ^The  apparatus  employed  consisted  of  an 
dectromagnet  having  a  hollow  core  to  permit  the  passage  of  light,  and 
with  a  polariscope  attached  to  the  same  frame.  The  compound  to  be 
examined  was  placed  in  a  5  cm.  tube  between  the  poles,  and  the  same 
tube  was  used  in  all  the  experiments,  so  as  to  avoid  errors  due  to  varia- 
tions in  the  thickness  of  the  liquid.  The  angle  was  read  to  htmdredths 
of  a  degree,  and  conductivity  water  was  taken  as  the  standard. 

Table  VI  gives  the  angle  readings  with  direct  and  reversed  currents, 
the  total  rotation,  specific  rotation,  calculated  and  observed  molecular 
rotation,  and  magneto-rotatory  exaltation.  The  molecular  rotatory 
power  was  calculated  by  the  usual  formulas  ior  a  pure  liquid  and  for  a 
solution. 

Table  VII  shows  the  average  of  the  results  with  two  different  solvents, 
benzene  and  chloroform.  The  liquids  used  in  Tables  VI  and  VII,  ap- 
pearing in  the  first  column,  are  the  same  as  those  given  in  Table  I. 

>  Ber.,  45,  809  (1912). 
^Ihid.,4St  1468  (1912). 
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Table  VI. 

Rotation. 

' ' '  Spec.  EzalU- 

Ltquid.  Direct.    Reversed.     Total.       rot.      ifCcalc).     if(obs.).      tion. 

Water 4.40  — 1.19  5.59 

3 5-II  — 1. 81  6.92  2.962  13.501  24.404  10.903 

12 7.16  — 3.86  11.02  2.671  13.501  22.003  8.302 

6 4.88  — 1.73  6.61  2.028  13.256  16.753  •3-497 

II 7.09  — ^3.86  10.95  2.019  13-256  16.649  3.393 

7 : 5.79  —2.79  8.58  1.535  13. on  15.852  2.841 

8 5.82  —3.06  8.88  1.588  13. on  16.423  3412 

9 4-86  — 1.54  6.40 

10 7.16  — ^3.77  10.93 

Table  VII. 

Substance.  Spec.  rot.  Af  (calc.).  i/(obs.).  Exaltation. 

(a) 2.817  13.501  23.204     9.703 

(b).... 2.024  13.256  16.701      3-445 

(c) i.56x  13.01 1  16.137     3.126 

In  considering  the  results  obtained  by  magnetic  rotation,  it  may  be 
recalled  that  Perkin*  fomid  the  difference  in  magnetic  rotation  between 
cydohexane  and  benzene,  5.62,  to  be  almost  identical  with  that  observed 
between  hexane  and  hexatriene,  5.55,  and  concluded  that  benzene  con- 
tained 3  conjugated  systems  of  double  bonds.  By  a  comparison  of  the 
rotations  of  limonene  and  the  isomeric  A'''(*)-p-menthadiene,  he  de- 
duced the  value  of  the  conjugation  as  1.82. 

A  glance  at  Table  VII  shows  a  value  of  9.7  for  f -diisopropenyl  benzene, 
or  the  equivalent  of  5  conjugated  systems  of  double  bonds  (5  X  1.82  = 
9.1),  a  result  which  must  be  explained  on  the  assumption  that,  in  the 
magnetic  field  at  least,  this  hydrocarbon  possesses  a  nucleus  corresponding 
to  a  Kekul^  and  not  to  a  Dewar  formula. 

Diisopropenyl  dihydrobenzene  contains  two  conjugated  systems  of 
double  bonds  and  should  accordingly  show  a  rotation  of  2  X  1.82  =  3.64, 
which  is  very  dose  to  the  value  of  3.45  actually  found. 

The  behavior  of  the  tetrahydro  derivatives  (c)  is  analogous  to  that  of 
A^'*-dihydrobenzene,  which  shows  a  normal  refractivity  but  a  magnetic 
rotatory  exaltation,*  although  the  figure  actually  fotmd,  3.1,  is  somewhat 
higher  than  it  should  be  for  the  structures  assigned. 

Recapitulating  the  observations  noted  in  the  foregoing  concerning 
these  new  hydrocarbons : 

Compound  a  (Formula  II,  CuHw)  towards  bromine  gives  no  evidence 
of  the  presence  of  any  conjugated  systems  of  double  bonds,  but  adds 
4  bromines  like  a  simple  diolefin.  Its  molecular  refractivity,  on  the 
other  hand,  indicates  the  presence  of  two  such  systems;  and,  in  the  mag- 
netic fidd,  it  behaves  as  though  possessing  5  such  systems. 

*  /.  Chem,  Soc.,69f  1025  (1896);  91,  810  (1907). 

«  Perkin,  /.  Ghtm.  Soc.,  89,  854  (1906);  91,  806  (1907). 
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b  (Formula  IV,  C^Hie),  in  its  behavior  with  bromine,  its 
■activity  and  its  magnetic  rotatory  power,  acts  consistently 
itaining  two  systems  of  conjugated  double  bonds. 
;  c  (Formulas  VI  and  VIII,  CwHu)  act  towards  bromine 
^  containing  conjugated  double  bonds  such  as  to  cause 
on  and  not  simple  addition  to  side  chains,  although  no  pure 
natives  could  be  isolated.  In  their  molecular  refractivities 
rotatory  powers,  they  resemble  A^»*-dihydrobenzene. 
representation  of  benzenoid  structure,  similar  to  that  pro- 
ie,^  which  includes  different  static  formulas  as  phases  of  its 
ds  itself  best  to  the  interpretation  of  the  behavior  of  the 
described  above. 

Summary, 
ited  hydrocarbons,  related  to  the  terpenes,  have  been  pre- 
action  of  methyl  magnesium  iodide   upon   methyl  tere- 
its  di-  and  tetrahydro  derivatives. 

'  compounds  prepared  were  the  1,4-diisopropenyl  benzene 
|.-diisopropenyl-  A^  '^-dihydrobenzene  (djHie) ;  i  ,4-diiso- 
strahydrobenzene  (dsHig),  or  an  isomer  thereof;  tetra- 
nylene  glycol;  and  certain  bromine  addition  products  of 
ocarbons. 

ictivities  and  magnetic  rotatory  powers  of  the  new  hydro- 
tU  as  their  densities,  have  been  determined  and  are  discussed 
*  to  their  bearing  upon  the  structures  assigned  to  these 
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« 

is  known  concerning  natural  processes  of  building  up  corn- 
organic  compotmds  they  are  limited  to  the  agency  of  vege- 
U  life.  The  circuitous  laboratory  methods  leading  through 
to  intricate  structure  have  no  coimterpart  in  nature  except 
ofluence  of  the  life  principle.  If,  therefore,  such  nitrogen 
I  universally  present  in  petroleum  it  is  difficult  to  avoid  the 
it  these  bodies  had  their  origin  as  evolution  products  of 
nd  that  the  hydrocarbons  with  which  they  are  associated 
from  the  same  source.  The  universal  presence  of  nitrogen 
oc.,  71, 1013  (1897). 
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compounds  thus  becomes  of  considerable  interest  as  a  determining  feature 
of  the  genesis  of  petroletun  especially  since  several  of  the  heavier  varieties, 
notably  those  from  the  California  and  Russian  fields  have  been  found  to 
contain  nitrogen  compounds  in  large  proportions.  In  a  wide  area  of  the 
California  fields  sufficient  organic  debris  has  been  disdosed  to  account 
for  all  the  oil  in  that  region.  The  great  deposits  of  petroleum  here  are 
unique  in  their  conformation,  and  in  respect  to  the  nature  of  the  oil  are 
most  interesting  from  the  point  of  view  of  its  composition.  Like  the 
immense  stores  in  the  Trenton  Limestone  of  Ohio  and  IndiaCna  the  residual 
material  from  which  it  was  formed  is  dose  at  hand.  Recent  discoveries 
in  California  by  Dr.  Dickinson,  of  the  "Martinez"  beds  of  the  locene 
period  has  revealed  in  a  broad  expanse  of  marine  shell  life,  4000  feet 
thick,  an  abundant  supply  of  organic  material  for  the  origin  of  all  the  oil 
in  those  great  fidds.  In  view  of  the  immense  production  of  petroleum 
in  Russia,  chiefly  at  Baku  and  Bibi-Eibat,  it  is  surprising  that  the  Russian 
government  has  made  no  investigation  of  its  origin  nor  of  the  geological 
conditions  of  its  formation.  Were  it  not  for  the  assiduous  labor  of  Mr.  A. 
Beeby  Thompson  who  spent  several  3rears  in  those  oil  fidds  as  an  engineer 
in  the  interests  of  European  promotors  nothing  would  be  known  con- 
cerning them.  The  results  of  his  observations  are  published  in  a  book 
entitled  **The  Oil  Fidds  of  Russia/'  London,  1904.  In  describing  the 
oil  sands  and  associated  rock  strata,  Thompson  denies  an  inorganic  origin 
for  Russian  oil;  vegetable  matter  he  regards  as  doubtful,  but  animal  or 
marine  remains  as  the  more  probable  source. 

Of  the  munerous  speculative  suggestions  relating  to  the  genesis  of 
petroletun,  its  formation  from  carbides  in  the  hot  regions  of  the  earth's 
interior  is  perhaps  the  most  plausible,  for  in  the  laboratory  through 
acetylene  hydrocarbons  may  be  synthesized  from  metallic  carbides. 
Assunnng,  however,  such  questionable  formation  of  carbides,  and  the 
subsequent  synthesis  of  petroleum  hydrocarbons,  it  is  scarcdy  con- 
ceivable that  those  hydrocarbons  could  withstand  intimate  contact 
with  other  volcanic  vapors,  nor  the  intense  heat  of  volcanic  conditions 
which  has  been  suggested  as  the  means  of  their  transference  to  the  geologic 
strata  where  petroleum  is  found.  Still  less  could  the  unstable  nitrogen 
derivatives  of  these  hydrocarbons,  if  their  similar  synthesis  could  be 
imagined,  survive  exposiu'e  to  such  destructive  conditions.  The  only 
possible  source  of  these  bodies  was  organic  matter  imbedded  in  the  rock 
strata,  and  their  solution  in  petroleum  if  formed  from  carbides  could  have 
resulted  only  from  contact  with  infiltrated  liquid  hydrocarbons. 

The  heavier  varieties  of  petroleum  in  the  California,  Texas,  Ohio,  Canada, 
Russian  and  similar  fields,  are  complex  mixtures  of  the  denser  hydrocarbons 
with  oxygen,  sulfur  and  nitrogen  derivatives.  They  all  differ  widdy  in 
composition  from  the  lighter  varieties  in  the  Eastern  territory  of  the 
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United  States,  Pennsylvania,  W.  Virginia  and  the  Berea  Grit  of  Southern 
Ohio,  which  are  fairly  pure  mixtures  of  two  or  three  series  of  hydrocarbons, 
those  of  the  series,  C„H2„  +  2  predominating.  On  account  of  the  present 
isolation  of  the  latter  from  carbonaceous  matter  that  could  in  any  manner 
be  associated  with  their  origin,  except  contiguous  beds  of  coal,  their  source 
is  not  so  readily  apparent  as  that  of  other  deposits.  While  they  are  for 
the  most  part  free  from  sulfur,  minute  traces  of  the  aromatic  hydrocarbons, 
and  oxygen  derivatives  are  generally  to  be  found,  and  nitrogen  derivatives 
as  shown  by  results  to  be  described  in  this  paper,  are  apparently  every- 
where present. 

For  a  more  extended  discussion  of  what  is  here  presented,  as  an  in- 
troduction to  the  experimental  results  of  this  paper,  reference  is  made  to 
former  papers.^ 

That  nitrogen  bases  are  generally  present  in  Japan  petroleum  was 
shown  by  Mabery  and  Takano*  who  found  in  many  samples  from  diflferent 
fields,  percentages  of  nitrogen  varying  from  0.35  to  1.5%.  The  wide 
distribution  of  these  bodies  in  California  petroleum  appeared  in  the 
analysis  of  16  samples  from  as  many  different  fields  that  gave  amounts 
from  i.o  to  2.55%.  Ten  samples  of  Ohio-Trenton  I<imestone  petroleum 
gave  percentages  between  0.23  and  0.55%.  Engler*  enumerated  the  foreign 
petroleum  fields  where  nitrogen  bases  have  been  identified — Germany, 
Galada,  Rumania,  Sumatra,  South  America,  Egypt  and  Algiei^,  showing 
their  wide  distribution. 

These  bases  have  been  variously  referred  to  as  pyridine  and  quinoline 
or  their  derivatives  by  those  who  have  separated  them,  more  especially 
on  account  of  their  peculiar  odor,  and  their  general  properties.^  In  a 
more  extended  examination  of  the  basic  oil  extracted  from  California 
petroleum,  a  series  of  bases  were  separated  that  appeared  to  be  hydro- 
derivatives  of  methyl  quinolines,*  but  further  study  of  their  structure 
two  years  ago,  imdertaken  in  this  laboratory  at  my  suggestion  by  Dr. 
L.  G.  Wesson,  the  results  of  which  are  not  yet  published,  appears  to 
indicate  that  these  individual  bases  are  straight  methyl  quinolines. 

With  the  object  in  view  of  demonstrating  that  the  lighter  varieties  of 
petroleum  in  the  Bastem  fields  contain  nitrogen  bases,  through  the  generous 
kindness  of  Mr.  Orton  C.  Dunn*  of  Marietta,  O.,  5  years  ago  I  was  able  to 

*  "Mahone  Petroleum.  Its  Origin  and  the  Origin  of  Petroleum  in  General,"  /.  Ind. 
Eng.  Ckem,,  33,  242  (1914);  and  "The  Relations  in  Chemical  Composition  of  Petroleimi 
to  Its  Genesis  and  Geologic  Occurrence,"  Econ.  Geol.,  1916. 

*  /.  Soc.  Chem,  Ind.,  19,  502  (1900). 
'  Das  Erdol,  Leipsic,  19x3. 

*  Mabery,  /.  Soc,  Chem,  Ind.,  18,  504  (1900). 

'  With  his  scientific  education  and  lifelong  connection  with  the  oil  ,and  gas  in- 
dustry of  this  section,  there  are  few  men  so  thoroughly  conversant  with  the  geology, 
manipulation,  and  technology  of  the  Eastern  fields  as  Mr.  Dunn. 
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procure  authentic  samples  from  widely  different  sections  of  this  territory, 
and  I  have  since  been  occupied  with  the  aid  of  several  assistants,  a  con- 
siderable portion  of  the  time -in  the  study  of  these  interesting  specimens. 

The  following  table  presents  the  descriptive  data  of  these  specimens 
with  those  of  certain  heavier  varieties: 

Table  L 
Data  of  Analyzed  Qpecfanena. 

Serial  Feet  In 

number.       I^ocaUty.  Rock  ftrate.  depth.  General  date. 

X    £>tKlley>  O Berea  grit  1400       Center  of  Mackaburg 

Field 

2  Emblenton,  Pa Rosenberg  sand'  1240       Jane  Oil  Co.,  2nd  sand 

below  Berea  grit 

3  Malto,  Ohio First  cow  run  38        1000    feet    from    out- 

crop. Well  50  3rrs. 
old.    2  bbb.  per  day 

4  Coming,  Ohio Berea  grit  sand  1150       FromJ.  Denman&Son 

5  Marietta,  O Goose  run  sand  150        Upperaiost   producing 

strata.  Hast  of 
Missisdppi  River. 
200  feet  above  Pitts- 
burgh coals 

6  Newport,  Ohio Berea  grit  1170        Eureka  field 

7  Cabin  Creek,  W.  Vir- 

ginia      Berea  grit  2700        Deepest  Berea  grit  oil 

sand,  running  15 
mo8. 

8  TIttisville,  Pft Third  sand  1200       I^axgest  producing  sand 

in  Western  Pennsyl- 
vania 

9  Bmblenton,  Pa Third  sand  1080        Largest  producing  sand 

in  Western  Pennsyl- 
vania 
xo    Huoible  Field,  Texas, 

mndium Sand  2750       From  Sun  Oil  Co. 

11  Bartlesville,  Okla 

12  VhkUm,  La 275a       From  Texas  Oil  Co. 

13  Mahone  Valley Pure  quartz  sand  150        Field  flooded  by  great 

reservoir 

14  Mecca,  Ohio Sand  130  Produdng  30  yn. 

15  Sour  Lake,  Texas Sand  1300  Sun  Oil  Co. 

16  Beaumont,  Texas Sand  1000  Sun  Oil  Co. 

17  Jennings,  La Sand  2000  Texas  Oil  Co. 

18  Caddo,  La Sand  2200  Sun  Oil  Co. 

19  Hnmble  Fldd,  Texas, 

light 950-1300    Sun  Oil  Co. 

20  Morris,  Kansas 

21  Baku,  Russia Sand  Standard  Oil  Co. 

For  the  detection  of  the  nitrogen  bases  and  determination  of  nitrogen 
3  methods  were  employed.    As  a  qualitative  test  one  or  two  liters  of  the 
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crude  oil  was  vigorously  agitated  diuing  several  hours  with  dU.  hydro- 
chloric add,  the  aqueous  solution  neutralized  with  soditun  hydroxide 
and  extracted  with  ether.  Every  specimen' examined  left  an  evaporation 
of  the  ether,  an  oily  residue  with  the  characteristic  odor  of  the  similar 
bases  extracted  from  California  and  Russian  petroleum  in  much  larger 
amounts.  The  smallest  yields  were  observed  from  the  lightest  Berea 
Grit  and  Pennsylvania  crudes,  but  even  these  slight  residues  redissolved 
in  acid  and  again  precipitated  with  the  alkali.  Since  adds  do  not  remove 
completdy  the  basic  constituents,  quantitative  results  were  not  possible 
by  this  method. 

Volumetric  Determination  of  Nitrogen. 
On  accotmt  of  the  minute  amounts  of  nitrogen  in  the  crude  oils,  and  the 
diflSculty  of  burning  a  large  weight  of  the  oil,  the  details  of  combustion 
had  to  be  espedally  adapted  and  applied  with  the  utmost  care.  Since  the 
combustion  of  a  gram  of  the  lighter  oils  gave  only  a  few  tenths  of  a  cc. 
of  nitrogen,  the  preparation  of  carbon  dioxide  of  suffident  purity,  the 
removal  of  nitrogen  from  the  copper  oxide  and  the  complete  combustion 
of  the  gases  evolved  in  analysis  altogether  formed  an  extremely  laborious 
task.  Next  to  setting  up  a  vacuiun-tight  apparatus  the  most  tedious 
detail  was  the  preparation  of  carbon  dioxide  suflSdently  free  from  tm- 
absorbable  gas  and  the  removal  of  this  gas  from  the  apparatus.  At- 
tempts in  the  beginning  to  use  magnesite  failed  on  account  of  the  large 
volume  of  gas  needed,  and  also  because  magnesite  from  several  different 
sources  contains  a  considerable  proportion  of  nitrogenous  organic  matter 
that  decomposes  slowly  at  the  temperature  at  which  carbcm  dioxide 
is  evolved.  Sodiiun  hydrogen  carbonate  and  manganous  carbonate  are  so 
porous  it  is  impossible  to  expd  by  heat  all  the  air  from  the  large  amount 
necessary  for  the  desired  voliune  of  carbon  dioxide.  All  commerdal 
potassium  carbonate  contains  at  least  0.5%  of  chloride,  and  diloride- 
free  it  costs  $2.00  per  lb.  But  after  removal  of  the  chloride  by  silver 
sulfate,  long  operation  with  this  carbonate  was  unsatisfactory  in  the  re- 
moval of  nitrogen.  As  a  last  resort  commercial  soditmi  hydrogen  car- 
bonate was  fotmd  to  contain  only  a  trace  of  chloride  that  is  not  objec- 
tionable, but  on  account  of  its  porosity,  it  persistently  retains  air.  In  the 
preparation  of  a  ^^enerator,  12  kg.  of  this  carbonate  was  partly  dissolved 
in  5  liters  of  boiling  water  and  the  boiling  continued  for  some  time,  then 
transferred  boiling  hot  to  an  8-liter  bottle  and  the  boiling  continued  by 
vacuum  with  frequent  shaking,  until  it  was  cooled  to  room  temperature 
and  the  vacuum  finally  let  down  with  acid.  The  generator  bottle  was 
dosed  with  a  rubber  stopper  twice  perforated  for  a  dropping,  glass  stop- 
pered, sulfuric  acid  container,  and  an  exit  tube,  and  the  neck  indosed  in  a 
wide,  sheet  iron  cup  which  was  filled  to  nearly  the  top  of  the  nedc  with 
plaster  of  Paris.    Within  this  endosure  which  extended  above  the  dtop- 
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cock  of  the  add  supply  was  contained  suflSdent  castor  oil  to  seal  the 
stopper  and  if  necesscuy  the  stopcock.  The  sulfuric  add  used  for  genera- 
ting carbon  dioxide  was  diluted  with  an  equal  volume  of  water  which  was 
kept  constant  while  the  mixture  was  boiled  for  an  hour;  it  was  then  partly 
cooled,  quiddy  poured  into  a  separatory  ftmnd  under  a  layer  of  gasoline 
and  the  funnd  kept  full  of  carbon  dioxide.  As  the  add  was  used  in  the 
generator  the  delivery  bulb  was  also  kept  full  of  carbon  dioxide.  The 
nitrogen  was  collected  in  a  Schiff  nitrometer  with  a  long  capillary  extension 
graduated  to  tenths  of  a  millimeter.  A  power  pump  with  a  gage  gradu- 
ated to  millimeters  and  capable  of  exhaustion  to  less  than  0.5  mm.  was 
used  for  obtaining  a  vacuum,  with  a  large  bottle  behind  it  filled  with 
pumice  moistened  with  sulfuric  add  to  retain  moisture.  Between  this 
bottle  and  a  full  length  manometer  was  an  opening  for  testing  the  gas 
and  running  it  off  in  large  amotmts. 

Complete  combustion  of  the  gases  evolved  in  the  analysis  of  petroleum 
oils  as  they  are  mixed  with  a  large  proportion  of  carbon  dioxide  requires 
a  high  temperature  and  long  contact  with  copper  oxide.  While  a  glass 
tube  must  be  used  for  the  initial  decomposition  it  x^annot  withstand  the 
final  temperature  in  vacuum  operation.  Copper  oxide  slowly  fuses  into 
a  quartz  tube  unless  a  carborundum  sleeve  is  inserted  which  is  incon- 
venient, and  quartz  becomes  extremdy  brittle  and  breaks  easily  on  con- 
tinued heating  especially  at  very  high  temperatures.  But  it  is  suffidently 
durable  for  a  limited  number  of  determinations,  and  was  used  for  the 
combustions  that  were  started  in  vacuum.  For  a  part  of  those  that  were 
made  under  atmosphere  pressure  a  steel  tube  was  employed  with  the 
advantage  that  temperatures  could  be  maintained  up  to  the  fusion  of  the 
copper  oxide. 

The  method  of  analysis  was  a  combination  of  the  Dtmias  procedure 
for  nitrogen  and  the  oxygen  combustion  for  carbon.  In  the  glass  tube 
in  the  rear  furnace  half  filled  with  copper  oxide,  a  vacant  space  was  re- 
served for  the  boat  containing  the  oil  with  an  oxidized  copper  roll  dose 
behind  it,  in  the  analysis  of  the  lighter  oils,  and  behind  that  a  large  boat 
filled  with  fused  potassium  chlorate.  In  the  forward  furnace  the  quartz 
or  sted  tube  was  filled  the  length  of  the  furnace  with  coarse  wire  copper 
oxide  and  the  projecting  ends  were  kept  cold.  Tight  joints  at  the  ends  of 
both  tubes  were  maintained  with  seals  of  castor  oil  over  rubber  stoppers. 
Other  connections  were  made  vacuiun  tight  by  means  of  a  special  form  of 
thidc  rubber  tube  with  narrow  bore,  obtained  from  the  Nda  Park  labora- 
tory of  the  General  Electric  Company,  also  luted  with  castor  oil. 

With  all  connections  of  the  apparatus  properly  adjusted  the  next  step 
was  the  removal  of  air  which  induded  the  film  adhering  to  the  entire 
inner  surface,  the  adsorbed  gas  from  the  copper  oxide,  and  most  difficult 
of  all  that  persistently  held  by  the  solid  hydrogen  carbonate.    Then  with 
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the  temperature  of  the  copper  oxide  in  the  glass  tube  held  as  high  as  the 
tube  would  stand,  and  in  the  silica  tube  at  full  red  heat,  the  system  was 
repeatedly  evacuated  and  filled  with  carbon  dioxide  extending  through 
several  days,  until  tests  showed  that  the  unabsorbable  gas  was  removed 
to  the  limit  of  at  least  one  part  in  30,000,  and  combustion  of  one  g.  of 
sugar  gave  o.i  cc.  of  gas  not  absorbed,  when  part  of  the  analyses  were 
made,  and  0.05  cc.  at  other  times,  which  were  the  corrections  applkd 
to  the  specimens  of  oil  analyzed.  Continuous  <^>eration  of  the  apparatus 
for  two  weeks  until  the  supply  of  bicarbonate  in  the  generator  was  com- 
pletely exhausted  failed  to  reduce  the  amount  of  unabsorbaUe  gas  lower 
than  this  limit.  Since  the  nitrogen  bases  in  petroleum  are  not  volatile 
in  air  or  in  vacuum  at  ordinary  ^temperatures  in  the  analysts  of  the  lighter 
oils  much  time  was  saved  by  allowing  the  more  volatile  hydrocarbons 
to  evaporate  in  the  air  to  the  extent  of  ^/t  or  more  of  the  wdght  of  the 
oil,  and  complete  combustion  of  these  oils  was  more  readily  assured  by 
b^;inning  the  analysis  under  vacuum.  Since  nitrogen  is  always  held 
by  the  residual  coke  this  must  be  completely  burned  in  a  stream  of  oxygen 
from  the  rear  potassium  chlorate;  a  slow  evohition  of  oxygen  from  the 

Tabls  n. 
Percentages  of  Nitrogen  in  Spedmens  of  Table  I. 

Serial  Total  wt.      Cc  of     Correc-    No.  cc.      %  nitro-         %  bj 

number.  Sp.  gr.  of  oil.       nitrogen,    tion.        in  oil.    fen  in  oO.    Kjadalil. 

1 0.8338  0.6475  0.25  0.09  0.16  0.027  0.022 

2 0.8809  0.7890  0.21  0.09  O.I  0.0136  0.014 

3 0.8326  0.8707  0.41  0.09  0.32  0.039  0.043 

4 0.8404  0.9205  0.45  0.09  0.36  0.41  0.045 

5 0.7907    '0.9865  0.24  0.09  0.15  0.016  0.019 

6 0.7904  1.0876  0.33  0.09  0.24  0.024  0.014 

7 0.8139  1.0732  0.39  0.09  0.30  0.029  0.049 

8 0.7904  0.7525  0.22  0.09  0.X3  0.0x8  O.OI 

1.2445  0.1$  O.Q5  O.XO  o.oz 

9 0.8007  0.8913  0.19  0.09  O.I  0.012  o.oii 

1.7550  0.20  0.05  O.I5  O.OII 

10 0.9066  0.7535  0.54  0.09  0.45  0.058  0.068 

II 0.8625  0.6458  0.58  0.09  0.48  0.974  0.082 

12 0.90x4  0.6854  0.55  0.09  0.46  0.067  0.079 

13 0.9036  0.9023  0.40  0.05  0.35  0.049  O.Q54 

14 0.9023  0.7020  0.35  0.05  0.30  0.054  0.044 

15 0.9302  08218  0.64  0.09  0.55  0.067  0.082 

16 0.9175  0.5630  0.25  0.09  0.16  0.023  0.016 

17 0.9054  0.6220  0.39  0.09  0.30  0.48  0.039 

18.... 0.8584  0.6000  0.39  0.09  0.30  0.050  0.057 

19 0.8227  1.99S5  0.39  0.09  0.30  0.015  0.017 

20 0.8499  0.9870  0.44  0.09  0.35  0.035  0,045 

21 0.8650  0.7021  0.45  0.05  0.40  0.071  0.06 

Coke  (No.  7)  from  1000  g. 

oil,  70  g.  ccdce 1.6501  1.8  0.09  1.76  0.13 

Nitrogen  from  oil  retained  in  coke 0.009 
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beginning  of  the  combustion  without  the  aid  of  the  copper  roll  is  suflSdent 
to  prevent  backward  distillation,  and  it  aids  the  forward  movement  and 
partial  binning  of  the  gases.  After  the  oil  is  completely  binned  the  tubes 
are  swept  dear  of  nitrogen  with  carbon  dioxide  from  the  generator,  and  the 
reduced  copper  oxide  reoxidized  with  tank  oxygen.  If  .this  be  done  with 
the  tubes  hot,  after  a  few  evacuations  the  sjrstem  is  ready  for  the  next 
analysis.  Even  with  this  large  surface  of  copper  oxide  the  combustion 
cannot  be  pushed  too  rapidly  for  unbumed  gases  will  escape.  One  g.  of 
oil  requires  two  to  three  hours  in  safe  operation.  The  average  room 
temperature,  25°,  and  the  average  barometer  readings  740  mm.  were  used 
in  the  reduction  of  the  voltune  of  nitrogen  to  standard  conditions.  In  the 
preceding  table  are  presented  the  data  of  the  volumetric  determinations 
together  with  analysis  of  the  same  specimens  by  the  Kjddahl  method 
using  5  g.  of  the  oil,  which  were  made  by  Professor  M.  F.  Coolbaugh. 

Summary. 

Proof  has  been  given  of  the  presence  of  nitrogen  in  petroleum  of  all  the 
prindpal  oil  fidds,  in  forms  of  combination  that  could  have  had  thdr 
origin  only  in  the  remains  of  vegetable  or  animal  bodies.  Presumptive 
evidence  has  been  shown  that  the  assodated  hydrocarbons  in  petroleum 
had*  the  same  origin. 

A  spedal  method  of  analysis  for  the  determination  of  minute  propor- 
tions of  nitrogen  in  oils  is  described. 

CLHvSLAMb,  Omo. 
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STUDIES  IN  THE  CYCLOPROPANE  SERIES.    IX.  NITROCYCLO- 
PROPANE  DERIVATIVES. 

By  Elmer  Peter  Kohlbr  and  M.  Srinivasa  Rao. 

Received  August  27,  1919. 

The  following  paper  deals  with  a  cyclopropane  derivative  which  has 
an  alkyl  group  in  place  of  one  of  the  aryl  groups  contained  in  all  the 
nitrocydopropane  derivatives  described  in  earUer  papers.  Substances  of 
this  type  are  not  easily  made.  In  order  to  avoid  com'plications  in  pre- 
paration it  finally  proved  necessary  to  use  tertiary  butyl  compounds. 
The  substance  studied,  therefore,  was  phenyl-trimethylacetyl-nitro- 
cydopropane: 

(l)  (2) 

CeHjCH  —  CHCOC(CH,)3 

\/ 

(3)CHN0, 

This  substance  Was  made  without  mudi  difficulty  by  adding  nitro- 
methane  to  benzalpinacoline,  brominating  the  addition  product,  and 
eliininating  hydrogen  bromide  from  the  resulting  bromo  compound: 
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CeH»CH  :CHCOC(CH,),  +  CH,NO,  =  C«H»  —  CH  —  CH,COC(CHa)a  (I) 

I 
CH2NO, 

CeH»CHCH,COC(CH,),  +  Br,  =  C«H»CHCHBrCOC(CH,), 

I  I  +HBr  (II) 

CHiNOi  CHjNO, 

CeH»CHCHBrC0C(CH,)8  CeHjCH  —  CHCOC(CH,), 

I  -fCH,COaC=  \/  (HI) 

CHsNOj  CHNO,  -I-  KBr  +  CH,CO,H 

The  reactions  are  similar  to  those  used  in  the  earlier  work  but  the 
bromo  compound  does  not  give  up  hydrogen  bromide  nearly  so  easily 
as  the  corresponding  substances  containing  only  aryl  groups,  hence  the 
yield  of  cyclopropane  derivative  was  smaller. 

The  substitution  of  a  tertiary  butyl  for  a  phenyl  group,  as  was  to  be 
expected,  does  not  materially  alter  the  chemical  properties  of  the  cyclo- 
propane derivative.  Unfortunately  it  also  does  not  lower  the  boSing 
point  of  the  products  obtained  from  the  cyclopropane  derivative  suffi- 
ciently to  make  separations  by  vacuum  distillation  feasible — one  of  the 
advantages  we  hoped  to  gain  by  the  substitution. 

The  cyclopropane  derivative  readily  combines  with  other  substanoes; 
the  ring  in  all  cases  opens  between  carbon  atoms  (i)  and  (2).  The  struc- 
ture of  the  products  was  established  with  less  difficulty  than  we  antici- 
pated. Thus  with  bases  the  substance  gave  a  product  which  has  the 
composition  C9H18O2,  and  which  must  be  a  diketone  because  it  gives  a 
copper  derivative  when  shaken  with  a  solution  of  copper  acetate,  and 
two  isomeric  isoxazole  derivatives  when  treated  with  hydroxylamine. 
The  structure  of  this  di-ketone  was  established  by  synthesis  from  ethyl 
phenylacetate  and  pinacoline: 
CbHbCHjCOOCHb  +  CHaCOCCCHa),  = 

CeHjCHjCOCHjCOCCCH,),  +  CiH»OH. 
It  is  evident  that  this  substance  can  be  formed  from  the  cyclopropane 
derivative  only  by  opening  the  ring  between  carbon  atoms  (i)  and  (2), 
the  reaction  being  expressed  by  the  equation : 

C«H6  —  CH  —  CHCOCCCHa), 

\  /  +  NaOH  =  CJI.CH^COCHaCOCCCH,),  +  NaNO, 

CHNO, 

Yhe  product  obtained  by  adding  hydrogen  bromide  to  the  cyclopro- 
pane derivative  has  the  composition  CuHisOsNBr.  It  very  easily  loses 
both  nitrous  and  hydrobromic  adds,  but  by  cautious  treatment  with 
potassiiun  acetate  it  is  possible  to  convert  it  into  an  unsaturated  nitro 
compound  which  is  isomeric  with  the  cjrdopropane  derivative,  CmHitOjN, 
and  which  must  have  a  double  linkage  next  to  the  phenyl  group  because 
it  gives  benzaldehyde  as  one  of  the  oxidation  products.  When  this  un- 
saturated nitro  compound  is  treated  with  hydrogen  bromide  in  glacial 
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acetic  add  it  not  only  adds  hydrobromic  acid  but  also  undergoes  reduc- 
tion, the  reaction  being  expressed  by  the  equation: 

Ci4Hi70,N  +  3HBr  =  Ci4H,60NBr  +  Br,  +  2H,0. 
The  resulting  bromine  compound,  finally,  when  reduced  with  zinc 
gives  one  of  the  isoxazole  derivatives  that  is  obtained  from  the  jS-diketone 
in  accoitlance  with  the  equation: 

CJI,CH,COCH,COC(CH,),  -|-  NH,OH  =  C«HtCH,C  —  CH  =  CC(CH,), 

II  I  +2H,0 

N O 

This  relation  establishes  the  structure  of  all  the  intermediate  products, 
the  successive  reactions  being  represented  by  the  following  equations: 
C«mCH  —  CHCOC(CH,), 

\  /  -h  HBr  =  C.H*CHBrCHNO,CH,COC(CH,),  (I) 

CHNO, 
C«H*CHBiCHNO,CH,COC(CHa),  —  HBr  =  CcH^CH :  C(NOi)CH,COC(CH3)a     (II) 
C»H»CH :  C(NO,)CH,COC(CH,),-|-3HBr  =  C.H»CHBiC— CH  =  CC(CH,), 

II  I     4-Br,-|-2H,0  (III) 

N O 

C«H»CHBrC  —  CH  »  C(CH,),  CHjCHiC  —  CH  *  CC(CH,), 

II                   I              4-Ht-                  II  I  -fHBr     (IV) 

N O  N O 

Experimental  Part. 

T-Nitro-z^phenyi-propyl-tertiary  butyl  ketone,  N02CH,CH(C6H6)CH,- 
COC(CH|)j. — ^A  very  concentrated  solution  of  sodium  methylate  con- 
tsdning  3  g.  of  sodium  was  added  to  a  solution  of  19  g.  of  benzalpina- 
coline  and  4  g.  of  nitromethane  in  45  cc.  of  dry  methyl  alcohol.  The 
mixture  was  ^baken  until  all  of  the  sodium  nitromethane  had  gone  into 
scrfution  and  then  immediately  cooled  in  ice  water.  The  well  coded 
yellow  or  orange  colored  solution  was  acidified  with  glacial  acetic  acid 
whidi  was  added  drop  by  drop  while  the  mixture  was  stirred  vigorously. 
This  precipitated  the  product  as  a  white  powder  contaminated  with  a 
small  quantity  of  oil  and  with  sodium  compounds  that  are  held  tenaciously. 
The  powder  was  washed  with  cold  methyl  alcohol  to  remove  the  oil  and 
then  very  thoroughly  with  water  to  remove  sodium  compounds.  This 
left  a  colorless  product  which  after  drying  was  sufficiently  pure  for 
bromination.  For  the  purpose  of  analysis  it  was  crystallized  from  methyl 
alcohcd  from  which  it  separated  in  minute  colorless  plates. 

Calc  for  Ci4Hi»Os:  C,  67.4;  H,  7.7.    Found:  C.  67.1;  H,  7.5. 

The  mtro4[etone  is  readily  soluble  in  all  common  organic  solvents 
except  Ugroin.     It  melts  at  74°.    The  yi^d  was  80  to  90%. 

'y-Nitro-/^phenyl-cK*bromo-propyl-tertiary  but]^  ketonei  NOjCHjCH- 
(C«H»)CHBrCOC(CHt)s.— For  the  purpose  of  bromination  the  nitro- 
ketone  was,  as  usual,  suspended  in  a  small  quantity  of  diloroform  or  car- 
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bon  tetrachloride.  With  the  pure  substance  the  reaction  starts  promptly 
at  the  ordinary  temperature,  but  the  crude  washed  and  dried  product 
usually  has  to  be  heated  to  the  boiling  point  of  the  solvent.  The  ketone 
dissolves  as  the  reaction  proceeds  and  the  bromo  compounds  generally 
begin  to  separate  before  it  is  complete.  After  adding  a  slight  excess  of 
bromine  the  solvent  was  removed  under  diminished  pressiwe  and  the 
solid  residue  washed  repeatedly  with  small  quantities  of  methyl  alcohol. 
This  left  a  colorless  mass  composed  mainly  of  two  isomeric  a-bromo 
compoimds.    The  yield  of  mixed  bromo  compounds  was  92%. 

In  order  to  separate  the  mixture  of  monobromo  compounds  it  was 
first  extracted  two  or  three  times  with  small  quantities  of  boiling  methyl 
alcohol.  The  residue — composed  mainly  of  the  higher  melting  sub- 
stance— after  several  crystaUis^ations  from  methyl  alcohol  gave  a  product 
which  separated  in  large  needles  melting  constantly  at  143-144^.  This 
bromo  compound  is  sparingly  soluble  in  methyl  and  ethyl  alcohols,  mod- 
erately in  chl<»:oform  and  carbon  tetrachloride,  readily-  in  acetone. 
Calc.  for  CiiHisOjNBr:  C,  512;  H,  5.5     Found:  C,  50.9;  H,  5.6. 

The  lower  melting  compound  was  obtained  by  repeated  recrystalliza- 
tion  of  the  solid  that  separated  from  the  first  methyl  alcoholic  extract  of 
the  mixed  substances.    It  separated  in  colorless  plates  which  melted  at 

74-75 ''• 

Calc.  for  Ci«Hi80jNBr:  C,  512;  H,  5.5.    Found:  C,  513;  H,  5.8. 

i-Phenyl-2-trimethylacetyl-3-nitro    cyclopropane,    CeHsCH — CHCO- 

\/ 
CHNQ2 

C(CH«)t. — ^The  lower  melting  bromo  compound  is  stable  in  boiling  methyl 

alcohol  but  it  is  rapidly  conv^ed  into  the  higher  melting  isomer  by 

methyl  alcoholic  potassiiun  acetate.    Thus  a  pure  specimen  melting  at 

75**  was  boiled  with  methyl  alcohol  for  nearly  an  hour  without  change  in 

melting  point  but  when  boiled  for  another  hoiu*  after  a  little  potassium 

acetate  had  been  added  to  the  solution  it  melted  sharply  at  145°.    Both 

bromo  compounds,  consequently,  give  the  same  cyclopropane  derivative. 

This  was,  therefore,  commonly  made  by  starting  with  the  mixed  bromo 

compotmds. 

The  elimination  of  hydrobromic  add  is  so  difficult  that  it  is  not  feas- 
ible to  transform  a  given  quantity  of  the  bromo  compounds  completely 
into  cyclopropane  derivative  in  a  single  operation,  for  after  the  concen- 
tration of  the  cyclopropane  derivative  reaches  a  certain  point,  boiling 
potassium  acetate  decomposes  it  as  rapidly  as  it  removes  hydrogen 
bromide  from  the  bromo  compounds.  The  most  satisfactory  procedure 
was  as  follows. 

A  concentrated  solution  of  25  g.  of  the  mixed  bromo  compothids  in 
methyl  alcohol  is  boiled  with  8  g.  of  potassium  acetate  for  half  an  hour. 
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Eight  g.  more  of  potassium  acetate  is  then  added  gradually  to  the  boiling 
sohition,  and  the  mixture  refluxed  for  another  15  minutes.  Half  of  the 
methyl  alcohol  is  now  distilled  off  and  the  residue  cooled  in  a  freezing 
mixture.  The  resulting  solid  is  washed  first  with  a  little  methyl  alcohol, 
then  with  water  until  free  from  bromide.  The  colorless  solid  remaining 
is  dissolved  in  the  minimum  amount  of  boiling  methyl  alcohol  and  the 
solution  allowed  to  cool.  It  deposits  the  cyclopropane  derivative  in 
large  transparent  cubes  which  after  washing  with  methyl  alcohol  are 
analjrtically  pure.  The  filtrate  may  deposit  some  more  cubical  crystals 
but  the  second  crop  generally  is  a  mixture  composed  largely  of  needles 
of  the  higher  melting  bromo  compotmd.  While  the  mixture  may  be 
separated  mechanically,  it  is  more  economical  to  repeat  the  treatment 
with  potassium. acetate. 

The  yield  of  pure  cyclopropane  derivative  was  about  60% — ^the  sub- 
stance oystallizes  in  cubes  and  melts  at  94^.  It  is  readily  soluble  in  all 
conmion  organic  solvents  except  ligroin. 

Calc.  for  C14H17O1N:  C,  67.9;  H,  6.9.  Found:  C,  67.5;  H,  6.7. 
Action  of  Alkalies. — ^The  cyclopropane  derivative  is  readily  attacked 
by  alkalies.  These  invariably  remove  nitrous  add  from  the  substance 
and  tmder  most  conditions  they  transform  it  into  a  number  of  oily  prod- 
ucts from  which  it  is  impossible  to  isolate  pure  compotmds.  The  fol- 
lowing procedure,  however,  gave  a  fair  3rield  of  a  solid  product:  A  con- 
centrated solution  of  sodium  methylate  containing  6  g.  of  sodium  in  50 
cc  of  dry  methyl  alcohol  was  added  slowly  and  with  constant  shaking 
to  a  suspension  of  20  g.  of  the  cyclopropane  derivative  in  15  cc.  of  the 
same  solvent,  which  was  cooled  in  ice  water.  The  mixture  was  then 
vigorously  shaken  on  a  machine.  After  several  hours,  during  which  all 
of  the  substance  dissolved  and  most  of  the  sodium  nitrite  separated,  it 
was  transferred  to  a  vacutun  desiccator  and  evaporated  to  complete 
dr3mess  over  sulfuric  add.  This  left  an  orange  colored  residue  composed 
mainly  of  sodium  nitrite  and  an  organic  soditun  compound.  The  latter 
was  extracted  with  methyl  alcohol  and  the  well  cooled  solution  cautiously 
addified  with  sulftuic  add.  The  resulting  solid  was  purified  by  reoys- 
tallization  from  methyl  alcohol. 

Calc.  for  Ci4Hi802:  C,  77.1;  H,  8.2.     Found:  C.  77.2;  H,  8.4. 
The  composition  of  the  substance  indicated  replacement  of  the  nitro 
group  by  hydroxyl: 

CACH  —  CHCOC(CH,),  CeHftCH  —  CHCOC(CHi), 

\  /  -h  NaNO,  -  \  / 

CHNO,  CHOH  -h  NaNO, 

The  properties  of  the  substance,  however,  could  not  be  reconciled  with 
such  a  formula;  for  while  it  formed  a  phenylcarbamate  with  phenyliso- 
cyanate,  it  gave  a  color  reaction  with  ferric  chloride,  formed  a  sodium 
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derivative  with  soditim  ethylate  and  a  copper  derivative  with  copper 
acetate,  and  was  converted  into  an  isoxazole  by  hydroxylamine.  These 
are  characteristic  reactions  of  j8-diketones. 

The  two  /3-diketones  that  might  be  formed  from  the  cyclopropane 
derivative  are  represented  by  the  formulas:  C6H6CHiCOCH2COC(CH,)s, 
C6H6COCH2COCHiC(CH8)8.  Inasmuch  as  the  substance  gives  phenyl- 
acetic  add  and  pinacoline  when  boiled  with  alcoholic  potassium  hydroxide 
it  can  not  have  a  benzoyl  group.  This  excludes  the  second  formula. 
We  therefore  undertook  the  synthesis  of  phenylacetyl-trimethylacetyl- 
methane.  For  this  piupose  2.3  g.  of  sodiimi  was  added  to  a  well  cooled 
solution  of  32  g.  of  ethyl  phenyl  acetate  and  15  g.  pinacoline  in  150  cc. 
of  dry  ether.  The  solution  was  kept  in  ice  water  for  several  hours,  then 
at  the  ordinary  temperature  until  all  of  the  sodium  had  disappeared. 
It  was  then  acidified,  extracted  with  sodiiun  hydrogen  carbonate  imtil 
free  from  phenylacetic  add,  and  finally  shaken, with  a  cold  saturated 
solution  of  copper  acetate.  This  predpitate4  a  pale  green  copper  de- 
rivative which  when  shaken  with  hydrochloric  add  and  a  little  ether 
gave  the  same  substance  that  had  been  obtained  from  the  cydopropane 
derivative: 

CeHsCHiCO.OCaHfi  +  CH,COC(CHs),  = 

C6H5CH2COCH,COC(CH,),  +  COIfiOH 
Phenacetyi-trimethyl  acetyl-methane  is  readily  soluble  in  etl^er,  mod- 
erately in  alcohol,  very  sparingly  in  ligroin.  It  aystallizes  in  needles  and 
mdts  at  44°.  In  alcoholic  solution  it  gives  a  deep  red  color  with  ferric 
chloride.  When  it  is  oxidized  with  permanganate  in  acetone  it  gives 
almost  exdusivdy  benzoic  and  trimethyl  acetic  adds  while  when  oxi- 
dized in  alkaline  solution  with  aqueous  permanganate  the  sole  organic 
products  are  phenylacetic  and  trimethylacetic  adds.  It  is,  therefore,  evi- 
dently capable  of  enolizing  in  two  different  ways: 

CHftCHiC  —  CH,COC(CH,),  "^^  C«HjCH,COCH2COC(CH,),  "^^ 

I  C.HsCH2C:CHCOC(CH,), 

OH  I 

OH 

The  phenylcarbamate  of  the  diketone: 

CeH»CH  =  C  —  CH,COC(CH,),         CeH^CHjC  =  CHCOC(CH,), 
I  or  I 

O  —  CONHC.H*  O  —  CONHCfH* 

To  prepare  the  carbamate,  a  mixture  of  5  g.  of  the  diketone  and  5  g.  of 
phenyUsocyanate  was  heated  to  100°  for  15  minutes  and  then  to  140- 
150°  for  10  minutes  more.  The  resulting  pasty  solid  was  washed  with 
benzene  and  ether,  and  recrystallized  from  methyl  alcohol.  It  is  readily 
soluble  in  chloroform  and  acetone,  moderatdy  in  boiling  methyl  alcohol, 
very  sparingly  in  ether.    Its  mdting  point  is  130-132®. 


Digitized  by 


GooQle 


NITROCYCLOPROPANE  DERIVATIVES.  ^  1703 

Calc.  for  CjiHjsOsN:  C,  74.8;  H,  6.8.     Found:  C,  /4.9;  H,  6.8. 

S-Benz^-3-tertiarybutyl  Isozazole,  CeHsCHa— C— CH  =  CC(CH8)8.— 

II  I 

N O 

A  solution  of  3  g.  of  the  diketone,  3  g.  of  hydroxylamine  hydrochloride 

and  5  g.  of  potassium  hydroxide  in  100  cc.  of  methyl  alcohol  was  refluxed 

for  half  an  hour  and  then  poured  into  ice  water.    This  precipitated  a 

granular,  white  soUd  which  after  recrystallization  from  dilute  methyl 

alcohol  mdted  as  51  ^ 

Calc.  for  CuHitON:  C,  7S.1;  H,  7.9;  N.  6.5.    Found:  C,  78.1;  H,  7.8;  N,  6.9.  ' 

3-Benzyl-5-tertiarybutyl  Isoxazole,  C6H6CH2— C  =  CH  — CC(CH3)8. 

I  II 

O N 

— ^The  alkaline  filtrate  from  the  isoxazole,  on  acidification  gave  another 

product  which  after  recrystallization  from  dilute  methyl  alcohol  melted 

at  63  ®.    The  analyses  show  that  this  is  an  isomeric  isoxazole. 

Calc.  for  C14H17OH:  C,  78.1;  H.  7.9.     Found:  C,  78.1;  H,  8.0. 

i3-Nitro-7-bromo-7-phenyl-propyl  tertiarybutyl  Eetotie,  CeHsCHBr- 
CHNOjCH2NOiCOC(CH«)8.— The  nitro  cyclopropane  combines  very 
readily  with  hydrobromic  add  both  when  dissolved  in  alcohol  and  in 
gladal  acetic  add.  A  solution  in  gladal  acetic  add  cooled  in  ice  water 
was  saturated  with  hydrogen  bromide,  allowed  to  stand  for  a  few  min- 
utes, and  poured  into  ice  water.  This  predpitated  a  colorless  oil  which 
solidified  when  rubbed  with  a  glass  rod.  The  product  after  washing 
with  ice  water  imtil  free  from  add,  and  drying  in  vacuo  mdted  at  66-67  ° 
and  the  mdting  point  remained  the  same  after  recrystallization  from 
methyl  alcohol  or  from  ether  and  ligroin.    The  3ddd  was  quantitative. 

Calc.  for  CuHisOjNBr:  C,  51.4;  H,  5.5.     Found:  C,  517;  H,  55. 

The  bromo  compotmd  is  exceedingly  tmstable.  It  loses  both  nitrous 
and  hydrobromic  adds  and  passes  into  oily  products  when  boiled  with 
methyl  alcohol,  and  ^ven  cold  soluticms  rapidly  become  add.  When 
the  pure,  dry  substance  is  kept  in  a  stoppered  bottle  it  loses  nitrous  add, 
and  gradually  turns  into  a  brown  oil.  Potassitun  acetate,  in  the  cold, 
eliminates  prindpally  hydrobromic  add  and  forms  an  unstable  nitro 
compound. 

i9-Benzal-i9-nitro-eth7l  tertiarybutj^  Ketone,  C6H5CH:C(N02)CH2- 
COC(CH«)a. — ^To  an  ice  cold  solution  of  9  g.  of  the  hydrobromic  add  ad- 
dition product  in  30  cc.  of  methyl  alcohol,  4  g.  of  powdered  potassitun 
acetate  was  added  in  small  portions  and  with  constant  shaking.  The 
solution  first  turned  yellow,  then  brown,  while  potassium  bromide  and  a 
little  potassium  nitrate  was  deposited.  After  standing  for  12  hoiurs  in 
an  ice  chest,  most  of  the  organic  product  had  separated  as  a  yellow  solid. 
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This  was  thoroughly  Vashed  with  water  and  reaystallized  from  methyl 
alcohol. 

Calc.  for  CmHuOjN:  C,  67.9;  H,  6.6.     Found:  C,  67.9;  H,  6.9. 

The  unsaturated  nitro  compound  crystalizes  in  long,  yellow  needles 
and  melts  at  53-54**.  It  is  readily  soluble  in  the  conmion  organic  sol- 
vents. Its  solution  in  acetone  instantly  reduces  permanganate,  and 
benzaldehyde  is  a  primary  oxidation  product,  showing  that  the  double 
linkage  is  next  to  the  phenyl  group. 

S-Bromobenzyl-s-tertiarybutyl   Isozazole,  CaHjCHBrC — CH  =  CC- 

li  I 

N 0 

(CHj)!. — ^When  hydrogen  bromide  was  passed  into  a  solution  of  the  un- 
sattu-ated  nitro  compotmd,  the  color  of  the  solution  rapidly  changed  from 
yellow  to  red  owing  to  separation  of  free  bromine.  The  solution  was 
sattu'ated  at  o^,  allowed  to  stand  for  several  hotu^  in  an  ice  chest  and 
then  poured  into  ice  water.  This  precipitated  an  oil  which  solidified 
when  rubbed.  The  solid  was  washed  with  sodium  hydrogen  sulfite  until 
colorless,  and  purified  by  recrystallization  from  methyl  alcohol. 
Calc.  for  C\4Hi60NBr;  C,  57.1;  H.  5.4.  Found:  C,  56.8;  H,  5.6. 
The  isoxazole  derivative  crystallizes  in  needles  and  melts  at  77-78**' 
It  is  quite  stable,  being  recovered  unchanged  after  having  been  heated 
to  150**  for  8  hours.  The  bromine  is  readily  replaced  with  hydrogen. 
Thus  0.5  g.  of  the  substance  and  one  g.  of  zinc  dust  were  heated  in  acetic 
add  on  a  steam  bath  for  half  an  hour.  The  solution  was  filtered  into 
ice  water,  and  the  precipitated  solid  recrystallized  from  methyl  alcohol. 
It  was  bromine  free,  melted  at  50^,  and  the  melting  point  remained  the 
same  when  it  was  mixed  with  a  specimen  of  the  lower  melting  isoxazde 
which  had  been  obtained  by  the  action  of  hydroxylamine  upon  the  di- 
ketone. 

CambrxdoS.  Mass. 


NOTE. 
Correcti<ni. — In  the  review  of  "Chemistry  in  Old  Philadelphia,"^  line  20, 
read :  Hare's  oxy-hydrogen  blow  pipe  and  some  of  Woodhouse's  and  some 
of  Hare's  other  contributions.  F.  B.  Dains. 


NEW  BOOKS. 

Intennediate  Text-Book  of  Chemistry,  ist  edition.  By  Alexander  Sioth,  Head 
of  Department  of  Chemistry,  Columbia  University.  The  Century  Co.,  New  York, 
1919.    vi  +  520  pp.     1x5  figs.     14  X  21  cm.    $2.35. 

This  is  a  new  member  of  the  successful  series  of  Smith  texts,  now  four 
in  number.    Together  they  carry  out  the  best  traditions  of  chemical  in- 
*  This  Journai,,  41,  1315  (1919). 
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struction  in  this  country,  as  did  the  Remsen  series  of  the  preceding  genera- 
tion, and  are  as  nearly  standard  as  any  author  may  expect  to  reach.  The 
"Intermediate  Text-Book"  seems  adapted  to  the  diversified  students 
in  colleges  and  in  technical  and  normal  schools  who  do  not  require  an 
elaborate  chemical  training.  After  an  inviting  and  masterly  introduc- 
tion dealing  with  chemical  processes  in  every-day  life  the  author  takes 
up  the  subject  matter  in  the  usually  accepted  order,  enriching  the  treat- 
ment with  the  essentials  of  physical  chemistry,  clearly  presented  and  prop- 
erly emphasized.  Chemical  arithmetic  cotdd  harcUy  be  better  handled 
than  here.    Review  questions  follow  each  chapter. 

There  are  sUght  departtures  from  judicious  text-book  writing  in  the  con- 
troversial paragraph  on  the  history  of  oxygen  (p.  28)  and  in  selecting  Lom- 
onossov  and  Mayow  for  two  of  the  three  full-page  portraits.  The  author 
is  inclined  to  ampUfy  the  list  of  definitions  (e.  g.,  constituent,  dilute  solu- 
tion, concentrated  solution).  His  statement  that  "There  are  no  laws  in 
nature"  (p.  23)  will  meet  with  wide  disapproval,  for  there  are  several 
rules  of  behavior  in  natiu-e  which  to  all  but  skeptical  philosophers  are 
so  certain  and  constant  as  to  be  equivalent  to  decrees  imposed  by  a  con- 
trolling authority.  Something  seems  to  be  omitted  in  approaching  the 
concept  of  ions  (p.  168) ;  the  introduction  of  the  term  is  abrupt.  The  elec- 
tron theory  is  handled  very  conservatively  and  the  recent  general  acknowl- 
edgment of  the  reality  of  molecules  has  not  led  the  author  to  modify  his 
treatment  of  the  atomic  and  molecular  theories.  The  descriptive  chem- 
istry is  brought  up  to  the  end  of  1918;  we  read  that  "heliiun  is  now  being 
used  to  fill  balloons."  The  type  is  dear;  textual  errors  are  few;  the  in- 
dex is  a  compromise  in  length  between  English  and  American  customs. 

Hermon  C.  Cooper. 

Introduction  to  Organic  Chemistry,  and  edition.  By  John  Tappan  Stoddard* 
Professor  of  Chemistry  in  Smith  College.  P.  Blakiston's  Son  and  Co.,  Phila- 
delphia, 1918.    xi  -{-  433  pp.     13  X  18  cm.    $1.50  net. 

The  preface  to  the  second  edition  of  the  text  states  that  "The  favor- 
able reception  accorded  the  text  has  encouraged  me  to  take  advantage 
of  this  year's  reprinting  to  make  a  number  of  corrections  and  changes 
that  have  been  suggested  diuing  the  foiu*  years  since  it  appeared." 

The  changes  made  are  not  extensive  but  add  to  the  value  of  the  text. 
They  consist  in  minor  additions  to  such  subjects  as  "General  Methods 
for  the  Formation  of  ParaflSns,"  "Grignard's  Sjmthesis"  and  "Artificial 
Rubber."  Some  new  compounds  are  introduced  such  as  antip)rrene 
and  salvarsan.  Additions  of  from  one  to  two  pages  have  been  made  in 
the  discussion  of  each  of  the  following  subjects:  Natiu^  Fats  and  Oils, 
Uric  Add  and  the  Piuine  Bases,  and  Proteins.  There  is  also  added  a  two- 
page  table  on  "Ionization  Constants  of  Some  Organic  Adds  and  Bases." 

It  is  unforttmate  that  the  publisher  did  not  rentunber  the  pages.    Such 
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do  not  leave  a  good  impression  on  the  mind,  suggest- 
)atch  work  variety  which  is  not  warranted  in  the  case 

icceeded  in  bringing  into  relatively  small  compass  as 
1  of  the  subject  of  organic  chemistry  as  can  be  thor- 
itudents  in  the  time  ordinarily  allotted  to  the  intro- 
is  subject.  Of  course,  there  is  always  a  danger  that 
mcentrate  one  may  overdo  the  thing  and  devitalize 
ver  fair,  however,  to  expect  too  much  of  a  text-book; 
taken  into  account. 

much  to  be  said  in  favor  of  limiting  the  ground 
uctory  course  as  Professor  Stoddard  has^done.  Pope 
iting  of  the  domain  of  organic  chemistry  when  he 

ut  not  without  a  plan." 

)ur  guard  our  students  will  comprehend  that  it  is  a 

id,  but  fail  to  get  "the  plan."     Wm.  McPhbrson. 
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[Contribution  from  the  I^aboratory  op  Physical  Chemistry  op  the  University 
OP  Illinois.    Publication  No.  35.] 

SOME   PHYSICAL   PROPERTIES    OF   MANNTTE   AND   ITS 
AQUEOUS  SOLUTIONS.! 

By  Joseph  M.  Braham. 

Received  June  21.  1919. 

This  study  was  made  in  connection  with  an  investigation  on  the  laws  of 
aqueous  solutions.  The  compound,  which  is  also  termed  mannitol  and 
hexanhexol,  is  of  interest  in  the  latter  connection  since  it  contains  a  com- 
paratively large  number  of  hydroxyl  groups.  The  literature  on  the  sub- 
ject is  not  very  complete  and  very  little  recent  work  has  been  done  on 
it.  This  paper  presents  the  results  of  the  study  and  includes  a  brief 
statement  of  earlier  work  on  the  subject. 

I.    Purification  of  Mannite. 

An  investigation  was  first  made  to  ascertain  the  number  of  recrystalliza- 
tions  of  commercial  mannite  that  are  required  to  3deld  a  pure  product, 
the  melting  point  being  the  criterion  of  purity.  The  material  was  dis- 
solved in  distilled  water  at  a  temperature  near  80^,  forming  an  almost 
saturated  solution.  This  solution  was  filtered  to  remove  the  suspended 
impurities  which  were  present  in  considerable  quantity,  then  cooled  to 
^  This  article  is  based  on  a  thesis  submitted  by  the  writer  in  191 5  to  the  Graduate 
School  of  the  University  of  Illinois  in  partial  fulfillment  of  the  requirements  for  the 
degree  of  Master  of  Science. 
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about  40**  and  alcohol  added  to  reduce  the  solubility.  The  aystals  wett 
freed  from  the  liquid  as  completely  as  possible  and  then  dried  in  an  dec- 
trie  oven  at  120-130°  for  several  hours.  The  second  crystallization  was 
made  by  dissolving  the  crystals,  from  which  the  mother  liquor  had  been 
removed,  in  ptu^,  hot  water,  allowing  the  solution  to  cool  and  then  add- 
ing alcohol;  a  similar  procedtu^  was  followed  in  the  third  and  fourth 
crystallizations.  Another  lot  was  ptuified  in  precisely  the  same  manner 
except  that  no  alcohol  was  used  and  contact  of  the  crystals  with  the  fitter 
paper  was  avoided,  but  no  difference  in  the  ptuity  of  the  two  lots  could 
be  distinguished. 

n.    Melting  Point  of  Pure  Mannite. 

The  most  extensive  set  of  determinations  described  in  the  literature 
was  made  by  Landolt.^  He  foimd  the  freezing  point  of  a  mass  consisting 
of  620  g.  of  mannite  to  be  165 .69°;  with  a  much  smaller  quantity  of  ma- 
terial the  melting  point  was  165.73°  ^^d  the  freezing  point  165.64°. 
Using  an  apparatus  designed  to  avoid  stem  correction,  the  values  166.97° 
and  167.04°  were  obtained;  the  latter  values  are  undoubtedly  too  high. 
The  results  obtained  by  other  investigators  are:  Favre,*  166°  (freezing 
point  162°);  Stohmann  and  Langhein,'  166°;  and  Kroft  and  'Dyes,*  166°. 
Since  the  true  value  is  thus  uncertain,  this  property  was  investigated. 

A  nitrogen  filled  mercury  thermometer  which  had  been  checked  by 
the  Biureau  of  Standards  was  employed.  It  was  graduated  in  0.1°, 
ruled  directly  on  the  stem;  readings  to  0.01°  were  made  with  the  aid  of 
a  reading  glass.  Three  auxiliary  thermometers  were  employed  to  deter- 
mine the  temperature  of  the  emergent  stem  at  various  heights.  The 
equilibritun  mixture  of  mannite  crystals  and  liquid  was  contained  in  a 
small  Dewar  tube  closed  by  a  tin  foiled  cork  and  stirred  with  a  small 
glass  rod  with  a  loop  at  one  end.  The  mannite  was  heated  to  about 
175°  in  an  electric  oven  or  very  carefully  over  a  gas  flame  and  the  liquid 
poiured  into  the  previously  heated  Dewar  tube.  It  was  foimd  impossi- 
ble to  obtain  a  perfectly  dear  liquid  by  either  method  of  heating,  the 
slight  brown  color  seeming  to  indicate  that  carbonization  occurs  to  a  very 
limited  extent;  the  color  was  first  ascribed  to  the  presence  of  fine  filter 
paper  shreds,  but  it  was  later  observed  in  fused  material  with  which  special 
precautions  had  been  taken  to  avoid  contamination  from  that  source. 
When  the  temperatiure  of  the  liquid  in  the  Dewar  had  dropped  to  about 
170°,  pure  crystals  were  added.  A  temperature  which  remained  con- 
stant for  several  minutes  was  soon  reached.  The  following  results  were 
obtained: 

1  Z.  physik.  Chem.,  4,  366  (1889). 

*  Ann.  chitn.  phys.,  [3]  11,  71  (1844). 
»  /.  prakt.  Chem.,  [2]  45,  305  (1892). 

*  Ber.,  28,  2583  (1895). 
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Msimite.  Melting  point. 

Original  material 165 .  10® 

First  crystallization 165 .84 

Second  crystallization 166 .05 

Third  oystallization 166 .05 

Fourth  oystallization 166 .05 

It  is  evident  from  these  data  that  two  aystalUzations  of  commercial 
mannite  are  necessary  as  well  as  suflBident  for  the  production  of  pure 
mannite. 

m.    Specific  Rotation. 

Of  the  3  optical  forms  of  mannite,  the  so-called  dextro  form,  which  is 
actually  levorotatory,  is  the  most  common.  Very  few  determinations 
of  the  specific  rotation  of  ptire  mannite  in  aqueous  solutions  have  been 
made,  although  the  literature  contains  ntunerous  references  to  meastue- 
ments  on  solutions  of  mannite  with  some  other  constituent  such  as  borax, 
boric  add  or  sodium  hydroxide.  In  1873,  G.  Bouchardat^  fotmd  that 
the  rotation  was  less  than  0.2^  which  was  the  smallest  value  then  mea- 
surable, but  the  fact  that  it  really  was  optically  active  was  shown  the 
f(^owing  year  by  L.  Vignon*  in  his  researches  on  mannite  solutions  con- 
taining borax  or  boric  add.  Using  a  greatly  improved  apparatus,  G. 
Bouchardat^  later  found  the  specific  rotation  to  be  [a]j  =  — 0.25**  (esti- 
mated to  be  — 0.23**  referred  to  the  sodium  D  line),  the  temperatiu^  of 
the  solution  not  being  given.  In  1875,  L.  Vignon^  again  studied  this 
property  of  mannite  in  pure  aqueous  solutions  and  found  the  following 
values,  eachof  which  is  the  average  of  ID  readings:  [a]D  =  0.204^  0.260^ 
and  0.232^.    The  temperattue  of  the  solution  was  not  stated. 

Since  no  more  recent  determinations  had  been  made,  it  seemed  de- 
sh^ble  to  determine  this  constant  with  greater  acctu'acy.  A  sample  of 
purified  mannite  was  fused  to  eliminate  completdy  all  traces  of  mois- 
ture and  then  findy  powdered;  but  solutions  from  this  material  possessed 
a  slight  brown  color  which  made  satisfactory  illumination  of  the  solution 
impossible.  Samples  which  had  been  thoroughly  dried  but  not  fused 
were  therefore  used.  The  solutions  were  prepared  by  dissolving  17.6067  g. 
of  mannite  in  distilled  water  and  making  up  to  100  cc.  at  25°. 

A  triple  fidd  Schmidt  and  Haensch  polarimeter  fitted  with  a  100  cm. 
jacketed  tube  was  used,  and  the  solution  tmder  examination  kept  at  25^. 
A  quartz  mercury  vapor  lamp  ftunished  the  Ught,  which  was  fiulher 
purified  by  passing  it  through  a  spectroscope,  the  green  E-line  of  mer- 
cury being  employed.  The  specific  rotation  was  found  to  be  (a]^B*= 
— 0.244^  s*=  0.002.    The  values  of  — 0.244®  and  — 0.245  ^  0.002  were 

*  Compt.  rend.,  76,  1550  (1873). 

«iWa.,77i"9i  (1874). 

*  Ibid,,  So,  122  (1875). 

*  Ann.  chkn.  phys.,  [5]  2,  440  (1875). 
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obtained  at  the  same  time  by  Mr.  C.  Scholl  in  this  laboratory.  Assuming 
that  the  same  factor  (0.8509)^  may  be  used  in  converting  the  value  re- 
ferred to  the  mercury  E  line  to  the  sodiiun  D  line  as  found  for  quartz, 
the  rotation  becomes  [aJo  =  — 0.208  =*=  0.002. 

IV.    Solubility— Freezing-Point  Measurements. 
At  the  time  this  investigation  was  begun,  the  data  on  the  solubility 
of  mannite  in  water  and  on  the  freezing  points  of  relatively  concentrated 
solutions  were  very  meager.    The  solubility  data  contained  in  the  litera- 
ture are  summarized  in  the  following  table: 

Temp.       O.  mannite  per 
Solrent.  Degrees.    100  g.  of  solvent.  Investigator. 

Water 14  12.8  H.  D.  Kniaetiumn* 

Water. 16  16.0  Wankijrn-Erlenmeyer* 

Water 18  15.6  M.  Berthelot* 

Water 23  18.5  M.  Berthelot 

Water 24 .5  20 .96  A.  Findlay* 

Water 35-8  29 .93  A.  Findlay 

Water 50 .8  46 .69  A.  Fmdlay 

Ethyl  alcohol  (d.  »  0.8985) .  15  o  »  2  M.  Berthelot* 

Ethyl  alcohol  (absolute) 14  0.07  M.  Berthelot 

It  was  planned  to  obtain  the  complete  freezing-point  solubility  dia- 
gram for  the  system  mannite-water  but  difficulties,  later  referred  to, 
limited  the  study  to  the  temperature  range  between  the  eutectic  point 
and  103**. 

1.  Apparatus. — ^The  freezing  point-solubility  apparatus  employed 
for  meastirements  near  and  below  zero  is  shown  in  Fig.  i.  The  metal 
container  was  completely  surrounded  by  a  mixture  of  water  and  cracked 
ice.  For  solubility  determinations  at  higher  temperatures,  the  Dewar 
vessel  was  surrounded  by  an  electrically  heated  oil  bath  maintained  at 
the  proper  temperature.  A  mechanical  stirrer  was  used  in  the  solu- 
tions. A  standardized  Betkmann  thermometer  was  used  near  and  be- 
low zero,  a  standard  Baudin  thermometer  for  temperattu-es  near  25**, 
and  a  standardized  thermometer  graduated  between  50®  and  iio^  in 
0.05**  division  for  temperatures  of  50°  and  higher.  The  Beckmann 
was  checked  against  a  standard  Baudin  thermometer  over  the  range 
employed,  readings  being  made  to  o.ooi®  with  the  aid  of  a  telescope 
equipped  with  a  vernier. 

2.  Method  of  Sampling. — The  method  of  removing  samples  from 
the  system  for  analysis  and  the  types  of  filter  are  shown  in  Fig.  i.  A 
filter  consisting  of  a  short  altmdum  tip  sealed  into  a  hard  glass  tube  proved 

^  Bur.  Standards,  Bidl.  2,  No.  2. 

*  Ber,,  9,  1467  (1876). 

»  J.  prakt.  Chem.,  88,  297  (1863). 

*  Ann.  chim.  phys.,  [3]  47,  301  (1856). 
»  /.  Chem.  Soc,  81,  12 19  (1902). 
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to  be  very  satisfactory  for  solutions  up  to  50°.  With  solutions  of  greater 
viscosity,  however,  it  was  necessary  to  use  a  filter  of  less  resistance  since 
the  suction  necessary  to  draw  the  solution  through  the  alundum  tip 
caused  vaporization  to  occur  within  the  sampling  tube,  and  a  cotton 
plug  placed  in  the  constricted  end  of  a  glass  tube  was  therefore  used  to 
filter  these  solutions.     It  was  evident  that  oystals  did  not  pass  through 
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the  cotton  since  the  solution  rising  in  the  withdrawal  tube  did  not  quickly 
crystallize  when  exposed  to  the  lower  temperature  in  the  upper  part  of 
the  tube,  as  would  have  been  the  case  if  crystals  had  been  present.  At 
the  higher  temperatures  the  solution  became  so  viscous  that  its  passage 
even  through  the  cotton  was  extremely  slow,  requiring  a  careful  adjust- 
ment of  the  suction  to  avoid  evaporation  as  the  liquid  emerged  from  the 
cotton.    To  prevent  aystalUzation  in  the  tube  dming  this  rather  slow 
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process  the  upper  part  of  the  withdrawal  tube  was  therefore  heated  elec- 
trically, but  even  with  this  precaution,  solidification  occurred  in  several 
instances.  The  first  portion  of  the  solution  withdrawn  was  discarded, 
the  sample  taken  for  analyses  being  collected  in  a  weighed  flask. 

3.  Analysis  of  Solutions. — The  quantity  of  mannite  in  a  given  sample 
was  determined  by  an  interferometer,  the  use  of  which  has  been  described 
in  detail  by  L.  H.  Adams.*  The  instrument  was  calibrated  by  deter- 
mining the  readings  at  25  **  on  mannite  solutions  of  known  composition 


as  foll9ws: 

G.  mannite  (weights  in 

wacuo)  per  1000  g.  of  water. 

C. 

Reading  of  inter- 
ferometer at  25  ^ 
r. 

C/r. 

II. 806 

7.77 

1.51^ 

15.881 

10.46 

I .5183 

23.336 

15.48 

1.5075 

26.090 

17.37 

1.5020 

26.594 

17.72 

1.5008 

31.001 

20.84 

1.4876 

37.808 

25.79 

1.4660 

A  curve  was  constructed  from  these  data  in  which  the  ratio  C/r  was 
plotted  against  r.  It  was  necessary  to  use  the  shortest  solution  chamber 
(5  mm.)  to  bring  the  solutions  within  the  concentration  range  of  the  in- 
strument; even  with  this  chamber  it  was  necessary  to  dilt^te  greatly  the 
samples  taken  at  the  higher  temperattu'es,  since  the  maximum  concen- 
tration directly  measurable  was  0.25  molal.  In  general,  the  samples 
were  diluted  to  approximately  the  same  concentration  and  calibration 
values  were  redetermined  from  time  to  time  for  this  region  to  insure  as 
accurate  results  as  possible  with  the  method  employed. 

4.  Freezing-Point  Lowering  and  Eutectic  Temperature. — Exceed- 
ingly accurate  determinations  of  the  freezing-point  lowering  of  aqueous 
solutions  of  mannite  have  been  made  by  L.  H.  Adams'  and  also  by  R.  E. 
Hall  and  W.  D.  Harkins.^  The  former  found  that  the  difference  between 
the  observed  and  calculated  freezing-point  depressicm  is  not  greater  than 
o.oooi**  for  concentrations  of  4.02  to  62.59  millimols  per  1000  g.  of 
water.  E.  H.  Loomis*  made  freezing-point  measurements  over  a  wider 
range  of  concentrations,  using  the  Beckmann  method;  the  difference  be- 
tween the  observed  and  calculated^  depression  for  a  solution  containing 
206.1  millimols  per  1000  g.  of  water  is  — 0.0013**,  the  observed  value 
being  less  than  that  calculated,  contrary  to  the  usual  experience. 

»  This  JotJRNAL,  37,  1181  (1915). 

« Ibid.,  37,  481  (1915). 

» Ibid.,  38,  2668  (1916). 

*  Z.  physik,  Chem.,  32,  599  (1900). 

»  Calculated  from  the  equation  A/f  =  103.20  (xi  -f  0.428  xl),  Washburn's  "Princi- 
ples of  Physical  Chemistry/'  1915,  p.  173,  McGraw-Hill  Co.,  New  York. 
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In  the  present  investigation  the  determination  of  the  eutectic  tempera- 
ture and  a  freezing  point  between  the  eutectic  and  o°  was  made.  To 
determine  the  latter,  the  zero  reading  of  the  Beckmann  thermometer  was 
first  determined  by  placing  it  in  a  mush  of  pure  water  and  ice  contained 
in  a  Dewar  tube  in  the  apparatus  already  described.  A  portion  of  the 
water  was  replaced  by  a  solution  of  mannite  previously  cooled  to  o**, 
and  having  approximately  the  concentration  required  for  the  desired 
depression.  When  the  temperature  became  constant,  a  sample  was  with- 
drawn through  the  alundum  filter,  properly  diluted  and  then  analyzed. 
To  determine  the  eutectic  temperatiu'e  most  of  the  maimite  solution 
was  removed  from  the  Dewar  and  replaced  by  a  cooled  saturated  solution 
together  with  a  large  excess  of  mannite  crystals.  The  mixtiure  was  well 
stirred  but  did  not  attain  constant  temperature  for  several  hours,  when 
a  sample  of  the  equilibrium  mixture  was  withdrawn  and  its  composition 
determined.    The  data  are  given  in  the  following  table: 

Concentration  Freezing-point  Freezing-point  Difference 

mcrfes  per  1000  depre^ion  depre^on  obscarved- 

g.  of  water.  observed.  calculated.  ^  calculated. 

0.2709  0.505®  0.501®  0.004® 

0.5460  1 .019®  (eutectic)  1.009®  o.oio® 

The  figures  in  the  f oiuih  column  show  that  the  deviation  from  the  calcu- 
lated value  is  significant  with  solutions  of  high  concentration  and  that 
the  deviation  is  a  ftmction  of  the  concentration. 

5.  Solubility  Measurements. — In  determining  the  solubility  at 
and  near  25**,  4  different  procedures  were  tried:  (i)  water  contained  in 
a  Dewar  tube  was  satiu'ated  with  mannite  at  35-40®  and  cooled  with  stir- 
ring to  the  final  temperature;  (2)  water  at  25**  was  added  to  a  large  ex- 
cess of  aystals  and  frequently  stirred  for  several  hours;  (3)  water  was 
added  to  a  large  quantity  of  aystals  in  a  bottle  and  shaken  in  a  thermo- 
stat at  25®  for  24  hours;  (4)  same  conditions  as  in  (3)  except  that  the 
solution  was  initially  saturated  at  40®.  The  results  of  these  experiments 
are: 

Temperature  G.  solubility  of  mannite 

Procedure.  Degrees.  per  100  g.  of  water. 

(l) 24.9  21  .48 

25 .0  (interpolated)  21 .57 

(2). , 25 .2  18 .66 

(3) 25 .0  21 .54 

(4) 25 .0  21 .63 

It  is  quite  evident  that  procedtue  2  cannot  be  employed.  Methods 
3  and  4  are  known  to  give  the  best  results  but  require  a  long  time.  Pro- 
cedure I  may  be  employed  since  it  3delds  results  similar  to  those  of  the 
ataod^dl:  niethods  and,  moreover,  it  possesses  the  advantage  <d  requiring 
but  a  short  time .  . 

1  Washbtam/  A^f  =  103.20  (xi  -f  0.428  xf),  "Principles  of  Physical  Ch^nistry," 
»9?5t  P-  173?  McGrfiKW-Hill  Co,,  New  York. 
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The  procedure  in  all  solubility  determinations  between  50®  and  90** 
was  essentially  the  same.  The  solution  was  saturated  at  a  temperature 
about  10°  higher  than  that  at  which  the  determinations  were  to  be  made, 
cooled  to  approximately  3®  above  the  desired  temperature,  and  then 
potu'ed  into  a  Dewar  tube  which  was  sturounded  by  an  oil  bath  elec- 
trically heated  and  the  contents  mechanically  stirred.  In  the  determina- 
tions between  90  and  103®  it  was  usually  found  impossible  to  dramrthe 
samples  for  analysis  into  the  flask  in  spite  of  all  precautions,  since  the 
solutions  were  very  concentrated  and  consequently  highly  sensitive  to 
temperature  change.  A  column  of  liquid  about  14  cm.  in  length  was 
usually  obtained  in  the  withdrawal  tube  before  solidification  occurred; 
the  tube  was  then  removed  and  cooled  to  completdy  solidify  the  con- 
tents. The  middle  portion  of  the  tube  was  cut  oS,  the  contents  dis- 
solved in  warm  water,  and  the  final  solution  anal3rzed  in  the  usual  man- 
ner. The  weight  of  the  sample  was  determined  from  the  difference  in 
weight  of  the  glass  tubing  before  and  after  removing  the  contents. 

It  was  the  original  intention  to  determine  the  solubility  at  125  and  150^ 
but  it  was  f  oimd  impossible  to  obtain  a  mixture  at  those  temperatures 
which  could  be  sampled.  In  attempting  to  obtain  the  solubility  at  125^, 
mannite  was  added  to  a  boiling  solution  but  the  highest  temperature 


I    MMTftML9T 
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Fig.  2. 

reached  at  which  the  solution  possessed  even  amedium  d^;ree  of  fluidity 
was  about  iio^.  At  this  temperature  water  vapor  was  given  off  rapidly, 
resulting  in  the  solidification  of  the  solution.  In  an  endeavor  to  obtain 
a  solution  at  150^  mannite  crystals  were  melted  and  boiling  water  grad- 
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ually  added.  Most  of  the  water  immediately  vaporized.  The  addition 
of  water  caused  a  cooling  of  the  Uqnid  mannite  and  soUdification  of  the 
entire  mass  resulted.  To  investigate  the  composition  of  solutions  at 
these  temperatures,  therefore,  pressure  apparatus  would  be  necessary. 

The  results  of  the  solubility  determination  are  given  in  Table  I. 


Tablb  I. 


Temperature. 
Degrees. 


G.  of  mannite  in  100  g.  of 
water  (weights  in  vacuo). 


—1 .019                                9.942 

25.00                                      21.63 

25.00                                21.57 

50.70                               49.0 

51.50                             49.9 

67.4                               786 

70.5                                 83.9 

82.9                                      121.9 

88.1                                              145.5 

90.1                                              150.6 

98.0                                              189.0 

99.3                                              195.0 

100.8                                             200.0 

101.8                                             206.0 

103.6                                             216.0 

18 

■  ^             / 

"J/ 

y^     LoG^/fiTHM  Of  Mole  Fract/on 
^f                         Mannite 

Fig.  3. 


A  large  scale  graph  of  these  data  was  constructed  in  the  form  shown 
by  Fig-  3*  Tfa^  ^^  given  in  Table  II  were  derived  from  this  curve  and 
present  the  results  in  a  more  convenient  form. 
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Tcmpermtnre. 
Degrees. 

Tablb  II. 

SolnbUitT  g.  of  mannite 
in  100  g.  of  water. 

Mole  fractkn  of 
mannite  in  solution. 

— 1 .019  (eutectic) 

9.942 

0.0097 

0.00 

10.36 

O.OIOI 

5.00 

II. 9 

O.OII7 

10.00 
15.00 
20.00 

13.7 
16.0 
18.6 

0.0134 
0.0156 
O.OI81 

25.00 

21.6 

0.0209 

30.00 

25.2 

0.0243 

40.00 

34.6 

0.0331 

50.00 
60.00 
70.00 

47.6 

64.4 
86.2 

0.0450 
0.0598 
0.0785 

80.00 

115. 0 

O.IOI9 

90.00 
100.00 

150.0 
197  0 

0.1294 
0.1633 

Although  the  curve  in  Pig.  3  is  not  a  perfectly  straight  line,  the  devia- 
tion does  not  indicate  the  presence  of  hydrates.  Fig.  2  shows  the  freezing 
point-solubility  diagram  of  the  system  mannite-water.  The  experimental 
difficulties  in  obtaining  accurate  measurements  of  the  solubility  near 
100**  were  quite  great  and,  consequently,  the  results  in  this  region  are 
somewhat  uncertain.  To  complete  the  solubility  curve  for  normal  pres- 
sure a  determination  of  the  composition  of  the  boiling  sattu^ted  solution 
would  be  necessary. 

V.    Other  Physical  Properties. 

In  connection  with  this  investigation  the  Uterature  was  caref tilly  searched 
for  data  on  physical  properties  other  than  those  already  mentioned. 
These  data  have  been  briefly  summarized  in  the  following  sections: 

I.  Density. — All  of  the  references  to  the  density  of  mannite  are  old 
and  do  not  contain  sufficient  information  as  to  the  omditions  under 
which  the  measurements  were  made.  Kruseman^  obtained  the  values 
1.4589  and  1.3938  at  o**  and  50°,  respectively,  for  purified  crystalline 
mannite.  Pnmier*  found  the  density  to  be  1.51  at  13**.  He  used  a 
specific  gravity  flask  with  ether  as  the  contact  liquid  but  did  not  state 
what  form  the  mannite  was  in.  Several  determinations  were  made  by 
Schroder*  on  mannite  in  the  form  of  coarse  crystals  and  also  of  finely 
powdered  material,  using  the  displacement  method  with  benzene  as  the 
contact  Uquid.  His  results  are:  i  .489  on  a  powdered  sample  of  piuified 
mannite,  ''Karlsruher  Sammltmg;*'  and  1.486  on  Kahlbaum*s  crystals. 
The  density  is  referred  to  water  at  4°  but  the  temperature  was  not  stated. 
His  values  are  undoubtedly  the  most  dependable  of  the  three. 

»  Ber„  9,  1468  (1876). 

«  BuU.  soc.  chim.,  Paris,  28,  556  (1877). 

»  Ber.,  12,  562  (1879). 
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'  2.  Specific  Heat. — ^Three  investigators  have  determined  the  specific 
heat  of  mannite,  using  two  somewhat  different  methods.  Hermann 
Kopp^  employed  the  method  of  observing  the  heat  effect  produced  when 
a  known  quantity  of  mannite,  covered  by  a  liquid  in  which  it  was  not  solu- 
ble, was  heated  to  a  definite  temperature  and  then  immersed  in  a  calorim- 
eter. He  obtained  the  value  of  0.324  calorie  per  degree  for  a  tempera- 
ture range  of  o-ioo**.  Using  essentially  the  same  procedure,  M.  W. 
Longuinine'  obtained  as  the  average  of  5  determinations  the  value  0.3277 
calorie  per  d^;ree  for  the  tempierature  range  28-100**.  W.  F.  Magie* 
determined  the  specific  heat  over  a  relatively  short  temperature  range, 
using  an  apparatus  primarily  designed  for  very  accurate  measurements 
of  the  specific  heats  of  solutions.  He  obtained  the  value  0.315  calorie 
per  d^ree  over  the  range  14-26 ^  with  a  possible  error  of  2  or  3%. 

3.  Heat  of  Combustion. — ^The  heat  of  combustion  of  mannite  was 
determined  by  Berthelot  and  VieiUe,*  using  an  oxygen  bomb  calorimeter. 
It  was  also  determined  by  Stohmann  and  Langbein^  who  made  two 
series  of  measurements,  the  last  being  on  mannite  recrystallized  from 
alcohol  several  times,  using  a  bomb  calorimeter  designed  for  very  acctuate 
work.    The  several  results  fdlow: 

Stohmann  and  Langbein. 


Berthelot  and  Vieille. 
(18«7). 

(1885). 

(1892). 

3.9997  Cal./gram 

3.949  Cal./gram 

3.9959 

3  922 

4.0046 

3.9928 

3.946 

3.9944 

3.947 

3.9982 

4. 01 10 

3.940 

3.9961 

Av.,  4.0012  3.941  3.9978 

4«  Heat  of  Dilotion. — ^Measurements  of  the  heat  of  dilution*  of 
aqueous  mannite  soluticms  have  shown,  as  would  be  expected,  that  only 
a  slight  evolution  of  heat  occurs  on  dilution  and  that  it  is  practically  in- 
dependent of  the  temperature. 

VI.    Summary. 

The  following  physical  properties  of  mannite  and  its  aqueous  solutions 

have  been  studied:    The  melting  point  of  ptu-e  mannite,  the  specific 

rotation  in  aqueous  solution,  the  freezing  point-solubility  diagram  up  to 

103**.    A  brief  summary  of  previous  work  on  the  subject  has  been  given. 

Since  certain  ph3rsical  constants  of  mannite  given  in  handbooks  are 

»  Trans.  Roy.  Soc.  London,  155, 1,  71  (1865). 

*  Ann.  chim.  phys.,  27,  144  (1892). 
*Phys.  Rev.,  I4t  i93  (1902);  17,  105  (1903). 

*  Ann.  chim.  phys.,  (6]  10, 456  (1887). 

»  /.  prakt.  Chem.,  [2]  31,  291  (1885);  45>  305  (1892). 

*  F.  R.  Pratt,  /.  Prank.  Inst.,  185,  663  (19 18). 


Digitized  by 


GooQle 


171^  ^.   H.   BlACDOUOAlX. 

not  in  accord  with  the  best  data,  the  following  values  based  on  results 
of  the  present  investigation  and  on  the  most  dep^idable  results  given  in 
the  literature  are  suggested  for  adoption:  melting  point,  166^5^;  specific 
rotation  [aJe  *  =  — 0.244°  =*=  0.002  and  (aJo*  =  — 0.208  *  Q.002  (cal- 
culated); density  1.487  (room  temperatiu-e),  specific  heat  C(28-ioo»)  = 
0.3277  cal./deg.  and  C(i4_26«>)  =  0.3 is  cal./deg.;  heat  of  combustion, 
4.00°  cal./gram. 

The  writer  wishes  to  acknowledge  his  indebtedness  to  Dr.  E.  W.  Wash- 
bum  under  whose  direction  this  investigaticm  was  made. 

Urban  A.  Ilunois. 


(Contribution  from  thb  School  op  Chemistry,  Univbrsity  of  Minnssota.] 

THE   CALCULATION    OF   THE   TEMPERATURE   COEFFICIENT 
OF  THE  DISTRIBUTION  RATIO. 

By  p.  H.  MacDouoau.. 

R«oeiv«d  July  10.  1919. 

The  present  communication  owes  its  origin  to  a  recent  paper^  by  Forbes 
and  Coolidge  dealing  with  the  system  water,  ether  and  succinic  add  and 
contains  some  new  relations  between  various  functions  of  the  variables  of 
ternary  systems  not  contained  in  their  article  and,  in  particular,  new 
additional  relationships  between  the  various  partial  derivatives  to  be  de- 
fined later.  The  authors  determined  the  composition  of  a  large  number 
of  solutions  both  unsaturscted  and  saturated  with  respect  to  various  com- 
ponents.   They  use  the  following  S3rstem  of  symbols: 

s     =  mole  fraction  of  succinic  add  in  water  layer. 

e     =  mole  fraction  of  ether  add  in  water  layer. 

w    =  mole  fraction  of  water  add  in  water  layer. 

a     —  mole  fraction  of  succinic  add  in  ether  layer. 

w     =  mole  fraction  of  water  add  in  ether  layer. 

6     »  mole  fracticm  of  ether  add  in  ether  layer. 
The  distribution  ratio  is  R  —  s/a  and  the  temperature  coeffident  is 

dR  _  i^  ds s_  dc  _  1  /ds ^  da\ 

dt         ff  dt       a^   dt        <r  \dt  dt  / 

Tte  .uthor.  put  (1)^  .  a,  (^)_  -  t.  (|)_  -  «,  «d  (^)_  -  .. 


de 
dt  " 

b  + 

de 

ds 

b  + 

an 

dt 

I  — 

am 

ds  ds  %m*  V  %mwr 

-r.  '^  '^  +  f9t  y    they    obtain    —  *  .     Similarly    they    obtam 

dt  dt         '^  dt       I  —  am  ^         ^ 


»  This  Journal,  41,  150  (1919). 
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They  thus  arrive  at  the  following  relationship  for  the  temperature  00- 
efficient:    dR  ^     b  +  an_  s_h_±c.\ 
at         <r(i — am)       <r^  \i  —  «/*/ 

Now,  at  first  glance,  the  reader  is  stuprised  to  see  (  ~  j  put  equal  to  a 

and  l-f)  put  equal  to  m  and  not  equal  to  ~.    The  reason  of  course  is 

that  the  two  derivatives  in  question  refer  to  dififerent  curves  representing 
different  series  of  solutions.  Otherwise  i  —  am  wotdd  equal  zero  and 
so  would  (6  +  an)  equal  zero  and  the  ratios  would  be  indeterminate.  It 
seemed  to  the  present  writer  worth  while  to  put  the  mathematical  rela- 
tions on  a  clearer  and  more  definite  basis,  so  that  the  student  might  see 
at  once  the  particular  set  of  solutions  or  the  particular  curve  to  which 
each  partial  derivative  refers.  With  that  end  in  view  let  us  adopt 
the  following  scheme  of  symbols  for  the  ternary  system  water,  ether  and 
sucdnic  add: 

Water  Layer. 

5i  =*  mole  fraction  of  add  in  water  layer,  saturated  with  add  but  not 

with  ether. 
et  =  mole  fraction  of  ether  in  water  layer,  saturated  with  add  but 

not  with  ether. 
Si  =  differs  from  Si  in  that  the  solution  is  saturated  with  ether  but  not 

with  add. 
et  ^  differs  from  ei  as  st  differs  from  si. 
Ss  and  eg  refer  to  add  and  ether  in  solutions  saturated  with  both. 

Ether  Layer. 
ci  and  6>i  =  mole  fractions  of  add  and  water,  respectivdy,  in  ether 
layer  saturated  with  add  but  not  with  water. 

^tf  (^t  (Tsf  <^s  h&ve  meanings  which  are  almost  self-evident. 
We  have  the  following  functional  equations:  si  =  fi{i,ei)  and  st  =  /» 
(^^i),  represented  at  a  fixed  temperature,  t,  by  two  curves  which  intersect 
at  a  point  where  si  and  s^  become  Ss  and  ei  and  €2  become  ^,.    We  can 

express  these  results  as  follows:    5,  =  Lim  /i(tei)    =   Lim  fi(t»^)    = 

«i  -  ^  «i  -  •« 

ft{t)  »  fiifis)-    Similarly  we  could  write  <ri  =  ^(/,a)i);  <r2  =  ^(<i«a)  and 

Cf  =  Lim   (pi(t,o)i)   =  Lim    ^(/,«2)   =   ^(0   =  ^'^(w,).      And   finafly, 


r'-.4?.(t)-.^.(t> 

uations  (c 
di        \dt  A  "*"  \dejt  '  dt 


ft  -  «5  ft  -  #5 

Now  from  the  4  equations  (only  two  of  whidi  are  indq>endent) 
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dst       /dst\     ,   fdst\      dft 
dt    "  \dt  A  "^  Vd^A  *  dt 

^  =  /^^^^     4-  (^^      ^ 
dt       \dt  A  "^  \d5i/,  •  A 

det  ^  /d^\         /^\     ^ 
dt        \dt  A  "^  Vd^i/  '  dt 


we  obtain  for  the  point  at  which  the  aqueous  solution  is  saturated  with 
both  add  and  ether, 

l'-.^,(^i+J-j;.(t).  I' 

If  we  write  the  last  4  equations  as  follows: 

de,  ,        ds,  ,        ds, 

the  meaning  of  the  symbols  ai,  fei,  wi,  mi,  etc.,  will  be  evident.    For  ex- 
ample ai  =  Lim  (  t^  )   and  oj  =  Lim  (  t^  ) ,  etc.    Note  that  ai  =  — , 
ft  -  r,  \oei//  ft  -  r,  \aft/<  Wi 

I  — 61  — bt 

Oj  =  — ,  Wi  =  ,  n$  =  . 

fMs  ai  Os 

Prom  the  equations  we  can  get  the  following  relations: 

d£i  ^  b\  +  aiftg  ^  &a  +  a>ni  ^  Oi&i  —  0162 
dt        I  —  aimj       I  —  OjWi         a»  —  ai 
^,  ^  ni  +  mibj  _  fh  +  mJh  ^  61  —  bt 
dt        I  —  chmi        I  —  atnh       ot  —  Oi 

An  additional  result  such  as  —^  =  —  is  meaningless  since  the  frac- 

dt        I  —  aitni 

tion  is  of  the  form  -.     In  the  same  way  we  can  obtain  for  the  ether  layer, 

^    =s    ft   +    ^^^«    ^    ft  +    ^1^1    _    ««ffl  gift 

dt         I  —  aiMt        I  —  obMi  fl*  —  ai 

*  Only  the  first  two  of  these  4  equations  arc  independent.    The  four  are  written 
down  to  show  the  relationship  to  the  results  obtained  by  Forbes  and  Coolidge. 
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dwa  _.  yi  +  Mift  ^  ya  +  Auft  _  ft  —  fe 
d^  I  —  aiMi        I  —  ai/i2        at —  ai 

where  the  Greek  letters  have  meanings  for  the  ether  phase,  analogous 
to  the  Roman  letters  for  the  aqueous  phase.  Written  in  the  above  man- 
mer,  there  is  no  chance  of.  mistaking  the  curve  to  which  the  partial  de- 
rivatives refer.    We  readily  see  that  in  our  notation, 

dR^_  I   /ajbi  —  aibt      ^     otfii  —  aifit\ 
cU        fffK  Os  —  ai  OS  —  a\    / 

or  if  we  retain  some  of  the  letters,  Wi,  ff«,  mi,  wi,  etc.,  we  obtain  the  ex- 
pression 

dR  ^  i^  /fri  +  aifh  _  ^      Pi  +  aivt\ 
cU         <r,  \i  —  ditnt  I  —  axfjbi/ 

identical,  of  course,  with  the  one  given  by  Forbes  and  CooUdge  when 
the  proper  interpretation  is  given  to  the  letters  used  by  them. 

MiMNSApous,  Minn. 


RELATIONS  BETWEEN  DISTRIBUTION  RATIO,  TEMPERATURE 
AND  CONCENTRATION  IN   SYSTEM:   WATER, 
ETHER,  SUCCINIC  ACID. 

By  G.  S.  FoRBBS  and  A.  S.  Coolidgs. 

Receiywl  July  23»  1919. 

F.  H.  MacDougall,  in  the  preceding  artide,  points  out  the  possibility 
of  misunderstandmg  the  physical  significance  of  certain  partial  deriva- 
tives in  our  paper  as  published  in  This  Journal.^  He  shows  how  con- 
fusion may  be  rendered  impossible  by  use  of  a  more  elaborate  set  of  sym- 
bols. On  page  i6i  of  our  article  directions  are  given  for  finding  the 
derivatives  by  drawing  tangents  to  the  intersecting  curves  in  Fig.  3  and 
reading  the  slopes.  The  values  given  for  the  slopes  will  identify  the  de- 
rivatives beyond  question  even  if  doubt  previously  existed  concerning 
them.  We  are  glad  to  note  that  Professor  MacDougall  agrees  with  our 
final  conclusion. 

Cambsiikmi,  Mass. 
» 41,  150  (1919). 
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[Contribution  from  Department  op  Cheicistry,  University  op  North 

Caroi^ina.] 

ZmCONYL  COMPOUNDS  WITH  THE  OXY-HALOGEN  ACmS.^ 

By  F.  p.  Venable  and  I.  W.  Smithey. 
Received  July  23.  1919. 

Little  is  known  of  the  zirconyl  oxy-halogen  salts  though  a  chlorate, 
iodate,  and  periodate  have  been  mentioned  in  the  literature.  The  fol- 
lowing investigation  was  tmdertaken  to  devise  methods  of  preparation, 
to  see  if  definite  compounds  could  be  obtained,  and  also  to  observe  the 
effects  of  hydrolysis  upon  them.  The  salts  prepared  were  those  with 
iodic,  perchloric,  and  chloric  adds. 

Zirconyl  lodate. 

As  zirconium  hydroxide  is  insoluble  in  iodic  add  this  salt  was  prepared 
by  predpitation.  When  a  concentrated  solution  of  iodic  add  is  added 
to  one  of  zirconyl  chloride  a  curdy,  white  predpitate  forms  immediatdy. 
As  the  solution  is  added  gradually  the  predpitate  first  forms,  redissolves 
on  stirring,  but  soon  becomes  permanent.  The  predpitate  settles  readily 
and  can  be  washed  by  decantation.  A  similar  predpitate  forms  when 
an  alkali  iodate  is  substituted  for  iodic  add,  whidi,  according  to  Brinton 
and  James,'  is  almost  insoluble  in  nitric  add,  provided  a  considerable 
excess  of  the  iodate  ion  is  present.  Davis*  states  that  the  predpitation 
with  an  alkali  iodate  added  in  excess,  is  almost  quantitative  but,  on  ac- 
count of  the  varying  composition  of  the  predpitate  it  could  not  be  used 
anal)rtically. 

The  predpitate  formed  was  a  white  powder,  insoluble  in  water,  alco- 
hol, and  ether.  It  was  decomposed  by  cone  hydrochloric  add  with  evcdu- 
tion  of  chlorine.  It  showed  decomposition  when  heated  to  loo^  and 
iodine  vapors  were  distinctly  visible  at  125°.  For  analysis,  therefore, 
samples  partially  dried  at  room  temperature  were  used.  Five  prepara- 
tions were  made,  care  being  taken  to  have  ndther  compound  in  excess 
in  the  predpitation.  In  the  first  preparation  both  solutions  were  con- 
centrated and  the  iodic  add  added  gradually  to  the  zirconyl  chloride.  In 
the  remaining  preparations  more  dilute  solutions  were  used  to  make  hand- 
ling the  predpitates  easier.  In  the  first  and  second  preparation  no  addi- 
tional water  was  used  for  washing,  but  the  water  present,  which  should 
contain  practically  only  hydrochloric  add,  was  removed  so  far  as  possi- 
ble by  suction.  The  third  preparation  was  washed  with  6  liters  of  water 
at  room  temperattu-e  in  one-Uter  portions.  The  fourth  preparation  -was 
treated  with  20  Uters  of  hot  water  in  one-liter  portions,  and  the  fifth  in  the 

*  Submitted  to  the  Faculty  of  the  University  of  North  Carolina  by  I.  W.  Smithey 
as  part  of  the  requirement  for  the  degree  of  Master  of  Sdence. 

*  Tms  Journal,  41,  1080  (1919). 
» Am.  Chem.  J.,  11,  26  (1889). 
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same  way  with  30  liters  of  hot  water.  It  was  thought  that  this  change 
of  CQnditions  should  give  an  approximate  idea  as  to  the  progress  of  hy- 
drolysis. The  analyses  were  made  by  treating  the  sample  with  cone, 
hydrochloric  add  and  titrating  the  liberated  chlorine  with  sodium  thio- 
sulfate.  From  the  hydrochloric  acid  solutions  thus  obtained  the  zir- 
conium hydroxide  was  precipitated  by  ammonitun  hydroxide,  ignited, 
and  weighed  as  zirconia. 

In  reporting  the  anriyses  and  calculated  formulas  the  following  con- 
siderations have  prevailed  with  us:  The  hydrolyzing  of  zirconitun  salts 
results  in  the  formation  of  zirconyl  compounds  and  the  separation  of  the 
add  radical  which,  if  soluble,  is  removable  by  water.  The  zirconyl  salt 
is  commonly  hydrolyzable  further,  resulting  in  the  separation  of  more  of 
the  add  radical  and  the  formation  of  a  basic  zirconyl  compotmd.  In 
the  case  of  the  chloride  this  hydrolysis  may  proceed  until  comparativdy 
little  of  the  add  radical  is  left.  The  question  then  arises  as  to  the  com- 
position of  the  basic  radical.  The  normal  hydroxide  is  quite  imstable 
and  the  methods  of  preparation  used  in  the^  investigation  would  seem  to 
predude  its  presence  in  the  basic  compounds.  The  facts  of  ionic  disso- 
dation  give  abundant  evidence  of  the  existence  of  the  ZrO  radical  in 
such  compounds  and,  according  to  some  investigators,  of  the  existence 
also  of  another  radical,  ZrsOa.  We  have  been  chiefly  influenced  by  the 
fact  that  dialysis  separates  zirconyl  hydroxide  from  strongly  hydrolyzed 
solutions  and  prefer  to  regard  these  basic  compounds  as  addition  com- 
pounds with  zirconyl  hydroxide  and  the  use  of  such  formulas  undoubtedly 
presents  a  better  picture  of  the  progress  of  the  hydroljrsis.  There  is 
evidence  also  that  part  of  the  water  is  more  persistently  retained. 

Analyses  of  the  compounds  to  be  described  in  this  paper  were  made  in 
duplicate.  Only  one  is  reported  unless  there  were  noteworthy  varia- 
tions in  the  duplicates  or  other  reasons  make  it  advizable  to  give  both. 

I.  Precipitate  formed  from  concentrated  solutions  and  unwashed  so  that  the  first 
stage  of  hydrolysis  might  undergo  no  change.  The  analyses  on  the  water-free  basis 
yielded  the  ratio  ZrO  :IOi: -.30.62: 69.38.  The  formula  ZrO(OH)t.2ZrO(IO,)t  gives 
the  ratio  31.36:68.64. 

3.  Precipitated  from  more  dilute  solutions  and  imwashed  to  observe  the  effect, 
if  any,  of  change  in  concentration.  With  more  time  at  disposal  a  series  of  experiments 
with  measured  changes  of  concentration  would  have  been  carried  out.  Prom  the 
analyses  on  water-free  basis  the  ratio  ZrO: Id: : 33. 14: 66.86  was  obtained.  The  ratio 
calculated  for  5ZrO(OH)t.8ZrO(IOi)s  is  33.11:66.89.  The  amotmt  of  water  then 
in  the  solutions  materially  affects  the  degree  of  hydrolysis. 

3.  The  preparation  made  as  in  No.  2  was  washed  with  6  liters  of  water  at  room 
temperature  to  observe  the  effect  of  cold  water  upon  the  precipitate  already  formed. 
The  water  was  used  in  one-liter  portions.  The  analyses  (water-free)  gave  the  ratio 
ZrO:IOi::34.73:65.27.  The  formula  3ZrO(OH)i.4ZrO(IOi)i  would  require 
ZrO  :IOi::  34-7^ -65.23. 

4.  The  preparation  was  washed  with  20  liters  of  boiling  water  in  one  liter  portions 
to  test  the  effect  of  increased  amount  of  water  and  raised  temperattu^.    The  ratio 
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found  here  was  ZrOrld:  .'48.33: 5 1.67,  and  that  required  for  the  formula  2ZrO(OH)».- 
ZrO(IOt)i  is  47.75:52.25. 

5.  The  preparation  was  washed  with  30  liters  of  boiling  water  in  one-liter  portions 
to  magnify  such  effects  as  might  be  caused  under  the  conditions  in  No.  4.  The  analytical 
results  gave  the  ratio  ZrOiIOj:  :55.38:44.62.  For  the  formula  3ZrO(OH)j.ZrO(IOi)j 
the  ratio  is  54.92 145.08.     The  hydrolysis,  therefore,  has  progressed  still  further. 

Whether  the  analyses  are  to  be  taken  as  representing  definite  compounds 
or  not  is  not  very  material  for  our  purposes.  It  might  possibly  be  settled 
by  repeating  the  experiments  under  identical  conditions  to  see  whether 
the  same  compounds  were  always  obtained.  The  iodate  offers  many 
advantages  on  accotmt  of  its  insolubiUty  and  quantitative  precipitation 
for  studying  this  and  other  points,  and  such  work  may  be  done  later.  For 
the  present  it  remains  to  stmi  up  the  results  obtain^  under  a  few  rather 
arbitrary,  widely-varying  conditions,  as  foUows: 

PonnuUs.  Mols. 

Conditions  of ■ »        hydrohrzcd 

No.  predpiUtion.  With  HtO.  Without  HaO.  per  1000. 

1  Pptd.  from  cone,  sol . ;  un- 

washed      ZrO(OH)i.2ZrO(IOi)2  Zri04(IOi)4  334 

2  Pptd.  from  dil.  sol.;  un-       • 

washed 5ZrO(OH)i.8ZrO(IC),)j  ZrnOn(IOi)n         385 

3  Pptd.    from    dil.    sol.; 

washed;  cold  HjO 3ZrO(OH)t.4ZrO(IOi)j  Zr70io(IO,)t  431 

4  Pptd.     from    dil.     sol.; 

washed;  20  liters  boil- 

mg  H,0 2ZrO(OH)j.ZrO(IOa),  ZrjOiClO,),  667 

5  Pptd.    from    dil.    sol.; 

washed;  30  liters  boil- 

mg  H,0 3ZrO(OH),.ZrO(IO,),  Zr407(IO,),  750 

The  normal  zirconyl  iodate  ZrO(I08)j  is  not  formed  by  this  method 
but,  if  formed,  is  immediately  more  or  less  hydnd3rzed.  At  some  later 
time  efforts  will  be  made  to  prepare  both  this  and  the  normal  iodate. 

Zirconyl  Perchlorate. 
This  compound  hai  not  been  previously  prepared.  The  ordinary  60% 
perchloric  acid  showed  littie  solvent  power,  but  on  diluting  with  an  equal 
amount  of  water  it  dissolved  zirconium  hydroxide  readily.  Bearing  in 
mind  the  influence  of  temperatiu-e  upon  hydrolysis  two  different  methods 
of  solution  were  used.  In  the  first  case  cold  diluted  add  was  allowed  to 
stand  in  contact  with  an  excess  of  the  hydroxide  for  some  weeks.  The 
dear  liquid  was  then  separated  from  the  undissolved  hydroxide  and  al- 
lowed to  evaporate  over  caldum  chloride.  Two  large  aystals  and  several 
smaller  ones  formed.  The  larger  ones  measiu-ed  15  X  14  X  11  mm. 
and  13  X  12  X  9  mm.,  respectivdy,  and  apparently  bdonged  to  the 
tridinic  system.  They  weighed  over  2.5  g.  each  after  drying  between 
filter  paper,  and  were  analyzed.  The  zirconium  hydroxide  was  precipi- 
tated by  ammonitun  hydroxide,  washed  and  ignited  for  zirconia.    The 
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filtrate  and  washings,  containing  ammonium  perchlorate,  were  evap- 
orated on  a  water  bath,  dried,  weighed,  and  analysed  on  a  water-free 
basis. 

Calc  for  4ZrO(C104)i.C104H:  ZrO,  32.20;  004,  67.65.     Found:  ZrOj  (i),  31.52; 
(2),  32.11;  CIO4  (i),  68.48;  (2),  67.89. 

The  second  method  of  preparation  was  by  heating  the  perchloric  add 
with  an  excess  of  zirconimn  hydroxide  on  a  water  bath  until  no  more 
hydroxide  was  dissolved.  This  satiu-ated  solution  formed,  on  cooling, 
radiating  clusters  of  crystals  from  which  individual  crystals  could  not  be 
separated.  The  mother  liquor  was  poured  oflF,  the  oystals  washed  with 
a  small  amount  of  water  and  placed  over  sulfuric  acid.  They  were  very 
deliquescent  and  failed  to  dry  completely.  They  were  odorless,  soluble 
in  alcohol,  ether,  benzene,  chloroform,  and  carbon  tetrachloride,  but  no 
crystals  were  obtained  from  these  solutions.  A  small  portion  heated 
quickly  on  platinum  foil  exploded  with  a  sharp  report,  but  when  heated 
slowly  it  intumesced,  leaving  finally  a  white  mass  of  zirconia.  Decom- 
position was  evident  at  ioo°.  Foiu-  different  preparations  were  made 
and  samples  analyzed  with  the  following  results: 

Water-free;  ZrO,  37.79,  37.84,  37-82,  37.70;  CIO4,  62.21,  62.16,  62.18,  62.30 

The  reaction,  then,  may  be  represented  by  the  equation 

8ZrO(C104)8.Cl04H   +  2ZrO(OH),  =  ZrO(OH)2.9ZrO(C104)j 

two  molecules  of  the  zirconyl  perchloric  add  dissolving  two  mdecules 
of  arconyl  hydroxide,  this  bcdng  the  limit  of  saturation.  The  percentages 
required  by  the  formtda  for  this  basic  zirconyl  perchlorate  on  the  water- 
free  basis  are  ZrO,  37.32  and  CIO4,  62.68.  The  oystalline  character  of 
the  product  and  the  uniformity  of  the  results  from  several  different  prepara- 
tions would  go  to  show  that  the  compound  is  a  definite  one.  We  have  in 
these  two  compounds  analogy  with  zirconyl  sulfuric  add,  ZrOS04.S04Hs. 

In  attempting  to  purify  by  reoystallization  the  crystalline  crop  ob- 
tained on  saturating  perchloric  add  with  zirconyl  hydroxide  it  was  found 
that,  while  crystals  formed,  they  had  returned  to  the  composition  of  the 
original  zfrconyl  perchloric  add,  4ZrO(C104)2.C104H.  Part  of  prepara- 
tion No.  I  was  recrystallized  4  times  and  of  preparation  No.  2,  5  times, 
and  the  resulting  crystals  anal3rzed. 

Found:  ZrOi  (i)  3177;  (2)  32.31;  CIO4.  (i)  68.23,  (2)  67.69. 
These  results  agree  with  those  required  for  the  formula  4ZrO(C104)2.C104H. 

This  woidd  appear  to  be  the  more  stable  form,  two  molecules  of  it 
having  the  power  of  forming  a  compoimd  with  one  molecule  of  zirconyl 
hydroxide,  this  being  dissodated  on  resolution. 

Zirconyl  Chlorate. 

Weibull^  has  reported  the  preparation  of  this  compound  by  the  double 
«  Act,   Univ.  Lund.,  II,  18:  V,  53  (1881). 
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decomposition  of  zirconitim  sulfate  and  barium  chloride  according  to  the 
equation 

Zr(S04)2  +  2Ba(C10,)j  =  BaS04  +  Zr(ClQ,)4, 
assigning  to  the  product  the  latter  formula.    Details  and  anal3rses  are 
not  given.    Zirconimn  sulfate,  however,  is  hydrolyzed  in  solution  and 
the  chlorate  cannot  well  have  the  composition  indicated  as  it  also  hydro- 
lyzes. 

Basic  zirconyl  chlorate  was  prepared  by  us  by  adding  a  solution  of 
potassitun  chlorate  to  a  cold  concentrated  solution  of  zirconyl  perchlorate. 
An  abundant  crop  of  crystals  formed  immediately,  consisting  of  potassium 
perchlorate  and  containing  no  zirconium.  Additional  crops  of  these  ays- 
tals  were  separated  as  evaporation  proceeded,  the  mother  liquor  becom- 
ing yellow,  syrupy,  and  smelling  of  chlorine  dioxide.  Fiuther  concen- 
tration yielded  larger,  well-formed  crystals,  differing  from  the  preceding 
crops.  Only  a  faint  test  for  potassitun  was  obtained.  The  crystals  were 
very  deliquescent,  soluble  in  alcohol  but  insoluble  in  ether.  They  had  a 
slightly  yellowish  color  and  oxidized  organic  matter.  Some  of  the  crys- 
tals were  washed  and  dried  over  phosphorus  pentoxide.  Neither  calcium 
chloride  nor  sulftuic  add  were  effective  as  drying  agents.  In  analysing 
the  chlorine  was  determined  by  dissolving  a  weighed  amount  in  water  in  a 
small  flask  fitted  with  a  separatory  funnel  for  hydrochloric  add,  a  tube  for 
admitting  carbon  dioxide,  and  a  delivery  tube  connected  with  two  U-tubes 
in  series,  containing  potassium  iodide  solution.  The  liberated  iodine 
was  titrated  with  0.1  N  soditun  thiosulfate.  The  zirconium  hydroxide 
was  predpitated  from  the  hydrochloric  add  solution,  ignited,  and  weighed. 
Two  preparations  were  analyzed  on  a  water-free  basis. 

Calc.   for  ZrO(OH)f.3ZrO(C10.),:  ZrO.   4599;   CIO.,   5401.    Found:  ZrOi.   (i) 
45.18;  (2)  45.95;  CIO,,  (i)  54.82,  (2)  54.05. 

The  normal  zirconyl  chlorate  was  therefore  not  obtained.  If  formed,  it 
was  hydrolyzed  under  the  conditions  of  the  experiment.  The  hydrdysis 
is  less  far-reaching  than  in  the  case  of  the  iodate,  as  only  one  out  of  four 
of  the  molecules  are  hydrolyzed  compared  with  one  out  of  three  in  the 
latter  case.  The  definite  nattu-e  of  the  hydrolyzed  product  is  proved 
by  the  oystalline  form.  It  is  manifestly  not  very  stable,  as  shown  by 
the  liberation  and  decomposition  of  chloric  add. 

Summary. 

1.  Several  basic  zirconyl  iodates  were  prepared  and  the  stages  of  pro- 
gressive hydrolysis  indicated. 

2.  The  perchlorate  4ZrO(C104)t.C104H  was  obtained.  This  can  be 
dissolved  and  recrystallized  without  further  hydrolysis.  Two  molecules 
of  it  when  warmed  will  dissolve  two  molecules  of  zirconyl  hydroxide, 
forming  ZrO(OH)2.9ZrO(C104)j,  which  is  also  crystalline.    On  redissolv- 
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ing  and  crystallizing  the  add  perchlorate  or  zirconyl  perchloric  add  sepa- 
rates. 

3.  The  basic  zirconyl  chlorate  formed  is  oystalline  and  corresponds 
to  the  formula  ZrO(OH)j.3ZrO(C108)2.     It  is  easily  decomposed. 

Cbapsl  HiLir,  N.  C. 


(Contribution  prom  ths  Kent  Chemical  Laboratory  of  the  University  op 

Chicago.  ) 

STUDIES  IN  CONDUCTIVITY.    V.  NOTES  ON  THE  MEASURE- 
MENT OP  THE  CONDUCTIVITY  OF  SOLUTIONS. 

By  H.   I.  SCHLBSINGER  AND  F.   H.   ReED.» 
Received  July  28.  1919. 

During  the  past  few  years  a  series  of  very  thorough  and  valuable  papers 
by  Washburn  and  his  associates'^  on  the  methods  and  apparatus  for  mea- 
suring the  conductivity  of  solutions  has  been  published.  Other  papers 
by  Acree  and  his  students'  have  also  added  greatly  to  our  knowledge  of 
the  subject.  Nevertheless  a  ntunber  of  difficulties  which  we  have  en- 
countered in  the  measurements  required  for  our  work  on  formic  acid  solu- 
tions have  either  not  been  touched  on  at  all  or  have  received  only  very 
scant  attention  as  will  be  pointed  out  below.  Since  we  have  developed 
simple  criteria  for  detecting  the  difficulties  in  question  and  simple  methods 
fen-  overcoming  them,  it  has  been  suggested  to  us  that  the  publication 
of  a  T6svan€  of  these  points  would  be  of  value  to  other  workers  in  this 
field. 

The  resistance  of  the  solutions  was  meastured  by  the  Wheatstone- 
Kohkausch  method,  using  a  Siemens  and  Halske  high  frequency  genera- 
tor, a  rotary  bridge,  and  a  standardized  Curtis  coil  resistance  box.  The 
connections  and  the  methods  of  shielding  the  apparatus  are  those  recom- 
mended by  Washburn  and  Bell.*  In  conjtmction  with  the  high  frequency 
circuit  we  used  a  Leeds  and  Northrup  condenser  which  permits  of  placing 
equal  capacities  in  series  with  the  two  lines  of  the  circuit;  by  means  of  a 
two-way  switch  this  condenser  could  be  eliminated  and  readings  taken 
without  any  capacity  in  the  high  frequency  circuit.  It  was  observed 
that  the  introduction  of  the  condenser,  while  it  improved  the  sharpness 
of  the  minimum,  decidedly  shifted  its  position  and  that  the  shift  thus  pro- 
duced depended  on  the  type  of  resisting  medium  and  the  magnitude  of 

*  The  work  reported  in  this  and  the  following  paper  of  this  series  has  been  presented 
to  the  Faculty  of  the  Ogden  Graduate  School  of  Science  of  the  University  of  Chicago 
by  F.  H.  Reed  in  part  fulfillment  of  the  requirements  for  the  degree  of  Doctor  of  Philo- 
sophy.   The  work  was  completed  in  the  fall  of  19 16. 

«  This  JoTONAL,  38,  2431  (1916);  39,  235  (1917). 

*  Acree  and  Taylor,  Ibid,,  38,  2396  (1916). 

*  This  Journal,  35,  177  (19 13).  An  excellent  r6sum6  of  the  Washbtum  apparatus 
is  given  in  the  I«eeds  and  Northrup  Catalog  48  (19 15). 


Digitized  by 


GooQle 


1728  H.   1.   SCHLESING^R  AND  F.   H.   R^ED. 

the  resistance.  The  shift  was  particularly  large  when  the  usual  Wheat- 
stone  bridge  set-up,  that  is  with  the  current  entering  at  the  ends  of  the 
bridge,  was  used.  Thus,  the  introduction  of  the  condenser  did  not  shift 
the  minimum  when  a  resistance  coil  of  approximately  300  ohms  was 
measiu-ed  against  300  ohms  in  the  Ciu*tis  box,  but  with  400  ohms  the  mini- 
mtun  shifted  from  o .  5001  to  o. 5005,  and  when  a  1000  ohm  coil  was  mea- 
stu'ed  against  a  1000  ohm  Curtis  coil  from  0.5001  to  0.5013.  It  is  seen 
therefore  that  when  the  type  of  the  resisting  meditmi  remains  the  same 
the  shift  in  the  minimiun  increases  with  the  resistance  to  be  measured. 
But  there  is  another  factor  involved,  for  when  the  coil  resistance  is  re- 
placed by  a  cell  containing  o.oi  N  solution  of  potassium  chloride,  larger 
shifts  are  obtained  even  with  smaller  resistances.  Thus  in  a  cell  in  which 
the  solution  had  a  resistance  of  approximately  880  ohms,  the  bridge 
reading  shifted  from  0.2540  to  0.2589  with  the  condenser,  while  in  an- 
other cell  in  which  the  resistance  of  the  same  solution  was  1387  ohms,  the 
reading  shifted  from  o .  2238  to  o .  2320.  It  is  to  be  noted  that  even  where 
the  shift  is  very  large,  each  reading  was  very  sharp,  the  maximum  error 
of  setting  being  not  greater  than  o .  0001 . 

It  is  of  course  necessary  to  eliminate  such  shifts.  To  do  this  we  first 
determined  the  arrangements  of  the  bridge,  etc.,  which  gave  correct 
readings  when  two  standardized  Curtis  coUs  (each  of  1000  ohms)  were 
placed  in  the  two  remaining  arms  of  the  bridge,  and  it  was  found  that  the 
restdts  without  capacity  in  the  high  frequency  circuit  were  correct,  whereas 
the  use  of  the  condenser  produced  the  sort  of  shift  described.  In  order 
to  retain  the  advantages  of  having  resonance  on  the  circuit,  and  at  the 
same  time  to  avoid  the  difficulty  described,  we  investigated  the  matter 
from  an  experimental  point  of  view  and  foimd  the  following:  (i)  The 
shift  could  be  completely  eliminated  by  having  capacities  in  the  two 
sides  of  the  circuit  which  were  not  identical.  When,  for  example,  the  two 
capacities  were,  respectively,  0.0245  and  0.0225  microfarad,  the  shift 
was  greatly  decreased  but  not  entirely  eliminated.  No  fiulher  changes 
in  capacity  which  could  be  produced  by  our  Leeds  and  Northrup  con- 
denser made  further  improvement,  but  by  using  a  small  variable  Clapp- 
Eastham  air  condenser  in  parallel  with  the  smaller  capacity  we  eliminated 
the  divergence  for  all  cases  investigated.  The  setting  of  this  condenser 
for  our  purpose  made  the  total  capacity  for  this  side  about  0.0228  micro- 
farads. There  is,  however,  a  disadvantage  in  using  this  method  of  avoid- 
ing the  difficulty;  for  when  the  capacities  are  adjusted  to  give  correct 
readings  for  the  case  in  which  the  shift  is  fairly  great,  the  setting  is  also 
correct  for  any  case  where  the  divergence  is  smaller,  but  not  necessarily 
so  where  it  is  greater.  This  condition  necessarily  leads  to  uncertainty 
in  the  results.  (2)  It  was  fiuther  fotmd  that  when  the  bridge  was  ar- 
ranged to  have  the  telephone  at  the  ends  of  the  slide  wire  the  shift  itv^is 
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very  much  reduced.  We  shall  call  this  arrangement  "set-up  A"  while 
the  arrangement  usually  used  is  called  ''set-up  B."  Thus,  in  the  case  in 
which  with  set-up  B  the  bridge  reading  with  equal  capacities  was  0.2320 
and  without  capacity  was  o .  2238,  the  corresponding  readings  were  o.  2234 
and  0.2238,  respectively,  for  set-up  A;  and  where  set-up  B  gave  smaller 
shifts  than  this,  set-up  A  gave  identical  results  with,  or  without,  capacity. 
Furthermore,  in  the  case  of  set-up  A,  when  the  capacities  in  the  high 
frequency  circuit  were  0.0245  and  0.0225,  respectively,  instead  of  equal, 
the  introduction  of  the  condenser  into  the  circuit  no  longer  produced  any 
shift  in  the  minimum  and  gave  the  correct  reading  for  every  type  and 
value  of  resistance  meastured  by  us.  Small  changes,  such  as  would  be 
produced  by  introducing  the  air  condenser,  have  no  efifect  on  the  readings 
with  set-up  A.  This  arrangement  has,  however,  the  disadvantage  that 
a  larger  amount  of  current  flows  through  the  cell  than  with  set-up  B, 
and  more  heating  of  the  solution  results.  This  difficulty  can  be  completely 
overcome  by  making  an  approximate  setting,  waiting  until  the  solution 
returns  to  the  bath  temperature,  and  then  making  the  final  reading  very 
quickly.  It  is  also  hdpf id  to  use  a  resistance  in  the  box  somewhat  smaller 
than  the  resistance  in  the  solution.^ 

The  explanation  of  the  results  described  can  doubtless  be  found  in  some 
dissymmetry  in  the  high  frequency  circuit*  before  it  reaches  the  bridge. 
We  were  tmable  to  locate  it  and  made  no  extended  efforts  to  do  so  as  we 
eliminated  the  difficulty  by  the  method  described.  The  reason  why 
set-up  A  gives  smaller  deviations  than  does  set-up  B  is  probably  because 
the  arrangement  of  the  bridge  in  the  former  is  more  nearly  S3rmmetrical 
and  consequently  produces  more  nearly  equal  energy  losses  in  the  various 
arms  of  the  bridge. 

There  is  another  source  of  possible  error  in  measuring  resistances  of 
solutions  which  has  not  received  the  attention  which  it  deserves  in  the 
treatment  of  the  subject.  In  the  papers  to  which  reference  is  made  above 
the  fact  that  the  minimum  may  be  perfectly  sharp  and  yet  may  not  be 
correct  has  been  mentioned,  but  no  stress  has  been  laid  on  this  important 
point.  Acree,  for  example,  has  stated  that  one  of  the  criteria  for  the  re- 
liability of  a  cell  is  that  it  must  give  for  the  ratio  of  the  resistance  of  two 
solutions  measiued  in  it  the  same  value  as  is  found  in  some  other  cell. 
This  may  be  put  in  other  words  by  the  statement  that  the  cell  constant 

*  That  the  readings  as  usually  taken  by  us  and  the  readings  at  the  center  of  the 
bridge  give  identical  results,  with  the  set-up  used,  was  repeatedly  proven.  We  also 
found  that  the  capacity  of  approximately  0.024  microfarads  in  the  condenser  was  the 
amount  required  to  produce  resonance,  and  that  making  the  capacities  in  the  two 
sides  of  the  circuit  unequal  did  not  materially  decrease  the  current  obtained. 

•  That  the  difficulty  did  not  lie  in  an  inequality  of  the  capacities  of  the  two  sides 
of  the  condenser  was  shown  by  a  rough  measurement  of  the  capacities  and  by  sub- 
stituting two  standardized  capacities  for  the  one  we  had  been  using. 
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must  be  the  same  no  matter  what  standard  solution  is  used  to  determine 
it.    It  is  of  course  the  usual  procediu-e  to  determine  the  cell  constant 
with  more  than  one  solution.    But  more  than  this  is  necessary  to  make 
certain  that  the  cell  in  question  is  suited  to  the  solutions  whose  conduc- 
tivities are  to  be  determined  in  it.     It  is  essential  that  the  standard  solu- 
tions used  to  determine  the  cell  constant  have  in  the  cell  a  range  of  re- 
sistance completely  covering  the  range  of  the  solutions  to  be  measured 
in  it.    That  this  is  not  usually  understood  is  demonstrated  by  the  fact 
that  the  specific  conductivities  determined  by  Kohlrausch,  which  are 
usually  employed  as  standards  for  the  determination  of  cell  constants, 
are  not  well  enough  distributed  to  cover  satisfactorily  every  possible 
range  of  resistance.    The  data  presented  below  will  make  this  point  dear. 
In  previous  work  on  anhydrous  formic  add  a  special  form  of  Arrhenius 
cdl,  with  fixed  electrodes,  adapted  to  the  measurement  of  fairly  dilute 
solutions,  has  been  employed.^    These  cells  have  cdl  constants  of  approxi- 
matdy  0.2,  as  determined  with  both  0.02  N  and  o.oi  N  solutions  of 
potassium  chloride.    Since  these  cells  are  not  well  adapted  to  the  measure- 
ment of  concentrated  solutions,  without  the  use  of  fairly  large  capadties 
in  paralld  with  the  bridge  circuit,  no  fmther  determinations  of  the  cell 
constants  were  made  at  that  time  as  the  only  other  Kohlrausch  standards 
are  fairly  concentrated  solutions.    The   more   accurate  measurements 
of  the  formate  solutions  required  for  the  work  to  be  reported  in  later 
papers  gave  reason  to  doubt  the  reliabiHty  of  these  cells  and  measurements 
of  the  cdl  constant  with  a  larger  munber  of  solutions  were  carried  out. 
For  this  purpose  we  used  o.oi,  0.02,  0.05  and  0.2  N  solutions  of  potas- 
sium chloride  and  made  the  equivalent  conductivities  of  A.  C.  Mdcher, 
reported  in  the  paper  of  Noyes  and  Falk,*  the  basis 
of  the  calculation  of  the  cdl  constant.    The  data 
obtained  for  one  of  these  *' Arrhenius  type"  cells  as 
well    as    for    the    two    cells    rderred    to    by    the 
symbols  Hi  Fig.  i,  and  Hs  are  given  in  Table  I. 
The  latter  are  cells  of  the  kind  which  have  been 
constructed    for    the    later    work    on    formic  add 
solutions.    Their  construction  will   be    sufl&dently 
dear  from  Fig.   i.     The  dectrodes  are  platinized. 
The  cdls  are   particularly  well  adapted  to  work 
where  only  a  small  volume  of  solution  is  available 
since  20  cc.  of  solution  brings  its  levd   so  high 
above  the  dectrodes  that  the  addition  or  removal 
of    I    cc.    or   slight   tilting   of   the  cell  does  not 
Fig.  I.  change  the  observed  resistance.     Furthermore,  the 

1  This  Journal,  36,  1589  ^i9H)- 
« Ibid.,  34»  454  (1912). 
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readings  are  very  sharp  over  wide  ranges  of  concentration  and  only 
small  capacities  are  required  in  parallel  with  the  bridge  circuit  in 
order  to  obtain  excellent  minima.^  Throughout  a  period  of  more  than 
a  year  in  which  the  cells  were  constantly  in  use  the  cell  constants  did 
not  change,  which  shows  that  the  support  for  the  electrodes  is  sujfidently 
rigid.  In  the  table  mentioned  above,  the  solutions  used,  the  measured 
resistance  (R)  in  ohms  and  the  cell  constant  (C),  calculated  from  the  latter 
for  each  of  the  3  cells  are  given.  The  resistances  are  in  each  case  the 
averages  of  very  ddsely  agreeing  duplicates  made  ydth  different  solutions 
prepared  from  different  samples  of  potassiiun  chloride  which  had  been 
recrystallized  several  times  from  conductivity  water  with  all  due  precau- 
tions and  had  then  been  ignited. 

Tabim  i: 
The  Variation  of  Cell  Constant  with  Increasing  Resistance  of  the  Solution  in  the 

"Arrhenius"  Cell. 


KCl 

solution. 

N. 

Arrhenitts  cell. 

Cell  HI. 

CeUH3. 

R. 

C. 

R.                     C. 

R. 

C. 

O.OI 

142 .38 

0.2015 

1391.I             1.9684 

883.37 

1 .2501 

0.05 

30.25 

0.2021 

294.49          1.9682 

187.12 

1.2506 

0.2 

8.21 

0 . 2040 

79.25          1.9686 

50.35 

1.2509 

0.02 

72.77 

0.2018 

710.40          X.9707 

451.21 

1. 2517 

Leaving  out  of  consideration  for  the  moment  the  results  obtained  with 
the  0.02  N  solution,  we  see  that  the  cell  constant  of  Cell  Hi  does  not  vary 
and  that  the  variation  in  Cell  H3  is  only  o .  06%.  Hence  we  may  conclude 
that  we  may  use  H3  for  solutions  whose  resistance  in  the  cell  lies  between 
79  and  1400  ohms  and  Ha  for  resistances  between  50  and  880  ohms.  As  a 
matter  of  fact,  it  is  only  the  lower  limit  which  is  of  importance.  For 
some  reason,  which  we  are  unable  to  explain,  the  0.02  N  solutions  give 
divergent  results;  the  only  suggestion  which  we  can  offer  is  that  there 
may  be  an  error  in  the  equivalent  conductivity  reported  by  Noyes  and 
Falk.  If  we  now  examine  the  data  for  the  "Arrhenius"  cell  we  see  that 
the  cell  constant  imdergoes  an  apparent  change  of  over  1%  in  the  same 
range  of  concentrations  which  gave  a  maximum  variation  of  only  0.06% 
in  the  other  cells,  even  although  each  reading  in  the  "Arrhenius  t)rpe" 
cell  was  very  sharp,  quite  as  sharp  in  fact  as  in  the  other  cells.  It  is  dear, 
therefore,  that  the  "Arrhenius"  cell  is  not  adapted  to  the  whole  range  of 
resistance  covered  by  these  solutions,  although  there  is  nothing  in  the 
individual  readings  to  indicate  this  fact.  The  following  data  show, 
furthermore,  that  although  the  cell  constant  may  be  the  same  when  calcu- 
lated from  the  results  obtained  with  solutions  of  different  concentraticm 

*  In  the  "Arrhenius  type"  cells,  for  example,  a  capacity  of  0.18  microfarad  had 
to  be  used  in  parallel  with  the  bridge  circuit  to  obtain  a  good  minimum  for  small  re- 
sistances, while  for  the  type  of  cell  here  described  the  maximum  capacity  required  for 
pur  solutions  was  less  than  0,01  microfarad. 
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the  cell  may,  nevertheless,  not  be  satisfactory  unless  the  standard  solu- 
tions cover  the  correct  range  of  resistance.  In  the  cells  Hi  and  H3,  the 
average  of  the  ratio  of  the  resistance  of  the  o.oi  N  to  that  of  the  0.02  N 
potassium  chloride  solution  is  i  .9580.  In  the  "Arrhenius"  cell  the  ratio 
is  1 .  9566,  which  differs  from  the  one  obtained  in  the  other  cells  by  only 
0.07%.  In  other  words,  the  cell  constant  of  the  "Arrhenius"  cell  cal- 
culated from  the  resistance  of  the  0,01  N  solution  would  differ  hardly 
at  all  from  that  calculated  from  the  resistance  of  the  0.02  N  solution  and 
the  unreliability  of  the  cell  would  have  been  overlooked  had  only  these 
two  solutions  been  used.^ 

Summary. 
It  has  been  pointed  out  that  even  though  the  minima  obtained  in  the 
measurement  of  the  resistance  of  solutions  by  the  usual  method  may  be 
perfectly  sharp,  the  results  may  nevertheless  be  incorrect  and  criteria 
for  determining  the  reUabiUty  of  the  measurements  and  methods  for  over- 
coming some  of  the  difficulties  encoimtered  have  been  suggested. 

Chicago,  Jia,. 


[Contribution  from  thb  Wolcott  Gibbs  Mbmoriai«  Laboratory  of  Harvard 

Univbrsity.  ] 

CONCENTRATED  THALLIUM  AMALGAMS:    THEIR  ELECTRO- 
CHEMICAL AND   THERMOCHEMICAL  BEHAVIOR, 
DENSITIES  AND  FREEZING  POINTS. 

By  Theodore  W.  Richards  and  Farrington  Daniels. 

Received  August  1,  1919. 

More  than  twenty  years  ago  a  series  of  investigations  on  the  thermo- 
dynamics of  amalgams  was  begun  in  Harvard  University.*  Recently, 
similar  investigations  have  been  conducted  by  G.  A.  Hulett.*  The  further 
interesting  contributions  of  Joel  H.  Hildebrand  concerning  the  vapor 
pressure  of  amalgams  have  added  important  auxiliary  information.* 

Nevertheless,  the  complete  understanding  of  the  electrochemical, 
thermochemical,  and  osmotic  performance  of  these  interesting  metallic 
solutions  has  not  been  attained.  This  is  imfortunate,  since  the  nature 
of  amalgams  renders  them  more  susceptible  to  varied  investigation  than 
that  of  many  other  types  of  solutions.  It  might  reasonably  be  hoped 
that  knowledge  gained  from  these  might  be  transferred  by  analogy  to 

^  Errors  of  the  kind  found  in  the  case  of  the  "Arrhenius"  cells  are  doubtless  due 
to  polarization. 

*  T.  W.  Richards  and  G.  N.  Lewis,  Proc.  Am.  Acad.,  34,  87  (1898);  T.  W.  Richards 
and  G.  S.  Forbes,  Carnegie  Inst.  Publications,  56,  i  (1906);  T.  W.  Richards  and  J.  H. 
Wilson  andR.  N.  Garrod-Thomas,/W(i.,  118,  i  to  72  (1908);  T.W.Richards  and  F. 
Daniels,  Trans.  Am.  Electrochem,  Soc,  32,  343  (19 12). 

*  G.  A.  Hulett  and  DeLury,  Tms  Journal,  30, 1805  (1908). 

*  J.  H.  Hildebrand  and  E.  D.  Eastman,  Ibid.,  36,  2020  (1914);  37,  2452  (1915). 
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other  solutions,  even  to  aqueous  ones,  as  regards  those  aspects  of  solution 
not  involving  electrolytic  dissociation. 

Therefore  it  seemed  to  be  worth  while  to  follow  further  possible  lines 
of  investigation  suggested  by  earlier  researches  in  the  hope  of  attaining 
a  satisfactory  solution  of  the  points  not  yet  completely  understood.  For 
this  purpose  thallium  lends  itself  more  advantageously  than  any  common 
metal  possessing  a  moderate  solution  tension,  because  thallitun  is  extraor- 
dinarily soluble  in  mercury.  Even  at  20^  the  liquid  amalgam  may 
contain  as  much  as  43.3%  of  thallitun.  Such  amalgams  give  sharp 
and  constant  values  for  their  single  potentials  in  aqueous  solutions  of 
thallous  salts.  Hence  the  free  energy  of  transfer  of  thallitun  from  one 
to  another  of  these  amalgams  can  be  determined  with  great  acciuracy. 

Bearing  these  facts  in  mind,  about  8  years  ago  we  began  an  extended 
research  upon  both  concentrated  liqtiid  and  solid  thalUmn  amalgams, 
using  both  electrochemical  and  thermochemical  methods.  The  experi- 
mental part  of  the  research,  which  was  to  supplement  the  earlier  work  of 
one  of  us  with  J.  H.  Wilson  on  dilute  thallitun  amalgams,  was  completed 
in  the  spring  of  1914,  but  its  pubUcation  has  been  delayed  partly  by  the 
desire  to  correlate  more  ftilly  the  varied  results,  and  partly  by  other 
pressing  duties,  occasioned  by  the  great  war.  The  work  involved  the  de- 
termination of  electromotive  forces  at  several  temperatures,  densities, 
heat  capacities,  heats  of  solution  of  thallitun  in  merctuy,  heats  of  dilu- 
tion of  the  amalgams,  melting  points  of  solid  amalgams,  and  allied  prob- 
lems. The  several  details  are  recorded  below,  together  with  some  of  the 
condusions  which  may  be  drawn  from  the  facts.  The  discussion  of  the 
theory  is  best  postponed  tmtil  the  facts  have  been  presented,  since  the 
method  of  attack  was  inductive  rather  than  deductive.  A  more  com- 
plete interpretation,  which  attempts  to  present  a  consistent  theory  of  the 
constitution  of  the  amalgams,  and  indicates  the  general  tendencies  at 
work  in  all  such  systems,  will  be  the  subject  of  a  later  communication. 
The  Purification  of  Materials. 

The  thallitun  material  came  from  different  soturces,  some  from  ptire 
metallic  thallium  of  commerce,  some  from  earlier  ptu-e  amalgams,  and 
some  from  older  residues  purified  by  precipitating  as  iodide,  converting 
into  the  nitrate,  and  precipitating  imptuities  with  hydrogen  sulfide.  A 
slight  residue  left  after  the  solution  of  metallic  thallitun  in  strong  stilftuic 
acid  was  filtered  off  and  discarded,  and  the  excess  of  add  was  driven  off 
by  heating.  The  ftised  cake  of  thallitun  stilfate  from  all  sources  dissolved 
completdy  in  water.  The  salt  was  once  crystallized,  and  its  solution 
then  allowed  to  stand  in  porcdain  for  a  week  or  more  with  occasional 
stirring,  in  contact  with  ptue  dectroljrtic  metallic  thallitun.  After  fil- 
tration of  this  solution,  the  salt  was  3  times  crystallized,  being  drained 
each  time  with  a  small  efficient  centrifuge. 
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Pure  thallium  was  prepared  by  eiectrol3rsi8  of  a  aolution  of  this  sulfate 
and  pure  ammonitun  oxalate,  using  platinum  electrodes.  Thallium  per- 
oxide persistently  formed  on  the  anode»  although  conditions  were  varied 
over  a  yride  range.  An  e]ectrol3rte  made  by  mixing  equal  parts  of  satura- 
ted solutions  of  each  salt,  yrith  a  moderate  current  density,  was  the  most 
satisfactory.  A  piece  of  chemically  dean  cotton  doth  tied  around  the 
anode  of  platimun  foil  kept  the  peroxide  from  gaining  access  to  the  cathode. 
From  time  to  time  the  thallium  collecting  on  the  cathode  was  removed, 
washed,  and  preserved  in  pure  water  in  contact  with  another  platinum 
cathode  (3  volts),  and  thus  preserved  from  oxidation.  The  dectrolysis 
was  continued  until  a  portion  of  the  solution  showed  only  a  slight  tur- 
bidity with  potassium  iodide.  The  thallium  was  then  thoroughly  washed, 
although  it  was  found  impossible  to  remove  the  last  trace  of  salt,  as  shown 
with  dther  baritun  acetate  or  potassitun  iodide.  After  being  pressed 
into  small  porcelain  boats,  the  metal  was  fused  in  a  current  of  hydrogen 
in  a  porcelain  tube,  and  kept  in  dry  glass  bottles.  Of  course  it  oxidized 
slightly  on  the  surface,  but  before  wdghing  it  was  carefully  scraped 
dean  and  bright.  Because  of  its  manner  of  preparation  it  may  have 
contained  a  trace  of  sulfide,  but  this  was  probably  removed  and  accounted 
for  during  amalgamation. 

Crude  mercury,  after  long  contact  with  cone,  sulfuric  add,  wss  dropped 
in  a  fine  stream  several  times  through  a  solution  of  mercurous  nitrate 
and  dil.  nitric  add,  and  then  distilled  in  a  current  of  air  under  reduced 
pressure,  as  recommended  by  Hulett.^  Mercury  thus  prepared  can  hardly 
contain  any  impurity  except  dissolved  oxygen.  In  order  to  eliminate 
this  possibility,  the  metal  was  redistilled  in  a  current  of  purified  hydrogen, 
and  sealed  under  hydrogen  in  a  glass  bulb,  provided  with  a  stopcock. 
Subsequently  the  mercury  was  kept  and  used  wholly  out  of  contact  with 
air.  Oxygen,  which  is  fatal  to  accurate  measurement  of  this  kind,  must 
have  been  exduded. 

Ammonitun  oxalate  used  for  the  dectrolysis  of  thallium  was  made  from 
oxalic  add  and  ammonium  hydroxide.  A  strong  solution  of  oxalic  add 
(58%)  was  brought  to  boiling,  filtered  and  strcmgly  addified  with  redis- 
tilled hydrochloric  add.  After  cooling  and  recrystallizing  3  times,  the 
chloride  was  found  to  have  been  removed.  The  oxalic  add  was  neutral- 
ized mth  concentrated,  freshly  distilled  ammonia,  and  the  resulting  am- 
monium oxalate  was  3  times  recrystallized.  More  ammonia  was  added 
as  needed  to  replace  that  driven  oflf  by  heating. 

Distilled  water  was  redistilled  from  alkaline  permanganate  sdution  and 
again  from  a  few  drops  of  sulfuric  add,  using  block  tin  condensers. 

All  the  hydrogen  used  was  generated  from  pure  zinc  and  hydrochloric 
*  Z.  physik,  Chem.,  33,  611  (1900);  Phys.  Rev.,  21,  388  (1905). 
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add,^  and  was  purified  and  dried  by  passing  over  a  strong  solution  of  caus- 
tic potash  on  glass  pearls,  and  through  two  towers  containing  fused  potas- 
sium hydroxide.  Rubber  tubes  were  avoided,  and  in  this  apparatus 
sealed  glass  connections  everywhere  effectually  excluded  air  from  the 
hydrogen. 

The  Preparation  of  the  Amalgams. 

The  method  of  making  amalgams  used  by  Richards  and  Wilson*  was 
first  employed.  Thallitun  was  electroljrtically  deposited  in  pure  mer- 
cury, the  concentration  being  calculated  from  the  weight  of  silver  de- 
posited in  a  coulometer  in  the  same  chrcuit. 

By  a  method  of  analysis  to  be  described  presently  it  was  foimd  that 
although  dilute  amalgams  may  be  made  fairly  accurately  in  this  fashion, 
concentrated  amalgams  always  contained  less  thalliiun  than  the  quantity 
corresponding  to  the  current  and  time.  This  is  doubtless  due  to  the  dif- 
fusion of  dissolved  oxygen  or  thallic  sxdfate  from  the  anode  to  the  neigh- 
borhood of  the  cathode  after  the  current  has  been  running  a  few  minutes. 
No  matter  how  carefully  the  electroljrte  is  at  first  freed  from  oxidizing 
material,  it  must  very  soon  be  impregnated  mih  it.  Accordingly  the 
electrolytic  method  was  later  abandoned,  and  the  amalgams  were  made 
separately,  by  mixing  actually  weighed  amounts  of  mercury  and  thallitun. 
The  amalgamation  of  each  piece  of  the  metal  was  effected  ¥dth  the  help 
of  a  few  cc.  of  dilute  standard  add,  which  dissolved  the  superfidal  trace 
of  oxide  on  the  thallitun.'  The  amalgamation  was  conducted  in  a  dosed 
test  tube,  into  which  projected  a  very  finely  pointed,  small  pipet  arranged 
essentially  in  the  fashion  adopted  in  the  dectrolytic  method.  The  mixing 
was  completed  by  bubbling  hydrogen  through  the  amalgam.  Precau- 
tions against  the  pcesence  of  air  are  not  very  important  at  this  stage, 
since  allowance  would  be  made  for  oxidation  by  means  of  the  add  titra- 
tion which  immediatdy  followed.  The  remaining  add  was  immediately 
titrated  yrith  standard  alkali  (using  methyl  orange),  and  the  wdght  of 
thallium  present  in  the  aqueous  solution  was  calculated  and  subtracted 
from  the  wdght  of  thallium  taken.  The  end-point  was  accttratdy  de- 
termined and  the  correction  (which  never  amotmted  to  more  than  a 
few  milligrams)  for  the  dissolved  thallitun  must  have  been  acctuate  to 
within  o.  I  or  0.2  mg.  The  only  imcertainty  lay  in  a  doubt  as  to  the 
exact  composition  of  the  trace  of  oxidized  film  on  the  siuiace  of  the  metal 
at  the  time  of  wdghing,  but  when  large  quantities  are  taken  this  uncer- 
tainty is  negligible,  espedally  since  thallium  has  so  large  an  eqtiivalent. 

When  the  amalgamation  and  mixing  were  complete  (and  before  the 

^  The  generator  used  is  described  in  Carnegie  Inst.  Publications,  56,  19  (1906). 
•  Carnegie  Inst.  Publications,  iiS,  9,  10,  11  (1909). 

»  Richards  and  Forbes,  Carnegie  Inst.  Publications,  56,  18  (1906).     The  trace  of 
sulfide,  if  present,  was  probably  also  dissolved. 
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titration  of  the  supernatant  add),  the  homogeneous  liquid  amalgam  was 
almost  all  drawn  into  the  small  pipet  which  had  previously  delivered  the 
gas.  When  the  amalgam  has  been  almost  wholly  withdrawn  from  the 
test  tube,  the  suction  was  stopped,  hydrogen  was  admitted  above,  and 
the  pipet  was  removed  for  immediate  discharge  into  the  electroljrtic  cell 
in  which  it  was  to  be  measiu-ed. 

The  advantages  of  this  procedure  over  the  former  method  of  Richards 
and  Wilson  are  several.  Large  bulbs  and  stopcocks  need  not  be  put  on 
the  balance,  and  weighings  may  be  made  accurately  to  tenths  of  a  milli- 
gram. Each  amalgam  was  made  up  separately  and  a  possible  error  in 
one  concentration  would  not  be  repeated  in  the  others.  Hence  the  abso- 
lute average  values  are  safer.  The  mixing  by  bubbling  hydrogen  gas 
was  more  efficient  than  could  be  caused  by  the  gentle  rocking  of  the  cell. 
The  manipulation  was  simpler  and  more  rapid;  and  with  pure  materials 
ready,  the  amalgams  could  be  made,  the  cell  filled,  and  measurem^its 
taken  at  different  temperatures,  all  in  one  day — a  distinct  advantage 
when  the  amalgams  may  change  in  composition  on  standing  a  long  time 
under  the  electroljrte,  as  in  this  case.  On  the  other  hand,  the  new  method 
lacks  the  consistency  as  regards  relative  measurements  which  is  attained 
by  making  all  of  the  amalgams  from  a  single  ''parent"  amalgam.  This 
last  circumstance  was  that  which  determined  the  pro- 
cedure in  the  work  of  Richards  and  Wilson. 

In  order  to  test  the  concentration  of  these  and  other 

thallium  amalgams,  a  convenient  method  of  volumetric 

analysis  was   devised  which  proved  to  be  accurate, 

simple,  and  rapid,  and  may  find  application  in  other 

work.    The  sample  of  amalgam,  which  should  contain 

about  0.2  g.  of  thallium,  is  accurately  weighed,  placed 

in  a  loo  cc.  Erlenmeyer  flask,  and  covered  with  50  cc 

of  standardized  0.02  N  sulfiuric  add.    A  short  piece  of 

wide,  glass  tubing  is  fitted  snugly  over  the  globule  of 

amalgam  to  hold  it  in  place,  and  a  long  capillary  tube  is 

inserted  under  the   metal   so  that  pure  air  may  be 

bubbled  through  it  and  cause  rapid  oxidation.    Two 

small  holes  blown  near  the  bottom  of  the  larger  tube 

aid  in  the  circulation  of   the   add    (Fig.    i).     The 

Fig.   I. — Apparatus  thallium  is  oxidized  and  the  oxide  at  once  dissolves 

for  preparing  thai-  in  the  sulfiuic  add,  which  is  too  dilute  to  attack  the 

limn  amalgams  for  mercury  as  long  as  any  thaUium  remains.    The  end- 

volumetric  anal-       .         r    -t  •<• 

ygj3^  pomt  of  the  oxidation  may  be  estimated  readily  from 

the  behavior  of  the  mercury,  since,  when  the  thftllintn 
has  been  removed,  the  agitation  due  to  the  air  causes  the  forma- 
tion of  a  great  niunber  of  small  globules  which  will  not  unite  again, 
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probably  because  of  a  very  thin,  unweighable  film  of  mercurous  sulfate. 
Subsequent  bubbling  fails  to  diminish  the  concentration  of  the  super- 
natant add.  When  the  small  globules  thus  no  longer  unite  to  form 
larger  ones,  the  flask  is  removed  and  the  excess  of  add  titrated  with 
exactly  standardized  alkali.  To  make  stu-e  that  all  the  thallitun  has  been 
oxidized,  cme  cc.  of  add  is  added  and  air  bubbled  through  for  an  hour 
more.  If  the  alkali  then  required  is  not  equivalent  to  the  added  add, 
the  removal  of  thallitun  has  not  at  first  been  complete,  and  the  process 
must  be  repeated  until  there  is  no  loss.  Another  trial  is  rardy  necessary. 
The  time  required  varies  with  the  rate  of  bubbling  and  the  adjustment 
of  the  tube  from  perhaps  2  to  10  hours,  but  the  procedure  requires  no  at- 
tention. Methyl  orange  or  methyl  red  may  be  used  as  an  indicator. 
The  best  results  are  of  course  obtained  if  the  end-point  is  judged  by  com- 
parison mih  indicator  in  thallitun  sulfate  solution  or  in  a  properly  pre- 
pared buffer  solution.  The  accuracy  of  the  method  may  be  gathered 
bom  the  results  shown  in  Table  I.  The  first  3  results  were  obtained  in 
1912  and  the  rest  in  1913,  using  a  new  standard  solution. 

Table  I. 

Comparison  of  Methods  of  Determining  Composition. 

By  titration.       By  direct  weighing.       Error. 
Amalgam.  %.  %.  %. 

A 21.70  21.722  O.IO 

B 13.07 

13.09  13.128  0.37* 

C 4.936  4.930  0.12 

D 10.02 

10.01  10.019  0.04 

E 42.93  42.858  0.13 

The  Thermostats.— Two  thermostats  were  used,  one  at  30**.  The 
other,  containing  two  regulators,  could  be  set  either  at  20**  or  at  40**. 
They  were  electrically  heated,  constant  within  o.oi*',  and  thoroughly 
stirred. 

The  Cell. — ^The  amalgams  were  contained  during  the  electrical 
measurements  in  the  4-cupped  glass  vessel  used  previously  in  this  labora- 
tory* and  shown  in  the  diagram  (Fig.  2).  It  has  an  advantage  over  the 
later  modification  of  Hulett's,^  in  that  larger  amounts  of  amalgam  may  be 
used  without  danger  of  accidental  mixing,  and  therefore  slight  losses  due 
to  possible  oxidation  are  robbed  of  much  of  their  injurious  effect. 

In  a  cell  composed  of  dilute   and   concentrated  amalgam,  both  lose 

*  With  the  exception  of  the  doubtful  case  B,  the  volumetric  results  were  accurate 
within  0.1  or  0.2  mg.  of  thallium  with  the  weights  taken.  This  degree  of  accuracy  is 
not  of  the  same  order  as  the  high  accuracy  of  the  potential  meastu^ments,  but  it  affords 
nevertheless  a  useful  check  on  the  results. 

*  Richards  and  Forbes,  Carnegie  Inst.  Publications,  56,  22  (1906). 
»  Hulett  and  De  Lury,  This  Journai*,  30,  181 4  (1908). 
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A 


thallium  by  oxidation,  but  the  dilute  amalgam  loses  a  larger  percentage 
of  its  contents  than  the  concentrated  cme,  in  a  given  time,  since  the  oxida- 
tion is  more  rapid 
than  the  diffusion  of 
dissolved  oxygen. 
Hence  the  electromo- 
tive force  of  the  cell 
rises.  On  this  ac- 
count not  only  was  air 
scrupulously  excluded, 
but  all  the  measure- 
ments were  made  as 
quickly  as  possible. 
Although  in  early 
measmements  trouble 
was  experienced  from 
oxidation,  in  the  later 
ones  it  was  adequately 
excluded,  as  is  shown 
by  the  following  two 


-*     V  •     V  /    *-  ^    > 


2. — Cell  with  amalgams. 


series  of  measurements,  the  first  made  immediately  after  the  preparation 
of  the  amalgams,  and  the  second  after  9  days: 

Tablb  II. 
Constancy  of  Measurements. 
20»  1-2  2-3.  5-4. 

I April  15  0.011572  0.008681  0.008174 

II April  24  0.011574  0.008681  0.008175 

Concentrations,  %: 

I  -  20.970,  2  =  27.362,  3  =*  34029,  4  -  42.858. 

The  precautions  needful  to  attain  such  a  result  are  so  important  that 
they  follow  in  detaS. 

The  multiple  cell  was  fused  to  the  hydrogen  generator,  and  after  hav- 
ing been  evacuated  and  filled  ydth  hydrogen  several  times  it  was  almost 
filled  with  the  electrolyte — a  solution  (about  2%)  of  the  purest  thallium 
sulfate  in  freshly  distUled  water.  The  solution  had  been  boiled,  cooled 
in  pure  hydrogen,  subjected  to  a  continuously  bubbling  stream  of  this 
gas  (in  order  to  remove  dissolved  air),  then  drawn  into  a  hydrogen-filled 
finely  pointed  pipet,  provided  with  a  stopcock,  and  finally  sealed  off  in 
hydrogen.  From  this  pipet  the  filling  of  the  cell  was  conducted  through 
one  of  the  projecting  tubes  of  the  latter  in  the  presence  of  a  coimter  cur- 
rent of  hydrogen,  the  other  tubes  being  closed.  As  a  further  precaution, 
the  cell  was  subsequently  evacuated  and  the  solution  was  allowed  to 
boil  under  reduced  pressure,  all  of  the  4  projecting  tubes  being  closed  by 
short  lengths  of  cleaned  pressiu-e  tubing  and  glass  rods. 
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When  all  was  ready,  the  several  amalgams  were  introduced  into  their 
respective  cups  as  rapidly  as  possible.  The  capillary  jet  of  a  pq)et  was 
inserted  into  one  of  the  rubber  tubes  of  the  glass  cell  until  the  point  ex- 
tended below  the  surface  of  the  electrolyte,  in  such  a  position  as  to  be  free 
from  the  danger  of  introducing  any  amalgam  into  the  wrong  cup.  On 
the  withdrawal  of  the  pipet,  the  platinum  wire  (protected  by  glass)  for 
making  electrical  connection  was  immediately  substituted,  the  hydrogen 
stream  continuing.  Thus  in  rapid  succession  the  4  cups  were  filled, 
and  the  cell  was  ready  for  electrical  measurement.  The  copper  wires 
making  connection  with  the  potentiometer  joined  the  platimun  in  mer- 
cury contacts  beneath  the  level  of  the  thermostat;  hence  thermoelectric 
effects  were  excluded. 

The  Potentiometer. — The  potentiometer  was  that  used  in  the  earlier 
investigation  by  Wilson  and  Garrod-Thomas,  already  mentioned,  but 
for  the  final  readings  it  was  adjusted  anew  and  several  improvements 
were  made  tending  toward  the  elimination  of  parasitic  electromotive 
forces.  This  instrument  and  all  the  rest  of  the  measiuing  apparatus 
was  shielded  by  a  grounded  equipotential  shield^  of  copper,  the  various 
parts  of  the  potentiometer  being  motmted  on  separate  glass  plates  held 
firmly  in  place  on  the  shield  with  paraffin.  The  heavily  insulated  copper 
wires  forming  the  connections  were  enclosed  in  glass  tubes.  The  binding 
posts  as  well  as  connectors  were  of  soUd  copper,  and  contacts  between 
tmlike  metals  were  reduced  to  a  minimum.  The  potentiometer  was  cov- 
ered by  a  large  glass  case  in  which  a  small  fan  (rotated  by  a  distant  elec- 
tric motor)  kept  all  parts  at  uniform  temperature.  The  rocker  switches 
and  bridge  rider  were  operated  by  cotton  strings  from  a  considerable 
distance. 

The  thermostat  was  foimd  sometimes  to  be  the  seat  of  parasitic  effects. 
When  it  was  insulated,  these  effects  were  greatiy  magnified.  Accordingly 
the  water  in  the  thermostat,  and  the  relay,  were  groimded,  whereupon 
this  trouble  disappeared.  Too  much  emphasis  cannot  be  put  upon  this 
precaution  with  regard  to  electrically  heated  thermostats. 

The  arrangement  thus  motmted  permitted  reading  to  one  one-millionth 
of  a  volt.  Sundry  experiments  were  made  in  order  to  determine  if  its 
accuracy  corresponded  with  this  high  degree  of  sensitivity.  The  agree- 
ment found  by  measuring  separately  several  cells  and  comparing  the  sum 
of  the  separately  measiued  electromotive  forces  with  the  actually  mea- 
sured total  value  of  all  in  series  was  as  good  as  could  be  expected.  Such 
comparison  is  easily  made  in  the  4-cupped  cell  employed.  For  example 
(in  Series  III  at  30.00°),  the  cell  I-L  equalled  0.028945,  whereas  this 
value  calculated  as  the  algebraic  sum  of  other  combinations  yielded, 
respectively,  7,  8  and  9  instead  of  5  as  the  last  figure,  the  other  figures 
1  W.  P.  White,  Phys.  Rev.,  25,  341  (1907);  This  Journai,,  36,  201 1  (1914). 
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being  the  same.    Thus  the  greatest  deviation  was  o.oocxx)4  volt,  and 
the  average  oould  hardly  be  in  error  0.000002  volt. 

Table  III. 

Final  Results  (1913). 

(Series  III.) 

£.  in  Millivolts. 


A. 

B. 

C. 

D. 
E. 

F.. 

G. 


H. 
I.. 


J.. 
K. 

L.. 
F.. 


M. 
N., 
P.. 

Q. 

R. 

S.. 


Conoentratioii, 
0.3315 

1.704 

3.788 

4.935 
4.930 

10.019 

17.049 

21.025 
20.970 

27.362 

34.029 

42.858 
10.019 

20.780 

34.029 

(49.418) 

SoUd 
10.30 

20.78 


20®. 
45.550 
26.395 

9.763 

29.480 

24.342 

9.581 

".572 
8.681 
8.174 

33.769 

20.341 

8.518 

32.360 
28.892 


30*.       40®. 

46.937  48.326 

27.050  27.704 

9.968  10.168 

29.971  30.467 

24.660  24.981 

9.703     9.833 

II .741  II. 915 
8.844  9.001 
8.360     8.547 

34.208  34.656 

20.678  21 .Oil 

9.761  11.034 

32.791 
30.477 
2.7^      2.8* 


(49.48) 

Partly  solid  ^  2.5* 

Tl ,.         PureT\ 

U (49.4x8)    ^ 

Partly  solid  I 

.       /  >  — o.ooi  0.000 

Amalgam 

V Amalgamated  Tl     ' 

*  These  figures  are  only  approximate.     The  potential  of  pure  thallium  is  being 

investigated  further. 
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Search  was  made  for  other  possible  disturbing  conditions,  however 
remote,  which  might  be  a  som-ce  of  error,  but  none  was  found.  The  room 
was  usually  very  dry,  and  the  introduction  of  a  desiccating  agent  in  the 
potentiometer  case  made  no  appreciable  difference.  The  app^u^tus  was 
never  used  in  very  humid  weather,  when,  of  course,  electrical  measure- 
ments are  always  diflScult. 

The   Measurement  of  Amalgam  Cells. — With  amalgams  and  po- 
tentiometer  prepared    as    described    above,    and    with    gradually    in- 
creasing trustworthiness  as   the  work  proceeded,   measurements   were 
made  during  many  months.    As  a  rule,  the  readings  were  very  definite 
and  constant,  although  in  a  few  cases  shaking  of  the  cell  caused  slight 
fluctuations  in  the   electromotive  force,   dispelled  by  a  few  seconds' 
repose.     Electrolytic  metallic  thallium,  employed  in  one  cell,  in  the 
form  of  a  fine  crystalline  sponge,  also  gave  a  fairly  constant  potential.^ 
Amalgamated  thaUitun   and  soUd   amalgams   at  20^,  or  above,  gave 
electromotive  forces  fully  as  constant  as  those  of  the  liquid  amalgams. 
The  solid  amalgams   of  less   than   33V«%   ^^  ^^»  however,  were  not 
reproducible    to   mil- 
Honths  of  a  volt.    The 
formation    of    mixed 
crystals  may  have  in- 
troduced  uncertainty 
here. 

The  preliminary 
measurments  need  not 
be  recorded  here.  One 
of  them  has  already 
been  published.*  It 
is  enough  to  say  that 
they  were  essentially 
identical  with  the  re- 
sults on  p.  1740. 

The  accompanying 
graph  (Fig.  3)  pictures 
the  final  series  of  de- 
terminations at  20  ^ 
30**     and     40^     the 

weakest    amalgam    of  ^^«-  3.-Electromotive  forces  of  amalgam  cells  at  2o^  30^ 
^-.  .       ,  ^v  andAO^     Uppermost  curve  40 ^ 

this  series  (0.3315%) 

*  Richards  and  Lewis,  Proc.  Am.  Acad.,  34,  87  (1898).  Lewis  and  Brighton  point 
out  that  this  is  particularly  the  case  with  soft  metals  such  as  lead.  Thallium  is  even 
softer  than  lead.    Tms  Journai*,  39,  1906  (1917)- 

'  Kichards  and  Daniels,  Loc.  cU. 
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being  taken  as  the  starting  point  with  zero  potential.  They  all  (even 
the  preliminary  determinations)  fall  on  a  perfectly  smooth  curve;  the 
error  of  plotting  on  codrdinate  paper  as  large  as  44  X  53  cm.  is  much 
greater  than  the  experimental  error.  The  work  of  Richards  and  Wilson, 
below  2%,  also  falls  exactly  on  the  curve. 

When  the  saturation  point  of  the  liquid  amalgam  has  been  reached, 
esicess  of  thallium  is  without  effect  on  the  potential;  the  curve  breaks  into 
a  horizontal  straight  line  at  a  point  giving  the  concentration  at  which 
solid  and  liqtiid  are  in  equilibritun.  A  43.3%  thallitun  amalgam,  then, 
has  a  freezing  point  of  20.00^  Similarly,  the  freezing  points  at  30° 
and  40**  correspond  to  44.5  and  45.8%,  respectively.  The  horizontal 
line  in  the  diagram  indicates,  of  course,  the  coexistence  of  two  phases  in 
equilibritun. 

Electrolytic  thallitim  gave  a  potential  somewhat  more  negative  (2.49 
millivolts  at  20^)  than  amalgamated  thallitun.  In  an  entirely  independ- 
ent more  recent  investigation  (as  yet  tmpublished)  of  GrinneD  Jones  and 
W.  C.  Schumb  on  the  single  potential  of  the  thallitun  electrode,  almost 
identical  results  were  found.  On  the  other  hand,  hems  and  von  Ende^ 
asstuned  from  the  results  of  Ktunakow  and  Puschin  and  of  Sucheni  (stating 
that  their  own  experiments  corroborated  these  restilts)  that  no  difference 
in  potential  between  thallium  and  the  saturated  amalgam  exists.  This 
apparent  discrepancy  will  receive  detailed  discussion  in  a  later  commtmica- 
tion. 

The  potentials  of  the  liquid  amalgams  as  given  above  are  far  greater 
than  those  demanded  by  any  method  of  expressing  the  simple  concentra- 
tion law.  For  example,  the  observed  potential  between  amalgams  F  and 
G  above  at  30°  is  24.66,  whereas  the  formtila  (RT/F)  In  C1/C2  demands 
13.88  and  the  formula  {RT/F)  ln{i+  Ni)/(i  +  Ni)  demands  13.91  .^  This 
great  discrepancy  is  even  more  highly  interesting  and  important  than  the 
other.  It  will  receive  detailed  consideration  in  the  theoretical  paper  to 
which  reference  has  already  been  made. 
The  Temperature  Coefficient  of  the  Cells  and  the  Eqtiation  of  Helmholtz. 

The  data  in  the  table  just  given  afford  exact  means  of  calculating  the 
temperatture  coeflSdents  of  the  several  cells,  and  therefore  of  applying 
the  equation  of  Helmholtz  to  them  and  calctilating  their  heat  effects. 

The  column  before  the  last  gives  a  quantity  (the  temperatm^  coeffi- 
cient of  the  potential  of  the  cell  divided  by  £©,  potential  at  o**)  which 
should  equal  the  coefficient  of  expansion  of  a  perfect  gas,  if  the  potential 
were  due  entirely  to  the  concentration  effect.  The  values  of  £©  as  far 
as  the  17%  amalgam  could  have  been  actually  measiured,  but  the  amal- 
^  G.  N.  Lewis  and  von  Ende,  This  Journal,  32,  732  (1910). 

'  See  Richards  and  Daniels,  Loc.  cit.;  Richards  and  Wilson,  Ibid.,  page  63;  ai|4 
Hildebrand  and  Eastman,  Ihid.^  p.  2456. 
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gams  containing  over  17%  of  thallium  partly  aystallized  at  o®.    In  all 

cases  the  valves  of  Eo  were  found  by  extrapolation  from  those  at  20** 

and  40^.    The  minimum  in  this  column  at  about  19%  is  very  marked 

and  is  undoubtedly  significaiit.     Evidently  the  temperature  coefficient 

is  much  less  than  that  demanded  by  the  gas  law. 

Tablb  IV. 

Temperature  Coefficients  and  the  Helmholtz  Equation. 
AJB/Ar. 


Cone. 

(20-30«»). 

(30-40»). 

(Average). 

i^^^ 

U  aoulet). 

0.3315 

0.0001387 

0.0001388 

0.0001388 

0.00325 

470 

I  .704 

0.0000656 

0.0000654 

0.0000655 

0.00261 

696 

3.788 

0.0000205 

0.0000201 

0.0000203 

0.00215 

370 

4.935 

4  930 

0 .0000491 

0.0000496 

0.0000493 

0.00173 

1449 

10.019 

0.0000318 

0.0000321 

0.0000319 

0.00135 

1445 

17.049 

0.0000122 

0.0000130 

0.0000126 

0.00135 

568 

21.025 

20.970 

0.0000169 

0.0000174 

0.0000172 

0.00149 

631 

27.362 

0.0000163 

0.0000157 

0.0000160 

O.OOI91 

386 

34.029 

42.858 

0.0000x86 

0.0000187 

0.0000187 

0.00238 

261 

0.3315-42.86  0.0003697        0.0003708        0.0003703 

34.029 

0.0001243        0.0001273        0.0001258 

49.418 

(soUd) 

Solid  Amalg.    \  (0.00-20.00°) 

Piu^  Tl  J  0.0000179       0.0000142        0.0000160 


6276 


The  values  in  the  last  column  are  calculated  from  the  familiar  equation 
of  Helmholtz,  as  applied  to  a  gram-atom  of  a  tmivalent  metal : 

U  =  EF  —  FT^ 

They  will  be  compared  later  with  the  actual  values  found  thermochem- 
icaUy. 

The  agreement  between  the  values  at  20-30°  and  30-40°  is  not  per- 
fect, since  they  represent  small  differences  between  large  quantities; 
the  temperature  coefficient  over  the  higher  temperature  range  averages 
0.28%  higher  than  that  over  the  lower  range,  and  individual  differences 
are  in  some  cases  much  greater     Nevertheless,  probably  most  of  the 
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average  values  given  in  the  fourth  column  (and  therefore  those  in  the 
fifth)  are  within  i%  of  the  truth. 

The  Densities  of  Thallium  Amalgams. 
Since,  as  one  of  us,  with  the  help  of  J.  H.  Wilson,  had  already  shown, 
thallhim  expands  appreciably  on  amalgamation,   the  densities  of  the 
amalgams  were  needed  in  the  theoretical  consideration.    These  were  de- 
termined as  follows: 

An  Ostwald-Sprengel  pycnometer,  holding  1.0911  cc.,  was  used  in  de- 
termining the  densities.  Determinations  were  made  at  both  20*^  and  30°, 
thus  giving  the  coefficient  of  expansion^  and  ftunishing  an  approximate 
mutual  check  on  the  results. 

Table  V. 
Densities  of  Thallium  Amalgams. 
V. 


Thallium. 

%. 

0.000 

0.331 

1.704* 

3.788 

4  930 

7.496* 

10.019 

17.040 

21 .025 

21 .16* 

27 .362 

33.70* 

34.029 

39.702 

42.858 

44.30 


II. 

Obs. 

density 

20*. 


III. 

Obs. 

density 

30«. 


13-5463     13.5218 


13-439 
13.383 

13.190 
13.108 

12 .980 
12.854 
12 .846 

12.676 


13-415 


13.167 
13  .087 


12.828 


X2.656 


IV. 

Values 

from  smooth 

curve  30  ^ 

13.522 

13.514 

13 .484 

13.440 

13.415 

13.306 
13.167 
13 .087 
13.105 


12.828 
12.715 
12.656 
12  .629 


Average 
densities. 

13.522 

13.516 

13.493 

13  .459 

13 .439 

13.354 
13.237 
13.X7O 


X2.953 


VI. 

Diff. 
V.-IV. 

0.000 

0.002 

0.009 

0.019 

0.024 

0.048 
0.070 
0.083 


VII. 

CoefF. 
of  cxp. 

0.00OI8I 


0.000179 


0.000175 
0.000I6I 


0.125    0.000140 


12.805   0.149   0.000157 


Wilson's  determinations  at  20*^  gave,  for  amalgams  containing,  respec- 
tively, 0.793,  1. 410  and  1.854%  of  thallium,  densities  13527,  13.515 
and  13.504,  respectively — ^values  which  fall  precisely  upon  our  curve. 

These  densities  are  plotted  in  the  accompanying  graph  (Fig.  4).  The 
curves  are  almost  rectilinear;  their  sUght  lack  of  parallelism  is  due  to  the 
change  of  the  coefficient  of  expansion  indicated  in  the  last  coltunn.  The 
dotted  line  in  Fig.  4  records  the  values  which  the  densities  would  have 
possessed  if  there  had  been  no  expansion  on  amalgamation,  taking  11 .85 
as  the  density  of  pure  thalliiun.  Evidently  the  expansion  on  amalgama- 
tion is  1 .05%  of  the  total  volume  in  the  case  of  the  40%  amalgam,  and 
others  in  proportion. 

^  Our  early  determinations  (19 12).     All  the  others  given  in  the  table  were  made 
more  accurately  in  1913- 
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The  "solution 
volume"  ^  of  a  gram- 
atom  of  thallium, 
i.  e.,  the  excess  in 
volume  of  an  amal- 
gam containing  204 
g.  of  the  solid  metal 
over  and  above  the 
volume  of  its  mer- 
cury, is  nearly  inde- 
pendent of  the  con- 
centration, var)ring 
only  from  17.47,  ^ 
the  case  of  amal- 
gams containing  be- 
tween 20  and  25% 
of  thallium,  to 
17.51,  in  the  case  of 
very  concentrated 
or  very  dilute  amal- 
gams. The  follow- 
ing table  exhibits  the  values  at  successive  concentrations,  the  densities 
being  taken  from  the  smooth  curve: 

Table  VI. 

Solution  Volume  of  Thallium  in  Mercury. 

(Sp.  Vol.  of  Mercury  at  30®  =  0.073955  =  7o.) 


Fig. 


4. — Densities  of  thallitun  amalgams  at  20^  and  30". 
Upper  curve  20®.     Dotted  line  hypothetical. 


cent. 

100  V 

100-6 

Sol.  vol. 

MoLeoL 

b. 

Density. 

Sp.  TOl.  iV). 

b  ' 

b    ^•• 

1  g.  Tl. 

Vol. 

5 

13.414 

0.074549 

1.49098 

I. 405 15 

0.08583 

17.51 

10 

13.310 

O.07513X 

0.75I3I 

0.66560 

0.08571 

17.48 

15 

13.208 

0.075712 

0.50475 

0.41908 

0 .08567 

17.48 

20 

13.107 

0.076295 

0.38148 

0.29582 

0.08566 

17.47 

25 

13.007 

0.076882 

0.30753 

0.22187 

0.08566 

17.47 

30 

12.908 

0.077471 

0.25824 

0.17256 

0.08568 

17.48 

35 

12.809 

0.078070 

0.22306 

0.13735 

0.08571 

17.48 

40 

12.710 

0.078678 

0.19669 

O.I 1093 

0.08576 

17.49 

The  values  show  a  slight  minimum  at  22 .  5*^,  but  otherwise,  as  already 
stated,  are  siUT)risingly  constant.  Whether  or  not  this  minimum  truly 
exists,  or  is  only  an  outcome  of  slight  experimental  defect,  could  hardly 
be  stated  positively  without  fiulher  very  exact  experimentation  with 
a  larger  pycnometer,  for  which  time  was  lacking. 

The  coeflBdents  of  expansion  are  less  constant;  they  show  a  distinct  de- 
crease with  increasing  concentration. 

*  Sec  Bousfield  and  Lowry,  Trans.  Faraday  Soc,  6,  85  (1910). 
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For  further  understanding  of  the  situation,  all  the  other  thermal  ef- 
fects involved  should  also  be  carefully  evaluated  by  experiment,  includ- 
ing in  addition  to  the  temperature  coefficient  of  the  electromotive  force 
(already  detailed),  the  heat  capacities  and  the  heat  of  dilution  of  the 
several  amalgams,  and  the  heat  of  solution  of  thallitmi  in  mercury  as 
well  as  in  amalgams  of  increasing  strength.  These  topics  are  consid- 
ered in  order  below. 

The  Determination  of  Heat  Capacities. 
The  procedure  consisted  in  introducing  a  known  quantity  of  heat  into 
a  weighed  amount  of  amalgam  and  observing  the  rise  in  temperature. 
Electricity  was  passed  through  a  heating  coil  of  insulated  manganin  wire 

encircling  the  thermom- 
eter bulb  in  the  amal- 
gam, which  was  con- 
I  tained  in  a  small  adia- 
batic  calorimeter,  and 
the  quantity  of  energy 
was  determined  by 
measuring  the  fall  of 
potential  across  the  coil 
and  the  quantity  of 
electricity  passing.  The 
rise  of  temperature  was 
measured  on  a  sensitive 
thermometer.  The  cal- 
orimeter of  the  appara- 
tus finally  adopted  and 
used  with  satisfaction 
for  the  determination  of 
the  heat  capacities  is 
shown  diagrammatic- 
ally  in  Fig.  5. 

Thirty  cc.  of  material 
from  a  special  pipet  was 

Fig.  5— Calorimeter.     E,  E',  binding  posts.    J,  K,  coils  always  taken  for  a  de- 

of  brass  pipe.     M,  stirrer  fitting  in  bearing.  N.     T,  T',  termination.     The  sub- 

Beckmann  thermometers.     U,   tube  for  removal    of  stance  to  be  measured 

amalgam  and  introduction  of  mercury.     V,  glass  tube  ^^  j^^j^  ^  ^^   Cvlin- 

for  entrance  of  carbon   dioxide  gas.     Y,  cylindrical   j  .     ,  ,r      *  •  * 

1.  jj,i         .  rw  dncal  can  Y.  which  was 

brass  can,  surrounded  by  larger  brass  can,  Z.  vixxv-a.*  %.»**  x ,  tta^%^  »»«*» 

constructed  of  brass,  35 
mm.  in  diameter  and  51  mm.  high.  This  fitted  into  a  larger  brass 
can,  Z,  and  it  was  held  in  place  by  bits  of  cork,  so  that  thwe 
was  an  air  space  of  2  or  3  mm.  everywhere  between  th^  two  cans, 
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A  cover  of  brass  with  a  wide  flange  was  clamped  securely  to  a 
similar  wide  flange  on  the  can  by  means  of  4  screws  (binding  posts 
from  dry  batteries).  Bach  flange  had  cemented  to  it  with  shellac 
a  washer  of  pure,  soft  rubber.  The  surface  of  each  washer  was  smeared 
with  paraffin  rubber,  and  when  the  cover  was  screwed  down  firmly,  this 
arrangement  gave  an  oil-tight  closure.  The  outer  can,  thus  equipped, 
was  securely  fastened  in  a  glass  battery  jar  which  was  filled  by  a  thin 
paraffin  lubricating  oil.  The  accurate  Beckmann  thermometer  T  was 
fitted  in  a  short,  copper  tube  soldered  to  the  center  of  the  cover,  and  was 
held  fiamly  in  position  by  shellac  and  a  ring  of  heavy  rubber  tubing.  This 
gave  a  secure  setting,  but  allowed  a  certain  amount  of  flexibility.  The 
thermometer  registered  6®  and  was  divided  into  0.01°,  so  that  o.ooi** 
could  be  estimated.  The  manganin  coil,  completely  encased  in  glass, 
encircled  (without  actually  touching)  the  thermometer  bulb;  and  its 
leads,  also  encased  in  glass,  came  through  two  holes  in  the  cover  to  the 
binding  posts  B  and  B^  It  was  securely  fastened  to  the  cover  by  means 
of  de  Khotinsky  cement,  which  proved  to  be  admirably  suited  to  the 
purpose,  after  other  cements  had  been  found  wanting.  The  small  tube 
N,  soldered  to  the  cover,  extended  up  above  the  oil  level  and  allowed  the 
manipubtion  of  a  stirrer,  M.  This  stirrer  consisted  of  a  flat,  copper  ring, 
slightly  smaller  in  diameter  than  the  inner  can,  fastened  to  a  glass  tube 
which  served  as  a  handle.  The  other  tube,  U,  projecting  above  the  sur- 
face of  the  dl,  was  for  the  removal  of  amalgam  and  the  introduction  of 
mercury.  During  the  heat  capacity  measiu-ements  it  was  closed  by  a 
stopper. 

Since  brass  and  copper  are  readily  attacked  by  mercury,  the  interior 
of  the  inner  can  and  stirrer  were  covered  with  a  thin  coating  of  asphalt 
varnish  and  thoroughly  dried.  The  mercury  did  not  work  through  this 
and  was  not  soiled  by  it.  Neither  shellac,  paint,  nor  collodion  met  these 
requirements. 

The  amalgam  was  protected  from  oxidation  by  a  persistent  atmosphere 
of  pure,  dry  carbon  dioxide.  The  stream  of  gas  which  had  passed  through 
a  sjMral  brass  coil  immersed  in  the  oil  bath  was  delivered  above  the  sur- 
face of  the  amalgam  by  means  of  a  small  glass  tube,  V,  containing  a  fine 
aperture  at  the  end.  There  was  no  danger  of  loss  or  gain  of  heat  by  the 
amalgam  on  account  of  this  gas,  since  the  oil  bath  was  kept  at  the  tem- 
perature of  the  amalgam.  A  fine  capillary  insiwed  a  uniform  rate  of  flow 
(about  30  bubbles  through  the  wash-bottles  in  a  minute)  diuing  the  en- 
tire day.  At  night  a  bit  of  paraffin  was  melted  aroimd  the  only  free 
opening,  where  the  stirrer  fitted  into  the  tube  N,  so  that  the  calorimeter 
was  gas-tight  and  the  carbon  dioxide  current  was  thereby  stopped.  The 
continuous  outflow  of  gas  arotmd  the  stirrer  effectually  prevented  any 
fiqcess  of  exterior  air,  which  might  have  otherwise  been  pumped  into  the 
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inner  vessel  by  the  stirrer,  with  accompanying  contamination  of  the  amal- 
gam and  gain  or  loss  of  heat. 

A  second  Beckmann  thermometer,  T^  exactly  like  the  first*  was  placed 
in  the  oil  bath  near  the  calorimeter.  The  two  thermometers  were  care- 
fully set,  so  that  at  20®  they  were  within  o.oi  **. 

The  oil  was  heated  during  an  experiment  by  means  of  an  electric  cur- 
rent passing  through  ribbon  composed  of  a  suitable  aUoy.  About  3.6 
meters  of  this  were  wound  in  a  spiral  around  a  glass  framework  just  inside 
the  glass  battery  jar.  This  is  not  shown  in  the  figure.  It  was  connected 
with  the  alternating  Ughting  circuit  of  1 10  volts  through  a  knife  switch,  a 
suitable  permanent  resistance  and  a  rheostat  in  which  each  stop  cor- 
responded to  a  rise  of  temperature  in  the  oil  of  about  o.oi®  per  minute. 
Thus  it  was  easy  to  arrange  the  rheostat  so  as  to  obtain  a  rise  which  kept 
pace  with  that  of  the  calorimeter.  The  oil  was  kept  thoroughly  mixed 
by  a  rapidly  agitated  stirrer.  After  a  determination  was  finished,  the  oil 
was  cooled  again,  so  as  to  be  ready  for  the  next  experiment,  by  passing 
cold  water  through  the  coil  of  brass  pipe,  J.  One  hour  was  usually  re- 
quired before  the  thermometer  in  the  amalgam  fell  from  25.0^  back  to 

20^ 

The  current  for  heating  the  coil  in  the  amalgam  was  furnished  by  the 
lead  storage  cell.  It  was  connected  with  the  leads  of  the  inner  heating 
coil  through  a  delicate  relay,  a  sliding  resistance,  and  a  knife  switdi. 
The  relay  (which  was  of  very  low  ohmic  resistance  to  minimize  heating  and 
consequent  changing  of  the  current  in  the  circuit)  controlled  a  stronger, 
entirely  separate  current  actuating  a  device  for  releasing  a  stop  watch, 
which  was  stopped  by  a  spring  the  moment  that  the  currents  ceased  to 
flow.  Thus  the  duration  of  the  current  was  automatically  timed  to  within 
a  fifth  of  a  second.  There  was  also  an  amperemeter,  which  served  to 
give  an  approximate  idea  of  the  current.  The  sliding  resistance  consisted 
of  a  heavy  manganin  wire  mounted  on  a  glass  bridge.  A  slider  with  a 
platinum  point  moved  back  and  forth  on  it,  so  that  the  resistance  in  the 
circuit  could  be  changed  at  will,  thus  regulating  the  fall  of  potential 
across  the  heating  coil.  It  was  found  necessary  to  polish  the  manganin 
wire  with  chamois  skin  every  day  to  insure  a  good  contact. 

The  fall  of  potential  across  the  terminals  of  the  heating  coil  EE'  was 
measiwed  by  an  Ostwald-Poggendorflf  potentiometer,  which  was  fed  by 
a  cell  of  cadmitun  amalgam,  dil.  cadmium  sulfate  solution,  mercurous 
sulfate  and  mercury.  It  was  balanced  against  a  standard  radmiiim 
cell  by  slipping  one  of  its  connecting  wires  of  fine  manganin  wire  back 
and  forth  in  the  binding  post  until  there  was  no  deflection  of  the  gal- 
vanometer. This  simple  method  of  adjusting  the  potentiometer  is  very 
convenient  and  suflSdently  accurate.  The  shunt  of  the  potentiometer 
box  was  connected  through  the  galvanomet^  md  a  knife  switch  with 
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the  terminals  of  the  coil  ££^  The  reading  on  the  potentiometer  box 
(0.7612  volt,  kept  the  same  in  any  given  series,  so  that  calibration  was 
not  necessary)  was  of  a  magnitude  suitable  for  bringing  all  the  factors 
to  about  the  same  order  of  accuracy.  The  mirror-galvanometer  was 
read  by  means  of  a  suitably  arranged  spot  of  light,  which  could  be  seen 
readily  from  the  experimenter's  position.  Manipulation  of  the  sliding 
contact  of  the  heating  circuit  kept  the  galvanometer  reading  very  near 
zero  throughout  the  determination,  and  hence  maintained  a  constant 
electromotive  force  at  the  terminals  of  the  heating  coil. 

The  complete  insulation  of  the  quantitative  heating  coil  ££'  of  man- 
ganin  wire  was  attained  by  enclosing  it  in  a  very  thin  glass  tube.  Upon 
this  the  success  of  the  method  was  dependent.  Several  glass  tubes  were 
drawn  out  to  capillaries  until  one  was  obtained  which  just  slipped  over 
the  wire  and  fitted  it  snugly.  The  two  were  then  carefully  heated  to  a 
faint  red  heat  and  bent  into  a  coil.  The  glass  melted  around  the  wire 
at  the  same  time.  This  coil  was  soldered  to  leads  of  large  copper  wire, 
encased  in  glass  tubes,  and  larger  glass  tubes  were  melted  in  place  around 
the  two  connections. 

Since  the  arrangement  was  precisely  the  same  in  each  experiment,  and 
the  method  was  a  strictly  comparative  one,  the  exact  resistances  of  the 
manganin  wire  and  copper  leads  need  not  be  accurately  known.  Neither 
need  the  small  fraction  of  the  heat  developed  in  the  leads  which  was  com- 
municated to  the  calorimeter  be  determined.  Nevertheless,  the  resis- 
tance of  the  manganin  wire  was  measured,  and  found  to  be  1.224  ohms 
(constant  over  wide  range  of  temperature),  and  that  of  the  leads  0,004 
ohm.  Making  due  allowance  for  the  resistances  in  the  lead  wires  (0.004 
ohm),  the  effective  potential  was  found  to  be  t  =  0.7587  volt.  Hence 
the  constant  t V^»  ^o  be  multiplied  by  the  time  in  seconds  in  order  to  ob- 
tain the  energy  in  joules,  was  0.47035.  The  result  divided  by  the  rise 
of  temperature  (always  nearly  5 .000**)  gave  the  heat  capacity  of  the  sys- 
tem, from  which  the  heat  capacity  of  the  calorimeter  was  subtracted. 
This  was  determined  by  means  of  sixteen  independent  experiments  made 
upon  pure  mercury,  which  gave  as  the  value  of  the  heat  capacity  the 
value  72.40  mayers,  with  an  average  deviation  of  0.04.  With  such  a 
large  number  of  results  a  dose  approximation  to  the  true  value  must  have 
been  obtained. 

Assuming  (with  Bartolli  and  Stracdati)  the  specific  heat  of  mercury 
to  be  0.03344  between  20^  and  25 ^  the  heat  capadty  of  the  calorimeter, 
thermometer,  and  fittings  must  have  been  72 .40  —  408. 16  X  0.03344  X 
4.178*  «  15-37  mayers.  This  value  was  used  throughout  the  following 
work. 

Having  thus  found  the  constant  of  the  apparatus  and  attained  f adlity 
^  The  heat  capadty  of  a  gram  of  water  at  22.5  "  in  mayers. 
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in  its  use,  we  proceeded  to  carry  out  precisely  similar  experiments  upon 
thallium  amalgams.  Two  series  were  made,  in  each  case  starting  with 
a  concentrated  analyzed  amalgam,  and  going  step  by  step  to  more  and 
more  dilute  ones.  At  each  step  some  of  the  amalgam  was  carefully 
withdrawn  and  weighed,  and  about  an  equal  weight  of  mercury  (also  care- 
fully weighed)  was  added  by  means  of  a  peculiar  pipet  to  be  described 
later.  Thus  the  concentration  of  the  amalgam  at  each  step  could  be 
easily  calculated.  As  a  check  upon  the  chain  of  operations,  from  time 
to  time  the  portions  withdrawn  were  analyzed,^  and,  moreover,  at  the 
conclusion  of  each  series  the  actual  weight  of  the  most  dilute  amalgam 
was  determined.  These  checks  were  entirely  satisfactory,  and  afforded 
satisfactory  evidence  that  no  accidental  gross  error  in  weighii^  had  been 
made  at  any  stage. 

The  results  with  thallium  amalgam  follow,  the  average  for  the  mer- 
cury being  placed  at  the  head  of  the  table. 

Tablb  VII. 

Heat  Capacities  of  Amalgams. 

Temp.        ToUl       Heat  capap 
Designation  Thallium.     Weight.  Time.  rise.        heat  cap.        dty  of  Average 

of  amalgam.  %.  G.  Seconds.        ^  C.        Mayers.      1  g.  amaL  (mayen). 

408.13  72.40  0.1397 

A 4092      382.85  802.4  5.000  75-48  0.15701  1 

40.92        382.85  800.8  4.999  75.48  O.15701   \        O.1571 

40.92       382.85  802.2  4-995  75-54  0.15716] 


B 37-21       382.21         793.2       4.980       74.91       0.15578I        01557 


37.21       382.21         792.6       4982       7483       0.15557 


C 32.69  387.87  800.4  4980  75.6  0.15528  1 

32.69  387.87  802.2  4.990  75.61  0.15531  J        ^'553 

D 27.69  400.295  815.6  4.990  76.87  0.15364  1        o  isu 

27.69  400.295  816.8  5.008  76.71  0.15324/ 

E 20.70  407.79  819.8  5.013  76.92  0.15094!      Q 

20.70  40779  817.6  4-992  77.03  0.15120/ 

F 15-40  420.14  831.0  4.996  78.23  0.14962  1        ^ 

15.40  420.14  830.2  4-993  78.21  0.14957/ 

G 11.42  436.78  841..4  4.980  79.47  0.14676  1        01468 

11.42  436.78  841.8  4.980  79-51  0.14685/ 

H 11.42  400.54  788.0  4.992  74.25  0.14700 


'} 


o  1470 
11.42       400.54         787.6       4.988       74-27       0.14705  J 

1 8.48       402.32         786.0       5.000       73-94       0.14558I        01455 

8 .48       402 .32         785 .4       5 .002       73 .85       o . 14536  /  ' 

^  Analyses  of  amalgams  gave  the  following  results:  A  =  40.97,  40.88,  40.91, 
average  40.92%.  0  =  11.42,  11.43,  average  11.425%  (calculated  11.42).  I<=«3.50, 3.49, 
average  3495%  (calculated  3.54).  M  =  3491,  34-95,  34-84.  34-92,  average  34-90%- 
U  =  5-54,  5-53,  average  5-535%  (calculated  5.54).  After  each  series  the  residual 
very  dilute  amalgams  in  the  calorimeter  were  weighed,  the  weights  being  405.7  and 
401.9,  respectively — ^reasonably  near  to  the  values  calculated  through  the  long  chain  of 
additions  and  subtractions. 
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Tablb  VII  (concluded). 


Designation  Thallium, 

of  amalgam.  % 

J 6.30 

6.30 

K 4.69 

4.69 

I' 3.54 

M 34.90 

N 29.49 

P 24.88 

Q 18.36 

R 13.58 

S 10.07 

T 7.47 

U 5.54^ 

V 3.07 

W 1 .49 


Weight. 
G. 

403.95 


405.18 
406.32 

386.17 

388.86 

391 .40 

394 .40 

396.54 
396.54 
398.32 

398.93 

399  80 
400.71 
402 .31 


Time. 
Seconds. 

784.2 

783.6 

780.0 

780.4 

780.0 

780.0 

778.2 

779.8 
780.4 
800.0 


801  .0 
795.4 
799-2 
798.2 
790.0 
790.2 
787.0 
787.0 
780.0 
781.8 
778.2 
780.0 
775.6 
776.8 
778.4 
773.2 
775.0 

765.8 
770.0 
764.6 
764.8 


Temp, 
rise. 
•C. 

5.008 

5.013 

5.005 

5.003 

5.020 
5.003 
5.020 

5.020 
5.010 

4.999 
5.010 
4.998 
5.019 
4.990 
5.008 
5.010 
4.990 
4.990 
5  002 
5.002 

4.995 
5.005 
5.029 
5.017 
5.012 
5.005 
5.008 
5.005 
5.015 
4.988 
5.018 
4.996 
4-995 


Total 
heat  cap. 
Majrers. 

73.65 
73.52 
73.30 
73.37 
73.08 
73.33 
73.21 
73.06 
77.27 

75.27 
75.09 
75.29 
75.06 
74.97 
75.06 
74.94 
74.47 
74.48 

73.93 
74.00 

73-45 
73.47 
72.78 
73.13 
72.79 
73.00 

73  II 
72.66 
72.69 
72  .21 
72.17 
71.98 
72.02 


Heat  capa- 
city of 
1  g.  amal. 

Average 
(mayers). 

0.14428 
0.14395 

O.1441 

0.14299 
O.14316 

O.1431 

0 . 14203 

0.14264 

0.1423 

0.14234  J 

0.14200 
0.14250 
O.I551I 
0.15465 

O.I55I6  ^ 

0.15350 1 
0.15327  / 
0.15250 1 
0.15220  J 

0.14985  1 
0.14987/ 

o . 14768  1 

0.14785  J 
0.14582  1 
0.14587  J 

O.I439I 
0.14479 
0.14393 

0.14446 

0.14474 
0.14330 1 
0.14337  J 

O.I4I85  1 

O.I4I75  J 

O.I407X  1 
0.14082  / 


0.1423 


0.1550 


0.1534 


0.1523 


0.1499 


0.1478 


0.1458 


0.1444 


0.1433 


O.I4I8 


0.1408 


These  values  are  plotted  in  the  accompanying  graph  (Fig.  6),  which 
shows  that  only  2  of  the  21  points  are  far  distant  from  a  smooth  cm^e. 

Schmitz*  fomid  the  specific  heat  of  solid  metallic  thalliimi  (20-100**) 
to  be  0.0324;  hence  the  heat  capacity  of  one  g.  is  o.  1354  mayer — a  value, 
as  one  would  expect,  not  very  different  from  that  of  lead.  If  no  change 
of  specific  heat  took  place  on  amalgamation,  a  40.9%  amalgam  should 
have  the  heat  capacity  of  0.1381  instead  of  the  actual  value  0.1571. 
The  gain  of  14%  is  unusually  large,  even  taking  account  of  the  liquefac- 

^  The  portion  of  this  taken  out  in  preparation  for  the  next  amalgam  was  analyzed. 
•  Proc.  Ray.  Soc.  London,  73,  177  (1903). 
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tion  of  the  thallitim  (for  liquids  usually,  if  not  always,  have  a  larger 
specific  heat  than  the  corresponding  soUds),  and  is  especially  interesting 
in  view  of  the  concomitant  marked  increase  in  volume.  This  adds  an- 
other to  the  many  cases 
in  which  these  two 
changes  go  hand  in 
hand — a  category  in- 
cluding the  increase  in 
volume  and  specific  heat 
:  accompanjdng  not  only 
Uquefaction  in  general, 
but  also  neutralization 
and  other  kindred  phe- 
nomena involving  the 
Fig.  6. — ^Heat  capacities  of  thallium  amalgams.  Specific  combination  of  ions. 
heat  capacities  (in  joules//**  =  mayers)  are  plotted  as  The  most  striking excep- 
ordinates,  and  percentage  composition  of  amalgams  as  ^^^^  ^  ^^  ^^  jg  ^^  Y)t' 

abscissas.  «_      .        ^  •  tj* 

havior  of  ice  on  melting. 

It  is  not  without  interest  to  refer  the  changes  of  heat  capacity  thus 
measured  to  a  given  constant  quantity  of  thallium.  This  is  most  con- 
veniently represented  by  determining  a  quantity  which  may  be  called 
the  "solution  heat  capacity"  of  thaUium,  analogous  to  the  "solution  vol- 
ume." The  "solution  heat  capacity*'  is  obtained  by  referring  to  the 
thaUium  all  the  change  in  heat  capacity  which  occurs  on  amalgamation 
(although,  of  course,  it  is  by  no  means  certain  that  some  of  the  change  is 
not  due  to  an  effect  upon  mercury  associated  vHith  thallium).  This  quan- 
tity gives  another  due  to  the  constitution  of  the  solution,  and  is  therefore 
of  value. 

The  "solution  heat  capacity"  may  very  simply  be  calculated  by  sub- 
tracting the  heat  capacity  of  the  mercury  (loo  —  b)Ko/b  of  an  amalgam 
having  6  %  of  thallium,  from  the  heat  capacity  looK/b  of  the  amalgam. 
Ko  and  K  represent,  of  course,  the  heat  capacities  of  a  gram  of  mercury 

Table  VIII. 

"Solution  Heat  Capacity"  of  Thallium. 

(Heat  Capacity  of  i  g.  of  Mercury  =  0.1397  mayer;  of  i  g.  Thallium  «  0.1354-) 


Composition  of 
amalg.     %. 

Heat  cap.  per 
g.  of  amalg. 

\00K 

b     ' 

100-6^ 

"Solution  heat  cap."  per 
1  g.  thaUium  (mayer). 

5 

O.1431 

2.862 

2.654 

0.208 

ID 

O.1461 

I  .461 

1.257 

0.204 

15 

0 . i486 

0.990 

0.792 

0.198 

20 

0.1506 

0.753 

0.559 

0.194 

25 

0.1523 

0.609 

0.419 

0.190 

30 

0.1539 

0.513 

0.326 

0.187 

35 

0.1552 

0.443 

0.259 

0.184 

40 

0.1565 

0.391 

0.210 

O.181 
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and  of  the  amalgam,  respectively.    In  this  way  the  preceding  table  of 
solution  heat  capacities  is  easily  calculated. 

Evidently  a  gram  of  thallium  produces  less  effect  on  the  heat  capacity  in 
concentrated  amalgams  than  in  dilute  ones,  and  we  may  safely  infer  that 
the  circumstance  or  reaction  which  causes  the  greatly  increased  heat 
capacity  occurs  to  a  less  extent  in  the  concentrated  amalgams  than  in 
the  dilute  ones.  Presumably  this  effect  is  (at  least  in  part)  hydrargjrration. 
In  any  case  the  increase  is  very  striking,  being  from  34  to  53%  of  the  orig- 
inal heat  capacity  of  the  solid  thallium  (o.  1354). 

The  change  in  the  "solution  heat  capacity"  is  interesting  in  contrast 
to  the  approximate  constancy  of  the  solution  volume,  already  tabulated 
(see  p.  1745).  Although  these  phenomena  parallel  one  another  as  regards 
sign  and  order  of  magnitude,  they  cannot  be  due  entirely  to  the  same 
tendencies. 

The  Heat  of  Dilution  of  Thallium  Amalgams. 

In  the  preceding  extended  series  of  experiments  on  the  heat  capacity 
of  the  amalgams,  the  heat  of  dilution  with  pure  mercury,  in  the  calorim- 
eter, was  carefully  observed  at  the  times  of  prepara- 
tion of  the  successive  amalgams. 

Mercury  is  so  good  a  conductor  of  heat,  and  the 
total  heat  capacity  in  the  calorimeter  was  so  small, 
that  it  was  necessary  to  make  sure  that  the  added 
mercury  possessed  really  the  same  temperature  as  the 
calorimeter  at  the  moment  of  introduction.  In  order 
to  accomplish  this  result,  the  mercury  was  introduced 
from  a  water-jacketed  pipet  with  a  very  fine  point. 
The  whole  length  of  the  deUvery  tube  as  well  as  the 
body  of  the  pipet  was  surrounded  by  a  ciurent  of  water 
kept  at  exactly  20**,  the  starting  point  of  the  experi- 
ment (Fig.  7).  A  weighed  amount  of  mercury  having 
been  introduced  into  the  pipet  (the  weight  having  been 
found  by  the  loss  of  weight  of  a  weighing  bottle  con- 
taining mercury,  from  which  it  had  been  drawn  by 
suction),  and  time  having  been  allowed  for  it  to  attain 
the  proper  temperature,  the  mercury  was  allowed  to 
run  into  the  calorimeter,  diluting  the  amalgam  there. 
At  all  times  during  the  transfers,  as  well  as  during  the 
thermal  measurement,  the  amalgam  was  protected  from 
oxidation  by  carbon  dioxide  gas  in  the  manner  already 
described,  and  the  last  drop  of  mercury  was  ejected 
from  the  pipet  by  pressure  of  the  same  gas. 

Since  mercury  is  more  dense  than  the  amalgams,  the 
pure  liquid  diffused  thoroughly  through  the  liquid  mass 


-J 


>="- 


^ 


Fig.  7. — Water-jack- 
eted pipet  for  de- 
livering mercury 
isothermally. 
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almost  immediately,  and  little  stirring  was  needed,  except  in  the  case  of  the 
most  dilute  amalgams,  where  the  densities  of  the  two  metallic  liquids  were 
nearly  identical  and  somewhat  more  energetic  stirring  was  needful. 
The  following  table  records  the  results: 

Table  IX. 
Heats  of  Dilution  at  20®. 


wt.  of 

amalgam 

WI.    G. 

Wt.of 
mercury 
101.    G 

%  composi- 
tion oris, 
amalg. 

ing  amalg. 

Rise  of 
temp. 

Ht.  cap. 
of  system. 

Heat 

evolved. 

Joules. 

Heat  ev.  per 
g.  at.  Tl. 

First  Series. 

347.56 

34.65 

40.92 

37.21 

2.240® 

74.87 

168 

241 

340.78 

47.09 

37.21 

32.69 

2.780 

75.60 

209 

337 

339.05 

61  .25 

32.69 

27.69 

3.070 

76.79 

236 

433 

304.91 

102.88 

27.69 

20.70 

4.023 

76.97 

309 

747 

312.60 

107.54 

20.70 

15.40 

2.712 

78.22 

211 

666 

323.73 

113.05 

15.40 

11.42 

1.798 

79.49 

143 

585 

298.75 

103.58 

11.42 

8.48 

1. 010 

73.90 

74.6 

446 

300.35 

103.60 

8.48 

6.30 

0.630 

73.59 

46.4 

372 

301.42 

103.72 

6.30 

4.69 

0.347 

73.33 

25.5 

273 

302.52 

103.81 

469 

3.55 

0.175 

73.19 

12.8 

181 

Second  Series. 

322.83 

64.03 

34.90 

29.49 

3.250 

75.02 

243 

435 

330.54 

60.86 

29.49 

24.88 

2.810 

75.00 

211 

441 

291.17 

103.22 

24.88 

18.36 

3.483 

74.47 

259 

731 

293.15 

103.39 

18.36 

13.58 

2.250 

73.97 

166 

631 

295 .37 

102.94 

13.58 

10.07 

1.375 

73.46 

101 

514 

295.99 

102.94 

10.07 

7.47 

0.810 

72.96 

59 

405 

296.43 

103.37 

7.47 

5.54 

0.480 

72.67 

34.9 

321 

297 .55 

102.88 

5.54 

4.12 

0.273 

(72.43) 

19.8 

245 

297 .88 

102.83 

4.12 

3.07 

0.130 

72.19 

9.4 

156 

296.26 

106.04 

3.07 

1.49 

0.130 

72.00 

9.4 

319 

At  the  dose  of  the  seventh  experiment  of  the  second  series  the  final  re- 
sult was  tested  twice  by  heating  the  system  through  0.480®  quantita- 
tively, by  means  of  the  spiral  electrically  heated  coil.  The  values  ob- 
tained (34.7  and  34.6)  agreed  as  well  as  could  be  expected  with  the  re- 
sult computed  from  the  heat  capacity — 34.9.  Similar  tests  were  made 
after  the  eighth  and  tenth  trials,  aflFording  suflSdent  confirmation  of  these 
results  also,  within  the  limit  of  error  of  experimentation.  Therefore  it  is 
safe  to  condude  that  the  values  given  represent  dosdy  the  heats  of  dilu- 
ticm  of  the  several  amalgams. 

Since  the  dectromotive  force  and  its  temperature  coeffident  were  both 
measured  more  carefully  at  30**  than  at  20**,  it  is  therefore  convenient  for 
comparison  to  recalculate  the  heats  of  dilution  to  the  higher  temperature — 
an  easy  task,  since  the  heat  capadty  change  during  the  reaction  is 
known.  According  to  the  equation  of  Kirchhoflf,  Ai7  =  — AKAT  (or, 
in  this  case.  At/  =  — 10.  AK),  AK  being  the  change  in  heat  capadty 
involved  in  any  given  dilution  where  the  total  amount  of  thallitun  present 
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was  204 g.  (a  gram-atom).   Table  VII  contains  the  necessary  data  concern- 
ing the  heat  capacities,  and  the  results  of  the  calculation  are  contained  in 
Table  X  following.    The  change  in  any  ^ 
one  experiment  was  simply  divided  by 
the  atom-fraction  (n)  present  in  order  to 
give  the  value  for  the  gram-atom,    k  and 
w  mean  heat  capacity  per  gram,  and 
weight,  respectively;  subscripts  i,  2  and  3,  ^ 
sigodfy  the  stronger  and  the  weaker  amal- 
gams, and  mercury,   respectively.    The  : 
values  of  ki  and  kt  were  read  from  the 
smooth  curve  of  Fig.  6  given  on  page  , 
1752,  since  the  smooth  ciu^e  really  rep- 
resents an  average  value  corrected  for 
accidental  experimental  error.   The  values 
for  AU  were  then  plotted  and  were  found 
to  lie  approximately  on  the  curve  given 

y^   ^^'               .                ,           ,         ^         ,  Fig.  8.— Change  of  dilution  heat  with 

For  later  reference  the  values  for  the  ,^0  temperature  change.     AT  (in 

heat  of  dilution  of  amalgam  with  mercury  this  case  the  differences  in  kilo- 

at  325**  were  desirable.    Unfortunately,  joules  between  the  heats  of  dilution 

no   data  exist  as  to  the  heat  capacity  ^^  ^o^  and  30^)  are  plotted  as  or- 

•                       xt-   X  1                          r  J.  dinates:  and  percentages  of  thai- 

Change  over  that  large  range  Of  tempera-  ^.^   ^^   J^^^^    ^    ^^^^ 

ture,   and  it  is  hardly  safe  to  conclude  Thus,  for  example,  the  curve  shows 

that  the  change  will  be  the  same  as  at  that  the  dilution  of  a  40%  to  20% 

room  temperattures.     Nevertheless,  in  de-  amalgam    (each   containing   204 

fault  of  other  data,  the  values  for  325^  grams  of  thallium)  evolves  26.5  kj. 

t                       1^  1  A  J          J               •           •  less  heat  at  30®  than  at  20®. 
also  were  calculated,  and  are  given  m 

the    last   column.    They  make   no   pretensions   to  exactness,   whereas 
the  values  at  30®  may  be  considered  as  being  almost  as  exact  as  those 


AU.  C^20®.  C^30*».  ^325*' 

3.5  241  237  136 

4.7  337  332  196 

60.974    61.326    0.352     6.5  433  426  238 

61.084    61.495    0.411    10. o  747  737  450 


at  20°. 

Table  X. 
First  Series. 

Comp.  amalg. 

Jb«i  +  Ai»i. 

kgwt. 

Ak. 

40.92 
37.21 

59  303 

59.548 

0.245 

37.21  \ 
32.69 

59.671 

59.965 

0.294 

32 .69  I 

27.69  J 

27.69) 

20.70  / 

^^■^^  [  62.163    62  475    0.312    10. o    666     656 

15  .40  J 


372 
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Tabi^B  X  {corOinued). 


Comp.  amalg. 

Mwi  "f"  hiwtm 

***^ 

A*. 

Atr. 

l/2o^ 

t^30^ 

1^325 

15.40    , 
11.42, 

63.932 

64.119 

0.177 

7.0 

584 

577 

368 

11.42' 
8.48 

58.326 

58.418 

0.092 

5.5 

446 

440 

281 

8.48 
6.30 

58.084 

58.138 

0.044 

4.0 

372 

368 

252 

6.30 
4.69/ 

57-864 

57 .894 

0.030 

3.0 

273 

270 

198 

4.69  \ 
3.55/ 

57.732 

57.780 

0.048 

7? 

181 

174? 

(?) 

Second  Series 

34.90 
29.46 

59.048 

59.456 

0.408 

7.5 

435 

429 

255 

29.46 

24.88/ 

59.306 

59.610 

0.304 

6.4 

441 

435 

201 

24.88 
18.36 

58.765 

59.119 

0.354 

10. 0 

731 

721 

431 

18.36 
13.58/ 

58.387 

58 .648 

0.261 

10. 0 

631 

621 

334 

13.58  \ 
10.07 

58.066 

58.193 

0.127 

6.5 

514 

508 

319 

IP  .07 

7.47/ 

57  .625 

57.685 

0.080 

4.0 

4?5 

401 

282 

7  .47  \ 
5.54, 

57.305 

57.331 

0.026 

2.5 

321 

319 

249 

5.54 
4.12 

57.041 

57.061 

0.020 

2.5 

244 

242 

169 

4.12 
3.06/ 

56.813 

56.821 

0.008 

2.0 

156 

154 

102 

3.06I 
1.49/ 

56.824 

56.641 

0.183 

6. 

319 

313 

(?) 

These  results  at  30**  are  plotted  in  the  curve  of  Fig.  9.  In  plotting  the 
two  series  together,  the  fifth  experiment  of  the  second  series  was  made 
to  lie  exactly  on  the  ciu^e  for  the  first  set,  for  it  is  in  this  region  that  the 
results  have  the  greatest  accuracy  and  consistency.  The  origin  was  ob- 
tained by  extrapolation.  The  graph  gives  at  once  the  heat  evolved  by 
diluting  an  amount  of  amalgam  containing  one  gram-atom  from  any 
given  percentage  to  any  other  percentage,  at  30.0®. 
The  Heat  of  Solution  of  Thallium  in  Mercury  and  in  Thallium  Amalgams. 

A  phenomenon  closely  related  to  that  just  treated,  and  of  value  in  the 
verification  of  its  significance,  is  the  heat  of  solution  of  metallic  thallium 
in  liquid  thallium  amalgams.  The  explanation  of  the  connection  be- 
tween the  two  diverse  phenomena  will  be  deferred  tmtil  the  second  has 
been  considered  in  detail. 
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Thallitim  dissolves  easily  and  promptly  in  mercury,  the  first  portion 
evolving  considerable  heat,  and  the  later  portion  absorbing  much  more. 
The  problem  was  to  determine  the  magnitude  of  these  thermal  quanti- 
ties. 

The  magnitude  of  the  cooling  eflfect  may  be  determined  simply  by  pre- 
venting the  amalgam  from  being  lowered  in  temperature,  with  the  help 
of  the  quantitative  heating  coil  described  in  the  heat  capacity  experi- 
ments, noting  the  potential  and  quantity  of  the  current.    Through  this 
isothermal  method,  a  knowledge  of  the  heat  capacity  is  unnecessary.    The 
amalgam  is  always  at 
the  temperature  of  the 
surroundings,  and  all 
cooling  corrections  are 
eliminated.     The  ex- 
periment may   there- 
fore   extend    over    a 
considerable  period  of 
time,  and  equiUbrium 
may  be  attained  vnith- 
out  rapid  stirring.  The 

method  appears  to  be  Pig.  9--'Heat  of  dilution  of  thallium  amalgams  at  30^.  Or- 
an  extremely  satisfac-  dinates  indicate  joules  evolved  on  diluting  a  mass  of 
torv  one  but  it  can  amalgam  containing  one  gram-atom  of  thallium.  Ab- 
,  -    \     .  -  scissas  indicate  percentage  composition, 

be  used  only  for  endo- 

thermic  reactions.  The  apparatus  consisted  simply  of  a  Dewar  bottle 
(containing  the  amalgam,  a  heating  coil,  and  a  Beckmann  thermometer) 
attached  to  the  end  of  a  large  glass  tube  and  submerged  deep  in  a  ther- 
mostat. The  voltage  across  the  heating  coil  was  measured  with  a 
potentiometer,  and  a  silver  coulometer  gave  the  quantity  of  electricity 
passing. 

The  procediwe,  as  evolved  in  the  coiu-se  of  a  few  preliminary  experi- 
ments, was  as  follows:  A  suitable  quantity  of  mercury  was  put  into  the 
calorimeter,  and  when  its  temperature  was  the  same  as  that  of  the  thermo- 
stat (30°)  it  received  successive  weighed  amounts  of  thallium.  Occa- 
sional stirring  with  a  small  glass  rod  caused  uniform  mixing.  Previously 
the  oxide  had  been  removed  from  the  thalUtun  by  treatment  with  a  little 
standard  add,  due  correction  being  appUed  to  the  weight  taken.  The 
thallitun  pieces  had  also  been  placed  in  a  small  bottle  immersed  in  the 
thermostat,  so  that  the  whole  system  would  be  at  the  same  temperature. 
Oxidation  was  nearly,  but  not  completely,  eliminated  by  a  layer  of  piui- 
fied  kerosene  in  the  calorimeter. 

The  heating  of  the  coulometer  with  the  passage  of  the  current  caused 
a  rapid  decrease  in  its  resistance,  and  consequently  a  tendency  to  increase 
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the  fall  of  potential  across  the  heating  coil.  Although  this  was  corrected 
as  rapidly  as  possible  by  the  arrangement  provided  for  that  purpose, 
the  compensation  was  not  always  exact,  and  the  results  must  be  r^^arded 
merely  as  preliminary.  The  arrangement  described  under  the  heat 
capacity  determinations,  including  the  stop  watch,  was  far  more  satis- 
factory, and  would  have  served  the  piuT)ose  better.  It  is  intended  not 
only  to  verify  the  present  preliminary  results  by  repeating  the  experi- 
ments with  larger  amounts  of  material,  but  also  to  extend  the  method 
to  many  other  cases,  both  of  amalgams  and  aqueous  sdutions  producing 
endothermic  reactions. 

As  already  said,  the  first  portions  of  thallium  on  dissolving  in  mer- 
cury caused  a  rise  of  temperature.  This  could  not  be  meastu^  accur- 
ately, since  the  heat  capacity  of  the  Dewar  vessel  was  unknown.  The 
procediu^,  therefore,  until  the  concentration  had  attained  8.76%,  was 
not  thermally  quantitative,  but  was  interesting  in  showing  that  a  con- 
siderable amount  of  heat  was  at  first  evolved.  Every  addition  after  the 
percentage  just  named  caused  a  cooling  effect  and  this  could  be 
accurately  measured.  These  results  are  accordingly  included  in  the 
table  given  below.  After  the  amalgam  reached  the  concentration  of 
38%,  the  liquid  became  so  nearly  satiwated  that  the  thallium  dissolved 
very  slowly  and  the  results  were  of  little  value.  Therefore  they  are 
not  included  in  the  table. 

Tablb  XI. 

The  Heat  of  Solution  of  Thallium  in  Mercury. 

(240.546  g.  of  Mercury  in  the  Calorimeter.) 

%  Tl  in       Per  cent,  of        Per  cent.  Heat  in- 

resulting      a  g.  at.  of  Tl    of  a  g.  atom  volved  in 

Expt.  Tl  present.       Tl  added.         amalgam,     added,  IOOn.        present.  process.  A». 

1 0.0000  15.9457  6.22  7.82  7.82  (150)^ 

2 15.9457  7.1497  8.76  3.50  ".32  (50)^ 

3 23.0954  6.2125  10.86  3.05  14.37  —  10 

4 29.3079  13.9567  15.24  6.84  21.21  —  52.8 

5 43.2646  14.6875  19.42  7.20  28.41  — 1 16. 2 

6 57-9521  16.5595  23.65  8.12  36.53  —188.5 

7 74.5116  16.4778  27.45  8.08  44.60  — 219.0 

8* 64.6504  11.6705  30.87  5.72  37.41  —173.7 

9 76.3209  13.4104  34-43  6.57  43.99  —217.6 

10 89.7313  15.4190  38.09  7.56  51.54  —277.3 

In  tabulating  these  results,  it  was  remembered  that  the  concentration 
of  the  thallium  in  the  amalgam  increases  as  the  thallium  dissolves.  Thus 
in  any  single  experiment  the  first  portion  dissolved  corresponds  to  the 
addition  of  thallium  to  an  amalgam  of  the  lower   (original)   concentra- 

*  In  giving  these  approximate  values  an  approximate  value  was  assumed  for  the 
heat  capacity  of  the  Dewar  flask.  Account  was  taken  also  of  the  extrapolation  of  the 
more  certain  part  of  the  curve,  and  of  the  requirement  of  the  Helmholtz  equation. 

*  99.9708  g.  of  the  amalgam  was  removed  at  this  point.     1 70.914  g.  Hg  now  present. 
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tion,  while  the  last  portion  corresponds  to  the  addition  of  thallium  to 
an  amalgam  of  the  higher  (final)  concentration.  The  heat  evolved  there- 
fore corresponds  approximately  to  the  addition  of  thalHtim  to  an  amal- 
gam of  the  average  concentration.  For  example,  the  heat  evolved 
( — 1614  joules)  during  the  increase  of  concentration  from  15 .  24  to  19 .  42% 
must  correspond  closely  to  the  addition  of  a  gram-atom  of  thalliiim  to 
an  amalgam  of  the  average  concentration  17 .33%  (as  given  in  the  middle 
coltmm  of  the  following  table).  This  calculation  asstunes,  of  course, 
that  the  ciu^e  is  practically  a  straight  line  between  the  two  concentra- 
tions— an  assumption  which  would  be  strictly  permissible  only  for  very 
small  additions  of  thalliiun.  Nevertheless,  the  small  error  thus  introduced 
is  clearly  less  than  the  probable  experimental  error.  The  middle  col- 
umn, and  the  method  of  arranging  the  figures,  below,  are  obvious  out- 
comes of  these  considerations.  The  heat  evolved  in  each  case  is  reduced 
to  the  gram-atom  standard  by  dividing  the  heat  evolved  (nU)  on  the 
solution  of  the  thallitun  in  each  case  by  the  fraction  (n)  of  a  gram- 
atom  added. 

Table  XII. 
Heat  of  Solution  a  Gram- Atom  of  Thallium  in  Amalgams. 

%  Tl  in  sue-  Average  %  Tl  nU/n.    Heat  evolved  in  dissolving 

cessive  amalgams.  during  each  addition.      one  gram-atom  of  Tl  in  amalgam. 


8.76 
10.86 
15.24 
19.42 
23.65 
27.45 
30.87 
34.43 
38.09 


9.81  —  32 

13.05  --771 

17.33  — 1614 

21.53  — 2321 

25.55  — <27ii 

29 .  16  — ^3036 

32.65  —3310 

36.26  — ^3670 


The  average  values  from  the  middle  column  are  plotted  in  relation  to 
the  heat  values  from  the  last  column,  in  the  accompanying  graph  (Fig.  10). 
The  points  do  not  lie  on  a  perfectly  smooth  ciurve,  but  in  drawing  the 
curve  the  effort  of  compromise  was  made  to  distribute  the  errors  by 
making  the  divergent  points  about  equidistant  from  a  reasonable  locus. 
The  error  of  the  most  divergent  point  is  about  7%  of  the  value;  none  of 
the  other  errors  exceeds  5%.  Although  the  accuracy  leaves  much  to 
be  desired,  the  present  preliminary  approximate  curve  will  serve  amply 
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to  illustrate  the  principles  involved,  and  is  therefore  much  better  than 

nothing. 
These  values  may  be  looked  upon  as  containing  separate  factors;  first, 

the  heat  absorbed  when  the  solid  melts  or  dissolves  to  form  a  saturated 

solution,  and  secondly,  the  heat  evolved  when  the  saturated  solution 

becomes  diluted  to  the 
resulting  amalgatn. 
When  the  dilution  is 
great,  the  positive  ef- 
fects overbalance  the 
negative  and  the  net  re- 
sult is  the  evolution  of 
heat,  as  seen  at  concen- 
trations below  9.6%. 

Since  thallium  in- 
creases greatly  in  heat 
capacity  on  amalgama- 
tion, it  is  evident  that 
the  thermal  values  given 
in  the  preceding  table 
(XII)    are   subject    to 

Fig.  10. — Heat  of  solution  of  a  gram-atom  of  thallium  considerable  change 
in  thallium  amalgams.  Abscissas  indicate  percentage  ^th  temperature  Be- 
composition  of  anudgams.  ^^^  ^^  ^^^  ^^^^ 

of  the  several  amalgams  are  known,  as  well  as  the  specific  heat  of 
thaUitun,  this  change  is  easily  calculated  by  KirchhofiTs  equation,  in 
a  manner  analogous  to  that  employed  in  the  heats  of  dilution  of  thallium 
amalgam.  For  example,  100  g.  of  a  28%  amalgam,  on  the  addition  of 
4  g.  of  thallium  produces  104  g.  of  a  30 .  77%  amalgam.  The  heat  capacity 
of  the  weaker  amalgam  and  of  the  thallium  separately  aggregates  15.87 
mayers;  that  of  the  concentrated  product,  16.03  mayers.  The  gain  in 
heat  capacity  corresponding  to  4  g.  of  thallium  is  therefore  0.16  mayer. 

This,  divided  by  «,  the  atom  fraction,  gives  8.16,  which  is  AK  = -. 

Ai 

Three  such  results,  all  calculated  from  the  smooth  heat  capacity  curve 
(Fig.  6)  are  given  below.  The  composition  of  the  concentrated  amalgam 
is  represented  by  a;  that  of  the  dilute  amalgam  by  fc;  1^4  signifies  the  heat 
capacity  of  a  gram  of  thallium. 

At  first  sight  this  table  seems  to  be  simply  a  repetition  of  that  record- 
ing the  solution  heat  capacity  of  one  gram  of  thaUium,  with  the  heat 
capacity  of  the  original  thallium  itself  not  included,  and  indeed  it  would 
be  easy  to  show  that  the  two  tables  are  entirely  parallel,  representing,  as 
they  do,  very  similar  phenomena.    But  they  are  not  exactly  alike;  the 


Digitized  by 


GooQle 


CONCENTRATED  THAI<LIUM  AMAIX^AMS.  1 76 1 

earlier  one  records  the  gain  in  heat  capacity  when  thalh'ntn  is  added  to 
mercury,  whereas  the  table  just  given  records  the  gain  in  heat  capacity 
when  thallium  is  added  to  a  thallitmi  amalgam. 

Table  XIII. 


b. 

a. 

Mean. 

Wt.  Tl 
added. 

KiWA. 

KiWi. 

AU 
AT 

40.00 

42.31 

41 .16 

4 

16.19 

16.34 

0.15 

7.6 

28.00 

30.77 

29.39 

4 

15-87 

16.03 

0.16 

8.2 

18.00 

21.15 

19.58 

4 

15.52 

15-70 

0.18 

9.2 

10.00 

13-46 

11.73 

4 

15.15 

15-37 

0.22 

II. 2 

5.00 

8.65 

6.83 

4 

14-85 

15. II 

0.26 

13.3 

The  present  table  shows  even  more  clearly  than  the  other  that  the  in- 
crease in  heat  capacity  on  adding  thallium  decreases  as  the  concentration 
increases.  The  outcome  is  interesting  in  showing  the  large  tempera- 
ture coefficient,  varying  from  7.6  to  13.3  joules  per  degree,  shown  by 
the  amalgamation  of  thallium,  as  well  as  the  very  considerable  difference 
in  heat  capacity  which  must  be  suffered  when  thalliinn  is  transferred 
from  a  more  concentrated  to  a  more  dilute  amalgam,  as  during  the  opera- 
tion of  the  amalgam  cells  under  consideration.  This  last  quantity  is 
shown  by  the  difference  between  the  successive  figures  in  the  last  coliunn 
of  the  preceding  table.  The  exhibition  of  this  difference  represents  the 
main  use  of  the  table,  and  will  be  treated  in  detail  later.  Since  the  main 
comparison  involved  in  the  present  work  is  made  at  30°,  the  other  possi- 
bilities of  the  table  need  not  be  discussed. 

The  Calculation  of  the  Total  Energy  Change  Involyed  in  the  Cell. 

The  total  energy  change  (17  of  the  equation  of  Helmholtz)  invcrfved  in 
the  cell  has  already  been  calculated  from  the  temperature  coefficient  of 
the  electromotive  force.  U  is  also  to  be  foimd  when  the  values  given  in 
the  last  column  of  Table  XII,  and  plotted  in  Fig.  lo,  since  the  difference 
between  any  two  of  these  values  must  give  the  heat  of  transfer  of  a  gram 
atom  of  thallium  from  one  to  the  other  of  the  corresponding  amalgams 

fti  nt 

Besides  these  two  methods,  yet  a  third  method  of  calculating  this  quan- 
tity U  exists,  depending  upon  the  heat  of  dilution  of  thallium  amalgams 
with  pure  mercury.  Formerly  the  assumption  has  often  been  made 
that  the  heat  evolved  in  diluting  an  amount  of  amalgam  containing  a 
gram  equivalent  of  dissolved  metal  is  identical  with  the  heat  of  transfer 
of  the  aforesaid  gram  equivalent  between  the  initial  and  final  amalgams.^ 
This  is  far  from  being  the  case;  indeed,  the  former  is  only  about  half  (rf 
the  latter.    The  presence  of  some  sort  of  inconsistency  here  was  recog- 

*  See  for  example  Cady,  /.  phys.  Chem.,  2,  562  (1898).  Cady's  actual  measiire- 
ments  of  the  heat  of  dilution  of  sodium  amalgams  must  have  given  much  too  high 
values. 
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nized  in  the  earlier  Harvard  papers,  and  therefore  the  heats  of  dilution 
were  rejected,  without,  however,  attempting  to  discover  its  reason.  In 
the  sequel,  the  situation  is  fully  explained. 

When  mercury  is  added  to  a  liquid  thallium  amalgam,  two  processes 
occur  simultaneously;  first,  some  of  the  thallium  is  taken  from  the  mer- 
cury originally  present;  second,  this  thalliiun  is  (at  the  same  instant) 
dissolved  in  the  new  pure  merciuy.  Only  the  first  of  these  processes  is 
parallel  with  anything  that  happens  in  the  cell  tmder  consideration,  since 
the  cell  has  nothing  to  do  with  pure  mercury. 

Clearly,  in  order  to  calculate  the  heat-eflfect  in  the  cell  from  the  heat 
of  dilution,  the  second  of  these  two  simultaneous  processes  must  be  elim- 
inated. This  may  easily  be  done  by  causing  two  different  concen- 
trated amalgams  to  be  diluted  separately  to  the  same  final  condition. 
Then,  by  multiplying  each  of  the  two  heat  values,  thus  found,  by  an 
appropriate  factor  corresponding  to  the  amount  of  thalliiun  transferred 
(so  as  to  transform  each  into  a  value  corresponding  to  the  transfer  of  a 
gram-atom  of  thallium),  two  results  are  obtained  which  involve  the  forma- 
tion of  exactly  the  same  amount  of  dilute  amalgam  made  from  newly 
added  pure  mercury.  By  subtracting  these  two  values,  the  second  of  the 
two  simultaneous  processes  is  thus  entirely  eliminated.  The  difference 
between  them  becomes  simply  equal  to  the  heat  of  transfer  of  a  gram-atom 
of  thallium  between  amalgams  having  compositions  represented  by  the 
average  compositions  over  the  two  respective  ranges  of  dilution. 

Since  the  problem  is  somewhat  tmusual,  it  may  profitably  be  exempli- 
fied by -a  specific  case. 

In  any  given  dilution  let  a  equal  the  per  cent,  of  thallitun  in  the  initial 
concentrated  amalgam,  b  equal  the  per  cent,  of  thallium  in  the  resulting 
dilute  amalgam,   and  x  equal  the  amount  of  mercury  added.    Then 

a              &            J             100  a  T^  _^t.        (100  —  d)  +  X 

=  — ,     and     X  = 100.      Fmther,  — 


100  -f  X       100  b  (100  —  a) 

I  -f  — ^^ '  =  Cy  (in  which  c  :  i  is  the  ration  of  the  total  amount  of 

(100  —  a)b 

mercury  to  that  originally  present) ;  and  the  amount  of  thallitim  transferred 

must  be  the  fraction or  ( ^^ )  of  a  gram-atom,  if  the  heat 

c  \a(ioo  —  b)/ 

of  dilution  is  calculated  for  the  total  amount  of  a  gram-atom  present. 

Hence  this  heat  of  dilution  divided  by  the  atom-fraction gives  the 

c 

amount  of  heat  involved  in  the  transference  of  a  gram-atom  of  timlliiim 
from  the  more  concentrated  amalgam  into  mercury,  under  such  condi- 
tions that  the  product  possesses  the  concentration  of  the  more  dilute 
amalgam.    These   expressions   are   exact.    Such   calculations   are   now 
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carried  out  for  the  dilution  of  two  concentrated  amalgams  to  the  same 
final  concentration,  and  the  heat-effect  for  each  transfer  is  calculated 
for  a  gram-atom.     In  practise  it  is  not  necessary  to  calculate  the  values 

C  ■""  I 

of  X  and  c,  since  the  fraction may  be  expressed  entirely  in  terms  of 

c 

a  and  b,  as  indicated  above.  As  already  stated,  subtraction  of  the  one 
result  for  the  gram-atom  from  the  other  gives  the  heat  of  transfer  from 
a  solution  corresponding  to  the  average  concentration  over  the  first 
range  to  that  of  a  solution  having  the  average  concentration  over  the  second 
range.  The  detailed  steps  of  the  calculation  for  the  two  ranges,  40% 
to  30%  and  35%  to  30%  follow,  as  an  example  of  the  method  of  calcula- 
tion. 

Table  XIV. 


Composition. 
% 

G.  Hgper 

lOOg 
amalgam. 

«-  g. 
mercury 
added. 

Dilution 
factor. 

Observed 
heat  of 
diluaon. 

Heat  of  dU'n 
per  g.-atom 
of  thallium. 

a    «  40.0 

60.0 

33.33 

1.5555 

740 

2072 

b    =30.0 

70.0 

a'  =  35 .0 

65.0 

16.67 

1.2565 

400 

1959 

h'  =  30.0 

70.0 

U  -    113 

Algebraically,  if  q  and  r  represent,  respectively,  the  heat  of  removal  of  a 
gram-atom  of  thallium  from  the  two  concentrated  amalgams,  and  m  the 
heat  of  adding  this  thallium  to  mercury  (the  same  in  each  case),  then 
g  +  m  =  2072  and  r  + w  =  1959;  subtracting,  q  —  r  =  [/  =  113. 
Thus  although  we  do  not  know,  and  have  no  means  of  knowing  any 
one  of  the  quantities  q,  r,  and  m  individually,  we  are  able  to  determine 
q  —  r  definitely.  The  result  q  —  r=  f/=  113  joules  represents  the 
heat  evolved  when  a  gram-atom  of  thaUium  is  transferred  from  an  aver- 
age concentration  of  35%  to  an  average  concentration  of  32 . 5%,  the  re- 
spective means  (that  is  ^fi{a  +  h),  and  V2(a'  +  &0)  of  the  two  ranges 
involved. 

From  the  succession  of  pairs  of  values  obtained  in  this  way,  step  by 
step,  the  curve  labelled  SD  in  Fig.  1 1  was  built  up. 

It  is  of  course  true  that  the  curve  SD,  Fig.  1 1,  thus  produced  does  not 
exactly  represent  the  true  values,  since  it  is  rather  made  up  of  a  series 
of  straight  lines  than  a  strictly  continuous  curve.  It  is,  however,  very 
near  the  real  curve,  which  would  Ue  slightly  above  it  (nearer  to  the  curve 
H),  and  is  probably  accurate  within  the  limit  of  error  of  the  experiment. 
Greater  accuracy  could  be  attained  by  taking  shorter  intervals  and  more 
pomts,  but  this  extra  trouble  is  not  warranted  by  the  precision  of  the 
present  experimental  work. 

Since  this  curve  cannot  be  continued  to  infinite  dilution,  its  origin  must 
be  found  by  extrapolation,  but  this  is  a  matter  of  minor  importance. 
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It  should,  of  course,  coincide  with  the  values  for  U  given  by  the  Helm- 
holtz  equation  (curve  H,  Fig.  11),  and  for  great  dilutions  the  latter  is 

doubtless  more  accurate 
than  the  former  can  be. 
Therefore,  instead  of 
attempting  an  extrapo- 
lation, the  curve  D  was 
started  on  the  curve 
giving  the  values  for  the 
Helmholtz  equation  at 
about  8%  amalgam. 

In  order  to  show  the 

degree  of  consistency  of 

the  3  methods  of  calcu- 

J  lating  U,  namely,  from 

J  the  heat  of  solution  of 

w  TT    ^   «^       r      r  X        r.t.  11-      «-       thalUum    on    the    one 

Fig.  1 1 . — ^Heat  of  transfer  of  a  gram-atom  of  thallium  from  u     u         f 

one  amalgam  to  another  of  different  concentration,  hand,  from  the  heat  of 
Cmve  S,  as  calculated  from  the  heat  of  solution  of  thai-  dilution  of  thalliiun 
Hum;  Curve  D,  as  calculated  from  the  heat  of  dilu-  amalgam  on  the  other 
tion  of  thallium  amalgam;  Curve  H,  as  calculated  }i3ji(|  and  from  the 
l^^uiJor^"^''^^'''*''^^''''*    Curve  D  gives  the  heat  Hdn^oltz  equation  (see 

page  1 761),  the  follow- 
ing table  is  given,  exhibiting  values  taken  (as  regards  the  first  two  methods) 
from  curves  plotted  on  a  much  larger  scale  than  the  appended  diagram. 

Table  XV. 

Heat  Effect  in  CeU  (U), 

(In  Joules  Per  Gr.-Atom  of  Tl  Transferred.) 

III.  IV. 

Found  from  heat  of        Calculated  from 
dilution  of  amalgams.    Helmholtz  equation. 

470 

696 

370 


I. 

Cone,  in  cell. 

II. 
Found  from  heat 
of  solution  of  Tl. 

0.3315-   1.704 

0.1704-  3.788 

3.788  -  4.935 

4.930  -10.02 

1440 

10.02      -17.05 

1530 

17.05     -21.02 

625 

20.97     -27.36 

705 

27  36     -34.03 

460 

34.03     -42.86 

1420 
1400 

570 
647 
400 
340 


1449 

1445 

568 

631 
385 

261 


Sum,     4.93-42.86  4677  4739 

The  values  in  Col.  II  have  a  large  probable  error,  and  are  valuable 
only  as  a  general  confirmation  of  the  others.  The  values  in  Col.  Ill  are 
much  more  trustworthy,  and  those  in  Col.  IV  are  probably  even  better. 
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Since  the  agreement  of  Cols.  Ill  and  IV  is  within  the  limit  of  the 
series  of  experimental  errors  of  the  two  columns,  evidently  the  Helm- 
holtz  equation  is  confirmed  in  its  application  to  these  amalgam  cells, 
taking  accotmt  of  the  fact  that  the  thermal  effect  to  be  considered  is  the 
transfer  of  thallium  from  a  concentrated  amalgam  of  definite  concentra- 
tion to  an  equally  definite  more  dilute  amalgam. 

The  Freezing  Points  of  the  Amalgams. 

One  other  phenomenon  which  throws  Ught  upon  the  behavior  of  thaUitmi, 
and  therefore  upon  the  nature  of  the  solutions  in  mercury,  deserves  con- 
sideration, namely,  their  irregular  freezipg-point  curve.  There  can  be 
no  doubt  that  these  freezing  points,  through  eutectic  and  dystectic  breaks 
in  the  curve,  indicate  the  existence  of  a  soUd  compound.  The  work  of 
Kumakow  and  Puschin^  seems  to  show  a  compound  of  the  composition 
TlHg2,  but  oiu:  experience  (communicated  below)  indicates  rather  the 
formula  TlaHgB.  Some  years  after  oiu:  determinations  were  made,  but  of 
course  entirely  independently,  since  our  results  had  not  been  pubUshed, 
Roos*  pubUshed  results  similar  to  oiurs. 

Tabi^  XVI. 

%  Tl  by  weight.  Atomic  %.  Temp,  of  freezing.    *  C 

19 13.    First  Series.     (Small  Quantities.) 


42.8 

42.3 

+1.6 

38.8 

38.3 

5.3 

34.0 

33.5 

12.0 

31.7 

31.3 

13.9 

29.1 

28.7 

149 

26.4 

26.0 

14.3 

24.2 

23.8 

12.3 

19  5 

19.2 

3.0 

1913-    Second  Series.     (Small  Quantities.) 

36.5 

36.0 

9.2 

34.4 

33.9 

II. 7 

31.5 

31.1 

14. 1 

29.0 

28.6 

14-8 

25.4 

25.0 

13.2 

23.8 

23.4 

"5 

20.0 

19.7 

4.0 

1914.     Third  Series. 

(Beckraann  Freezing- Point 

Appara 

40.90 

40.47 

+o.9« 

38.83 

38.37 

5.9* 

37.19 

36.71 

9.5» 

32.63 

32.31 

12. 8« 

27.60 

'27.24 

14.3 

20.63 

20.31 

5.7 

18.27 

17.97 

-0.9 

16.92 

16.65 

--6.5 

^  Kumakow  and  Puschm,  Z. 

anorg.  Chem., 

30, 

86  (1902). 

"  R006,  Ibid.,  94y  358  (1916);  C,  A.,  10,  1479  (1916). 

*  In  these  experiments  there  was  not  enough  amalgam  to  submerge  the  whole 
oC  the  thermometer  bulb. 


Digitized  by 


GooQle 


1766  THEODORE    W.   RICHARDS  AliD  I^ARRlNGTON   DANIELS. 

In  1913  crude  experiments  were  performed  with  concentrated  amalgams 
from  the  electromotive  force  experiments.  A  small  glass  bulb  contain- 
ing the  amalgam  was  slipped  over  the  thermometer  bulb  and  tightly  held 
with  a  rubber  ring.  The  thermometer  was  read  when  the  amalgam  started 
to  freeze  upon  being  pltmged  into  cold  water.  After  complete  solidifica- 
tion the  bulb  and  thermometer  were  removed  from  the  cold  bath  and  the 
instnmient  was  read  again  as  the  last  portion  of  the  solid  amalgam  was 
disappearing.  With  each  amalgam  several  trials  and  successive  readings 
were  made.  Successive  portions  of  mercury  were  added  and  the  process 
repeated  again  and  again. 

A  year  later  further  experiments  were  made,  using  a  Beckmann  freezing- 
point  apparatus  with  large  quantities  of  amalgams  from  the  calorimetric 
determinations.  These  confirmation  determinations  are  much  more 
accurate  than  the  preceding. 

In  Fig.  12  these  values  are  represented  by  small  circles.  The  curve 
attains  a  maximum  in  the  neighborhood  of  28.5  atomic  %  of  thallium. 
This  dystectic  point  shows  then  that  a  compoimd  of  thallitun  and  mer- 
cury is  formed  corresponding  to  the  formula  TlaHgs.     Convincing  proof 

of  such  a  compound  lies  in  the  fact  that 
amalgams  of  approximately  this  composi- 
tion gave  a  sharply  defined  melting  point 
and  remained  stationary  at  this  tempera- 
ture (14.9°)  during  the  whole  time  of 
freezing.    All  other  amalgams  (includ- 
ing those  (corresponding  to  TlHgj)  or 
33.3  atomic  %)  gave  ill-defined  freezing 
points,  which  changed  during  solidifica- 
tion.    For  instance,  the  36.71%  amal- 
gam started  to  freeze  at  9.5**,  but  was 
not  completely  solid  even  at  5.0**.    Solid 
amalgams  of  approximately  28.5%  con- 
sisted of  perfect  crystals,  while  all  the 
Fig.  12.— Freezmg  points  of  thallium  ^^her  amalgams  gave  ill-defined  crystals, 
amalgams.    Dotted  curve  indicates  This  is  to  be  taken  as  further  evidence 
results  of  Kumakow  and  Puschin.  of  the  existence  of  a  compound  TUHgs. 
Abscissas  indicate  atomic  %.    (In      ^he  double  circles  represent  freezing 
all  other  diagrams  abscissas  indi-      ^^  ^  determined  from  the  electro- 
cate  per  cent,  by  weight.)  .     •  ^  <    •  1. 

motive  force  meastu-ements,  being  the 

breaks  in  the  curve  already  illustrated  in  Fig.  3.  Freezing  points  at  40®, 
30°  and  20°  were  found,  respectively,  to  be  at  45.3,  44-5,  and  43.3%- 
This  line  extrapolated  crosses  the  curve  of  the  freezing  point  of  the 
weaker  amalgam  at  about  40.8%,  the  temperature  being  about  0.5®,  and 
thus  giving  a  wholly  consistent  picture. 
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The  dotted  line  in  Fig.  12  indicates  the  freezing  points  of  thallium  amal- 
gams as  determined  by  Kumakow  and  Puschin.*  This  ou^e  shows  a 
maximimi  of  15.0 "^  at  33V8%  instead  of  at  28.5%,  and  seemed  to  its 
authors  to  indicate  the  existence  of  the  compotmd  TlHgj.  The  eutectic 
pomt  at  40%  is  likewise  not  in  agreement  with  ours.  Experimental  de- 
tails are  not  given  and  the  cause  of  the  serious  discrepancy  cannot  be  de- 
termined. Certainly  the  purity  of  the  materials  in  the  present  research 
is  beyond  question,  and  the  fact  that  our  electromotive-force  measure- 
ments (Fig.  3)  gives  a  perfectly  regular  curve  shows  that  the  concentra- 
tions must  be  correctly  known.  Cohen  and  Inouye*  have  repeated 
Puschin's  work  on  the  zinc  amalgams  and  found  it  considerably  in  error, 
and  they  suggest  that  his  work  on  other  metals  may  be  in  need  of  revi- 
sion. The  erroneous  freezing-point  curve  for  thallium  amalgams  has  been 
copied  in  a  text-book'  as  an  example  of  the  indication  of  a  compound 
(TlHgj)  by  a  dystectic  point. 

The  conclusion  that  tiie  formula  of  the  solid  compound  is  really  TlaHgft 
is  of  interest  as  regards  the  constitution  of  the  liquid  amalgams,  because 
it  shows  that  thallium  has  a  tendency  to  form  diatomic  molecules.  If 
diatomic  molecules  thus  exist  in  the  solid  state,  it  is  not  unreasonable  to 
believe  that  the  same  tendency  may  exist  in  solutions. 

Conclusion. 

Thus  a  great  variety  of  data  concerning  the  natture  of  thaUiiun  amal- 
gams has  been  provided,  and  some  of  the  essential  thermodynamic  rela- 
tions between  these  phenomena  have  been  pointed  out.  The  more  de- 
tailed hypothetical  analysis  of  these  varied  data  is  capable  of  furnishing 
much  light  on  the  nature  of  amalgams  as  well  as  on  the  natiu-e  of  solutions 
in  general;  but  this  is  a  large  subject,  involving  the  discussion  of  bicom- 
ponent  systems  in  its  widest  bearings,  and  is  reserved  for  a  later  paper, 
now  almost  ready  for  publication. 

We  are  much  indebted  to  the  Carnegie  Institution  of  Washington  for 
financial  support  in  this  investigation,  and  to  Dr.  W.  C.  Schumb  for  as- 
sistance in  the  manifold  and  time-consuming  calculations  involved. 

Summary. 

In  this  paper  the  following  contributions  to  the  experimental  study  of 
thallium  amalgams  have  been  made: 

I.  The  electromotive  forces  between  amalgams  ranging  from  0.33% 
to  saturation  (over  40%)  have  been  measiu'ed  within  a  few  microvolts, 
at  20**,  30**,  and  40^.  These  potentials  are  far  greater  than  those  de- 
manded by  the  simple  concentration  law. 

'  Kumakow  and  Puschin,  Z.  anorg.  Chem.,  30,  86  (1902). 

•  Cohen  and  Inouye,  Z.  phys.  Chem.,  71,  627  (1910). 

»  Findlay,  "The  Phase  Rule,"  p.  225,  Longmanns  Green  and  Co.,  New  York  (1915). 
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2.  The  temperature  coefficients  of  the  electromotive  forces  of  these 
amalgams  have  been  computed  from  these  results.  These  temperature 
coefficients  are  less  than  the  requirement  of  the  gas  law,  and  vary  as 
the  concentration  increases. 

3.  The  densities  of  the  Uquid  amalgams  and  the  solution  voltune  of 
thallitim  in  mercury  have  been  determined  over  the  whole  range.  The 
solution  volume  is  remarkably  constant,  varying  only  from  17.47  to 
17.51,  but  is  somewhat  in  excess  of  the  specific  voliune  of  thallium, 
17.21.    Thus  thaUitun  expands  on  amalgamation. 

4.  The  coefficients  of  expansion  of  the  various  amalgams  were  com- 
puted from  these  results.    They  diminish  with  increasing  concentration. 

5.  The  heat  capacities  of  the  amalgams  were  determined  by  a  some- 
what new  method  over  the  whole  range.  They  were  found  to  be  distinctly 
in  excess  of  the  sum  of  the  heat  capacities  of  the  thaUium  and  mercury 
taken  separately;  that  is,  the  "solution  heat  capacity"  of  one  gram  of 
dissolved  thaUitun  is  greater  than  the  heat  capacity  of  one  gram  of  sciid 
thallium.  This  excess  is  greater  in  dilute  than  in  concentrated  amal- 
gams. 

6.  The  heats  of  dilution  of  thallium  amalgams  with  mercury  at  20^ 
were  determined  over  the  whole  range  of  concentrations.  With  the  help 
of  the  heat-capacity  values  these  results  were  corrected  to  30®  (and  ap- 
proximately to  325**). 

7.  The  heats  of  solution  of  thallium  in  merciuy  and  in  thaUitun  amal- 
gams of  increasing  concentration  were  measured. 

8.  Although  the  heat  of  dUution  of  thallium  amalgam  is  a  very  diflFer- 
ent  effect  from  the  transfer  of  thaUium  from  one  amalgam  to  another, 
one  of  these  effects  can  be  computed  from  the  other.  The  necessary 
steps  are  indicated. 

9.  It  is  shown  that,  within  the  limit  of  error  of  the  experiment,  the 
heat  effects  in  the  cells  of  which  the  electromotive  forces  were  measiued 
may  be  computed  from  either  the  heat  of  dUution  of  the  amalgams,  or 
the  heat  of  solution  of  thaUium  in  the  amalgams,  or  the  temperature  co- 
efficient of  the  electromotive  force — each  of  these  3  methods  giving  es- 
sentiaUy  identical  results  within  the  limit  of  error  of  the  experiment. 

10.  The  freezing  points  of  amalgams  from  16  to  45  atomic  %  were  re- 
peatedly determined,  and  were  found  to  give  a  ctu^e  indicating  conclu- 
sively the  existence  of  the  soUd  compotmd  TljHgB.   ' 

11.  The  single  potential  of  pure  electrolytic  thallium  was  foimd  to 
be  about  2.5  m.  v.  more  negative  than  that  of  saturated  thaUitun  amalgam 
at  room  temperatures. 

Cambudo«,  Mass. 
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[Contribution  from  the  Department  of  Chemistry,  Cornell  University.] 

BEHAVIOR  OF  THE  HYDRONITROGENS  AND  THEIR  DERIVA- 
TIVES  IN  LIQUID  AMMONIA.    VI.  ELECTROLYTIC  NI- 
TRIDATION OF  VARIOUS  ANODES  IN  A  SOLU- 
TION OF  AMMONIUM  TRINITRIDE.^ 

By  a.  W.  Browne,  M.  E.  Holmes  and  J.  S.  King. 

Received  August  11,  1919. 

Attention  has  akeady  been  called  by  investigators  in  this  laboratory 
to  the  similarity  that  exists  between  the  peroxides  and  the  pemitrides, 
and  between  the  processes  of  oxidation  and  nitridation.*  Turrentine' 
has  adduced  evidence  in  support  of  the  view  that  hydronitric  add  is  a 
nitridizing  agent,  analogous  in  both  structure  and  behavior  to  nitric  acid. 
Welsh^  has  shown  that  soditun  hydrazide  probably  undergoes  ammonol- 
ysis  in  liquid  anunonia,  with  formation  of  sodium  amide,  ammonia,  and 
nitrogen,  just  as  sodium  peroxide  imdergoes  hydrolysis  in  water,  with 
formation  of  sodium  hydroxide,  water,  and  oxygen. 

In  the  fifth  article  of  the  current  series  were  recorded  the  results  of  an 
investigation  upon  the-  behavior  of  a  solution  of  ammonium  trinitride  in 
liquid  ammonia  when  electrolyzed  between  platinum  or  graphite  elec- 
trodes. From  this  work  it  may  be  concluded  that  imder  suitable  condi- 
tions either  nascent  nitrine,  Na,  which  at  once  breaks  up  into  molecular 
nitrogen,  or  nascent  nitrogen,  N,  can  be  liberated  at  the  anode.  It  has 
been  the  purpose  of  the  present  investigation  to  ascertain  whether  or  not 
nitridation  of  certain  metallic  anodes  will  take  place,  imder  similar  condi- 
tions, with  formation  of  the  corresponding  metallic  nitrides  or  pemitrides. 
Anodes  of  copper,  silver,  cadmium,  aluminum,  lead,  antimony,  iron,  and 
nickel  were  employed  in  the  experiments  to  be  described. 

i^paratus  and  General  Procedure. — ^The  H-tube  described  and 
figured  in  Article  V*  of  this  series  was  used  throughout  the  greater  part 
of  the  work.  This  cell  was  provided  with  two  electrode  tubes,  as  before, 
for  the  collection  of  gases  liberated  during  electrolysis.  Through  the 
anode  tube,  however,  instead  of  the  slender  wire  attached  directly  to 
the  platinum  electrode,  was  fused  a  short  piece  of  heavy  platinum  wire, 
terminating  on  the  inside  of  the  tube  in  a  flattened  hook  into  which  the 
bent-over  end  of  an  electrode  could  readily  be  drawn  so  as  to  give  a  satis- 
factory contact.  The  cathode  used  with  this  apparatus  consisted  of  a 
piece  of  smooth  platinum  foil  2  cm.  long  and  0.5  cm.  wide. 

*  For  the  earlier  articles  of  this  series  see  Tras  Journal,  33,  1728-34,  1734-42, 
1742-52  (1911);  35.  649-58,  672-81  (1913). 

«  See  Browne  and  Welsh,  Ibid.,  33,  1728  (191 1);  Goldberg,  Ibid.,  34,  886  (1912). 

^  Ibid.,  34,  385-7  (1912).     See  also  Turrentine  and  Moore,  Ibid.,  34,  375-382, 
382-384  (1912). 

« /W(l.,  37,  497-508  (1915). 

» Tras  Journal,  35i  663-71  (1913). 
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At  the  beginning  of  an  experiment  the  carefully  cleaned,  dried,  and 
weighed  anode  was  suspended  in  the  tube.  The  electrode  tubes  were 
then  set  in  position  in  the  cell,  into  which  had  been  placed  i.ooo  g.  of 
ptu-e  ammonium  trinitride.  After  the  air  had  been  displaced  with  pture, 
dry  ammonia  gas,  36  cc.  of  liquid  ammonia  was  condensed  in  the  appa- 
ratus with  the  aid  of  soUd  carbon  dioxide  and  alcohol,  and  the  solution 
was  thoroughly  stirred.  The  gases  Uberated  during  electrolysis  were 
collected,  transferred,  and  analyzed  in  the  usual  way.  Immediately  after 
the  completion  of  the  electrolysis,  which  was  conducted  at  a  temperatiu'e 
of  about  — 67°,  the  anode  was  quickly  detached,  was  cleansed  from 
adhering  deposits,  in  case  any  were  formed,  and  was  washed,  dried,  and 
weighed  in  the  usual  manner.  The  cell  was  finally  allowed  to  warm  up 
to  room  temperattu-e,  and  the  residual  solid  obtained  by  evaporation  of 
the  liquid  ammonia  was  subjected  to  further  tests  as  outlined  below. 

Details  of  the  Experiments. — ^The  principal  numerical  details  of  the 
individual  experiments  are  recorded  in  the  table.  Additional  results  are 
appended  in  the  paragraphs  that  follow. 

Tablb  I. 


No. 

of 

expt. 

Anode 
used. 

Coulom-  Electro- 
eter        chem. 
Anode      cath.        effic. 

G.             G.       Per  cent. 

Nitrogen 

evolved 

at  anode 

(corrected). 

Cc.          G. 

Hydrogen 

evolved 

at  cathode 

((XMTected). 

Cc.          G. 

Calc. 

wt. 

hydro- 

Av. 

cur- 
rent 
MiUi- 
amps. 

I... 

.  Copper 

0 

•0925 

0.0645 

143.4 

none 



100 

2..  . 

.  Copper 

0 

.0489 

0.0347 

140.9 

none 

3... 

.  Copper 

0 

.0990 

0.0688 

143.9 

none 

23.44 

0.002II 

0 

.00218 

no 

4... 

.  Copper 

0 

.1274 

0.0916 

139. 1 

none 

22.50 

0.00202 

0 

.00290 

75 

5... 

.  Silver 

0 

.2664 

0.0775 

IOI.3 

none 

30.30 

0.00272 

0 

.00246 

100 

6... 

.  Silver 

0 

.1549 

0.0452 

loi  .0 

none 

150 

7... 

.  Cadmium 

0 

.1369 

0.0768 

100.8 

none 

25.44 

0.00229 

0 

.00244 

100 

8... 

.  Cadmitmi 

0 

■145 1 

0.0810 

IOI.3 

none 

70 

9... 

.  Aluminum  0 

.0274 

O.II43 

84.3 

3 

.80  0.00502 

39.70 

0.00357 

0 

.00363 

45 

ID... 

.  Aluminum 

0 

.0288 

O.I 168 

86.8 

4 

.73  0.00626 

34.28 

0.00308 

0 

.00370 

35 

II... 

.  Alumintun  0 

.1712 

0.7846 

76.8 



390 

12... 

.  Aluminum  0 

.4378 

I .9126 

80.5 

400 

13... 

.  Aluminum  0 

.4339 

I  .9301 

79.1 

1000 

14... 

.  Aluminum 

0 

.5082 

2.4902 

71.8 

1000 

15... 

.  Lead 

0 

.3068 

0.0922 

102. 1 

none 

29.49 

0  .00265 

0 

.00292 

no 

16... 

.  Lead 

0 

.1661 

0.0490 

104. 1 

none 

100 

17... 

.  Antimony 

0 

.1264 

0.0962 

104.2 

none 

34.59 

0.0031 1 

0 

.00305 

180 

18... 

.  Antimony 

0 

.1882 

0.1457 

102.5 

none 

51.53 

0.00463 

0 

.00462 

135 

19... 

.  Iron 

0 

.0332 

0.1340 

42.3 

15 

.60  0.0206 

45.33 

0.00408 

0 

.00425 

80 

20... 

.  Iron 

0 

.0364 

0.1309 

47.5 

16 

.87  0.0223 

37.95 

0.00341 

6 

.00415 

50 

21... 

.  Nickel 

0 

.0547 

0.1073 

55.2 

9 

.48  0.0125 

34.67 

0.00312 

0 

.00340 

95 

22... 

.  Nickel 

0 

.0653 

0.1078 

65.6 

5 

.44  0.0072 

34.19 

0.00307 

0 

.00342 

73 

Expt.  I. — ^The  anode  consisted  of  a  strip  of  sheet  copper  2  cm.  long 
and  0.5  cm.  wide.  Before  the  drcuit  was  closed  the  cell  was  allowed  to 
stand  for  3  hours,  in  order  to  ascertain  whether  or  not  the  anode  would 
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suffer  chemical  corrosion  when  allowed  to  rest  in  contact  with  the  elec- 
trolyte. No  such  corrosion  was  found  to  take  place.  As  soon  as  the 
circuit  was  closed,  however,  a  distinct  blue  coloration  was  observed  in 
the  neighborhood  of  the  anode,  and  before  long  a  layer  of  deep  blue 
solution  had  accimiulated  in  the  bottom  of  the  anode  compartment. 
The  anode  was  partly  coated  with  a  black  deposit. 

Ezpt.  2, — ^The  deep  blue  solution  remaining  after  the  completion  of 
the  electrolysis,  which  was  carried  out  imder  conditions  similar  to  those 
prevailing  in  Expt.  i,  was  allowed  to  warm  up  until  the  liquid  ammonia 
had  completely  vaporized.  The  solid  residue  was  treated  with  water, 
and  the  light  green  precipitate  resulting  from  hydrolysis  of  the  copper 
salt  was  removed  by  filtration.  No  indication  of  the  presence  of  hydra- 
zine, the  formation  of  which  during  the  electrolysis  had  been  regarded 
as  at  least  remotely  possible,  was  obtained  when  the  filtrate  was  treated 
with  Fehling's  solution.  The  light  green  precipitate  was  thoroughly 
washed  with  water  to  remove  the  ammonium  trinitride,  and  was  then 
treated  with  a  solution  of  ferric  chloride.  The  deep  red  coloration  indi- 
cated the  presence  of  the  Ns  group  in  the  solid,  which  was  undoubtedly 
a  basic  copper  trinitride. 

Ezpt.  3. — ^A  copper  anode  having  a  surface  (on  one  side)  of  3.25  sq. 
cm.  was  used  in  this  experiment.  After  an  exposure  of  3  hours  to  the 
action  of  the  electrolyte  before  the  current  was  passed  through  the  cell, 
the  anode  seemed  to  have  undergone  a  very  slight  chemical  corrosion, 
as  indicated  by  the  appearance  of  a  faint  blue  coloration  in  the  anode 
compartment. 

Expt.  4. — The  same  electrolyte  was  used  in  this  as  in  the  preceding 
experiment.  The  anode  was  removed  and  weighed,  and  then  returned 
to  the  cell  with  suitable  precautions  to  avoid  the  introduction  of  mois- 
ture. After  completion  of  the  electrolysis,  which  was  continued  for  about 
an  hour,  the  cell  was  allowed  to  warm  up  to  room  temperature.  The 
soUd  residue,  which  contained  ammonium  trinitride  and  the  copper  salt 
formed  as  the  corrosion  product,  was  treated  with  water,  which  readily 
dissolved  the  former,  but  only  slightly  dissolved  the  latter  constituent. 
The  solution  was  decanted  from  the  dark  green  crystals,  which  were 
then  dried  on  filter  paper  without  further  washing,  and  were  preserved 
for  subsequent  examination.  Treatment  with  water  was  found  to  result 
in  immediate  hydrolysis,  with  formation  of  the  light  green  basic  trini- 
tride^ to  which  reference  was  made  in  connection  with  Expt.  3.  On  the 
other  hand,  treatment  of  the  basic  trinitride  with  ammonium  trinitride 
caused  a  reversal  of  the  hydrolytic  action,  with  formation  of  the  dark 
green  crystalline  product,  which  ultimately  went  into  solution  completely. 
For  example,  0.06  g.  of  the  dark  green  salt  was  treated  with  3.7  cc.  of 
*  Wdhler  and  Knipko,  Ber.,  46,  2045-57  (1913)- 
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water.  The  light  green  precipitate  thus  formed  was  changed  back  by 
0'3  S'  ^f  ^^^  ammonitim  trinitride.  When  treated  under  similar  con- 
ditions with  ammonitmi  chloride  the  precipitate  did  not  redissolve.  The 
presence  of  bivalent  copper,  of  Ns,  and  of  ammonia,  in  samples  of  the 
original  dark  green  crystals  was  established  by  the  usual  tests.  The 
crystals  were  insoluble  in  water,  but  were  soluble  in  dilute  adds.  They 
were  found  to  explode  with  a  loud  report  when  heated.  The  amount  of 
material  obtainable  was  not  suflScient  to  permit  more  accurate  determina- 
tion of  its  decomposition.  From  qualitative  tests,  however,  it  would 
seem  to  be  either  an  ammonated  cupric  trinitride,*  such  as  CuN«.2NE[t,  or 
possibly  a  cupric  ammonium  trinitride. 

It  will  be  noted  from  the  data  given  in  Colimm  5  of  the  table  that  in 
Bxpts.  I  to  4  the  anode  corrosion  efficiency  is  considerably  above  100%, 
as  calculated  on  the  basis  of  the  ratio  Cu:  2Ns.  In  the  absence  of  appre- 
ciable chemical  corrosion  this  indicates  that  formation  of  cuprous  tri- 
nitride, CuNt,  must  have  taken  pace  to  some  extent.* 

Expt.  5. — ^The  silver  anode  used  in  this  and  in  the  following  experiment 
was  0.75  cm.  wide,  and  was  immersed  to  a  depth  of  8  cm.  The  electrol- 
ysis was  continued  for  30  minutes.  As  was  usual  in  these  experiments, 
the  corrosion  took  place  chiefly  at  the  lower  end  of  the  electrode  owing 
to  the  special  construction  of  the  cell,  which  was  designed  so  as  to  permit 
the  collection  of  the  gases  liberated  at  the  electrodes.  After  completion 
of  the  electrolysis  the  anode  was  removed  and  reweighed,  and  was  again 
inserted  in  the  cell,  in  preparation  for  the  next  experiment.  No  evolu- 
tion of  gas,  change  of  color,  or  formation  of  a  solid  deposit  occtured  at 
the  anode.  A  heavy  deposit  of  metallic  silver  gradually  accumulated 
upon  the  cathode. 

Expt.  6. — ^The  electrolysis  was  allowed  to  proceed  for  30  minutes 
under  conditions  the  same  as  those  prevailing  in  the  preceding  experiment. 
The  deposit  of  metallic  silver  on  the  cathode  extended  outside  of  the 
electrode  tube,  making  it  impossible  to  collect  the  gas  quantitatively.  No 
gas  was  evolved  at  the  anode,  which  could  be  seen  to  tmdergo  rapid 
electroljrtic  corrosion.  The  soUd  residue  obtained  after  evaporation  of 
the  solvent  and  removal  of  the  soluble  ammonitun  trinitride  by  treat- 
ment with  water,  was  found  to  consist  of  silver  trinitride.  The  electro- 
chemical efficiency  has  been  calculated  on  the  theory  that  AgNs  was  the 
sole  product  of  corrosion  in  this  case. 

Expt.  7. — ^The  cadmium  wire  which  served  as  the  anode  in  Bxpts. 

7  and  8  extended  to  a  depth  of  8  cm.  below  the  surface  of  the  electroljrte. 

No  corrosion  was  observed  to  take  place  before  the  circuit  was  dosed* 

The  electrolysis  was  carried  on  through  a  period  of  40  minutes,  during 

^  Dennis  and  Isham,  Tms  Journai;,  ^,  19  (1907). 

*  W5hler,  Chem.  Ztg.,  35,  1096  (191 1);  W6hler  and  Krupko,  Loc.  cit. 
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which  no  evolution  of  gas  took  place  at  the  anode.  A  heavy,  white  de- 
posit was  formed  at  this  electrode,  however,  and  a  slight  deposit  of  black 
material,  probably  finely-divided  metallic  cadmium,  appeared  at  the 
cathode. 

Eiqit.  8, — In  continuation  of  Expt.  7  the  electrolysis  was  conducted 
until  the  cathode  deposit  extended  beyond  the  cathode  tube,  making 
impossible  the  quantitative  collection  of  the  gas  liberated  at  the  cathode. 
The  white  anode  product  was  found  to  be  stable  in  the  air  at  ordinary 
temperatures,  but  was  found  to  explode  when  heated.  Treated  with  a 
solution  of  ferric  chloride  it  showed  the  usual  red  coloration  indicative  of 
the  presence  of  the  trinitride  ion.  After  it  had  been  washed  with  water 
until  the  filtrate  no  longer  gave  evidence  of  this  ion,  a  residue  was  ob- 
tained which  contained  Ns  and  which  exploded  on  heating.  This  was 
soluble  in  hydrochloric  add,  in  hydronitric  add,  and  in  ammonium  tri- 
nitride solutions,  and  the  resulting  solutions  yidded  cadmium  sulfide 
when  treated  with  hydrogen  sulfide.  The  anode  product  was  probably 
dther  an  ammonated  cadmium  trinitride,  or  an  ammono-basic  cadmium 
trinitride  formed  by  ammonolysis  of  the  original  CdN«  quantitativdy 
produced  by  the  action  of  Ns  upon  the  metallic  anode. 

Expt.  9. — A  thin  sheet  of  aluminum  0.75  cm.  wide  was  employed  as 
the  anode.  This  was  immersed  to  a  depth  of  8  cm.  in  the  dectrol3rte. 
The  dectrolysis  was  allowed  to  proceed  for  two  hours,  during  which  a 
bulky,  yellowish  brown  deposit  accumulated  at  the  lower  end  of  the 
anode.  On  the  upper  part  of  the  anode  a  very  firm  and  coherent  black 
coating  of  somewhat  iridescent  appearance  was  formed.  This  was  pre- 
sumably of  identical  composition  with  the  yellowish  deposit,  but  of  very 
different  physical  form  and  compactness.  The  deposit  was  found  to  be 
non-explodve,  and  to  contain  no  Ns.  It  was  insoluble  in  water,  but  dis- 
solved readily  in  a  solution  of  soditun  hydroxide.  The  resulting  solution 
yielded  flocculent  alumintun  hydroxide  when  boiled  with  ammonium 
chloride. 

Expt*  10. — ^The  dectrolysis  was  effected  under  conditions  similar  to 
those  prevailing  in  the  preceding  experiment.  The  residue  obtained  after 
vaporization  of  the  liquid  ammonia  from  the  dectrolyte  was  washed  on 
the  filter  with  successive  10  cc.  portions  of  water,  and  the  filtrate  was  in 
each  case  treated  with  ferric  chloride.  The  ammonitun  trinitride  was 
completdy  removed  by  the  first  3  washings  and  in  subsequent  portions 
of  the  wash  water  no  indications  of  Ns  in  appreciable  amount  was  ob-, 
tained.  The  residue  was  found  to  be  non-explosive,  and  to  contain  na 
Ns.    It  was  found  by  the  usual  tests  to  be  aluminum  hydroxide. 

Expts.  II  to  14. — For  use  in  these  4  experiments  a  larger  dectrolytic 
cdl  was  constructed,  in  which  no  provision  was  made  for  collection  of 
the  gases  liberated  at  the  dectrodes,  but  in  which  the  anode  product 


Digitized  by 


GooQle 


1774  ^-   ^'   BROWNE,   M.   E.   HOLMES  AND  J.   8.   KING, 

could  be  prepared  in  larger  quantity,  and  under  conditions  of  lower  and 
more  nearly  uniform  anode  current  density.  The  product  was  obtained 
in  the  form  of  a  fairly  compact,  though  brittle,  scale  usually  of  an  irides- 
cent steel  blue  or  black  appearance.  On  the  back  of  the  electrode,  where 
the  current  density  was  very  low,  a  thin,  coherent  black  coating  identical 
with  that  described  under  Expt.  9  was  deposited.  This  coating  could  be 
removed  from  the  metal  only  with  considerable  difl&culty. 

A  curious  phenomenon  was  observed  in  two  cases  during  the  removal 
of  the  loosely  adherent  scale  from  the  front  side  of  the  anode.  Almost 
immediately  after  the  material  was  first  exposed  to  the  air,  a  spontaneous 
evolution  of  heat  took  place,  accompanied  by  the  appearance  of  a  small 
quantity  of  smoke-like  fumes.  For  the  reason  that  this  product  is  un- 
stable in  the  air,  no  definite  conclusion  can  be  reached  concerning  its 
compositicm  on  the  basis  of  the  work  herein  described.  Further  work  upon 
this  problem  has  been  carried  out  by  other  investigators  in  this  laborat<Mry, 
whose  results  will  be  published  in  the  next  article  of  the  current  series. 

After  the  electrolysis  had  been  in  progess  for  some  time,  a  deposit 
began  to  form  upon  the  cathode  in  each  of  these  experiments.  This  was 
originally  of  a  dark  appearance,  but  it  faded  to  a  dull  gray  color  after  the 
ammonia  had  been  allowed  to  vaporize  from  the  cell. 

Expt.  15. — ^The  anode  consisted  of  a  strip  of  sheet  lead  1.5  cm.  wide. 
This  was  as  usual  immersed  in  the  electrol3rte  to  a  depth  of  8  cm.  The 
duration  of  the  electrolysis  was  for  30  minutes.  No  gas  was  evolved  at 
the  anode.  A  dark,  loosely-adhering  solid  was  formed  at  the  anode,  and 
a  deposit,  presiunably  of  metallic  lead,  accumulated  upon  the  cathode. 

Expt.  16. — ^The  material  deposited  upon  the  anode  during  this  ex- 
periment, in  which  the  conditions  prevailing  in  Expt.  15  were  duplicated, 
was  found  to  explode  on  heating.  It  dissdved  slightly  in  cold,  and  quite 
readily  in  hot  water.  The  solution  showed  the  characteristic  reactions 
of  lead  salts  and  of  trinitrides.  The  conclusion  that  the  deposit  consisted 
of  lead  trinitride,  PbNe,  was  substantiated  by  the  calculated  corfosicm 
efficiency,  and  by  the  absence  of  any  evolution  of  gas  at  the  anode. 

Expt.  17. — An  antimony  rod  0.5  cm.  in  diameter  extending  8  cm. 
into  the  solution  was  used  as  the  anode  in  this  and  the  following  experi- 
ment. The  dectrol}^  covered  a  period  of  30  minutes.  No  gas  was 
evdved  at  the  anode.  A  yellow  solid  was  deposited  upon  the  anode, 
and  dropped  from  it  at  intervals. 

Expt.  18. — ^The  electrol3^s  was  in  this  case  continued  for  one  hour. 
The  yellow  product  that  accumulated  upon  the  anode  was  found  to  ex- 
plode on  heating.  A  portion  of  this  solid  was  washed  upon  the  filter 
with  successive  10  cc.  portions  of  water.  Hydrol3^s  took  place,  with 
the  result  that  hydronitric  add  was  found  in  the  filtrates,  while  the  color 
of  the  solid  faded  from  yellow  to  white.    The  white  residue  was  found 
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to  be  non-explosive,  and  to  contain  no  Ns-  When  dissolved  in  hydro- 
chloric acid  this  material  showed  the  characteristic  reaction  of  antimony- 
compounds  toward  hydrogen  sulfide.  The  anode  corrosion  eflSdency 
was  calculated  on  the  assumption  that  antimony  trinitride,  Sb(N8)8i  was 
formed  at  the  anode. 

Ezpt.  19. — An  iron  anode  made  of  20  strands  of  piano  wire  woven 
together  was  employed  in  Expts.  19  and  20.  It  was  immersed  to  a  depth 
of  7  cm.  in  the  electrolyte,  and  was  allowed  to  stand  for  two  hours  before 
the  circuit  was  closed.  No  evidence  of  chemical  action  was  observed. 
As  soon  as  the  current  was  tmned  on,  however,  the  deep  red  color  of 
ferric  trinitride  appeared  in  the  neighborhood  of  the  anode.  Gas  was 
evolved  at  the  anode,  but  not  so  rapidly  as  at  the  cathode.  The  electrol- 
ysis was  continued  for  80  minutes. 

Expt.  20. — ^The  electrolysis  was  in  this  case  allowed  to  proceed  for 
105  minutes.  The  solution  assumed  a  deep  red  color,  and  a  small  amount 
of  a  dark  colored  substance  was  deposited  upon  the  cathode.  This  was 
soluble  in  nitric  add,  and  the  solution  obtained  showed  the  character- 
istic tests  for  iron.  Vaporization  of  the  liquid  ammonia  from  the  deep 
red  electrolyte  resulted  in  the  formation  of  a  brownish  red  residue.  This 
was  found  by  test  to  be  in  all  probability  an  ammono-basic  ferric  trinitride, 
the  exact  composition  of  whidi  was  not  determined. 

Expt.  21. — A  thin  strip  of  nickel  0.25  cm.  wide  constituted  the  anode 
used  in  this  and  in  the  following  experiment.  This  anode  extended  into 
the  liquid  to  a  depth  of  8  cm.  The  dectrolysis  covered  a  period  of  one 
hour.  Gas  was  evolved  at  the  anode.  A  pink  deposit  gradually  formed 
at  this  dectrode,  dropping  off  from  time  to  time,  and  in  part  redissolving 
in  the  liquid,  to  which  it  imparted  a  dedded  brownish  red  coloration. 
The  solid  was  found  to  explode  on  heating.  On  treatment  with  water 
the  substance  turned  green,  and  gradually  dissolved,  forming  a  green 
solution,  from  which  later  a  heavy  green  predpitate  settled  out.  This 
predpitate  was  found  to  be  explosive,  and  to  contain  nickd  and  Ns.  It 
was  undoubtedly  a  basic  nickd  trinitride  formed  by  hydrolysis  of  the 
nickd  trinitride,  or  possibly  ammono-basic  nickd  trinitride  formed  in  the 
cdl.  The  washed  residue  differed  from  the  original  deposit  in  that  it 
was  insoluble  in  water  and  in  ammonium  trinitride  solutions. 

^cpt.  22.— The  dectrolysis  was  continued  over  a  period  of  74  minutes. 
The  observations  made  were  corroborative  of  those  described  in  the  pre- 
ceding paragraph.  A  very  faint  deposit  was  formed  on  the  cathode  in 
both  of  these  experiments. 

Summary. 

In  the  present  artide  are  recorded  the  results  of  a  series  of  experiments 
upon  the  behavior  of  various  metallic  anodes  in  a  liquid  ammonia  solu- 
tion of  ammonitun  trinitride. 
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It  has  been  shown  that  copper  anodes  undergo  electrolytic  corrosion 
to  an  extent  indicating  the  formation  of  some  cuprous  trinitride,  CuNa, 
with  the  cupric  trinitride  CuNe  formed  as  the  main  product.  No  gas 
was  liberated  at  the  anode. 

With  silver,  cadmium,  lead,  and  antimony  anodes,  the  corrosion  resulted 
in  the  formation  of  the  normal  trinitrides  AgNs,  CdN«,  PbNe,  and  SbNo, 
without  liberation  of  gas  at  the  anode.  The  corrosion  efficiency  as  cal- 
culated on  the  basis  of  the  quantitative  formation  of  these  compounds 
was  found  to  be  slightly  in  excess  of  ioo%.  This  is  probably  not  attribut- 
able to  ordinary  experimental  error,  but  either  to  a  slight  mechanical  or 
chemical  corrosion,  or  eke  to  a  tendency  toward  the  formation  of  unstable 
compounds  containing  the  metals  in  a  lower  state  of  valence. 

The  aluminum,  iron,  and  nickel  anodes  were  found  to  undergo  cor- 
rosion accompanied  by  liberation  of  nitrogen  gas,  as  the  result  of  which 
the  efficiency  fell  far  below  ioo%.  The  aluminum  anode  became  coated 
with  a  bulky,  pyrophoric  scale  of  varying  color  and  texture.  Deep  red 
ferric  trinitride,  FeNg,  was  obtained  in  solution  when  the  iron  anode  was 
employed,  but  this  product  was  ammonolyzed,  yielding  an  ammono-basic 
ferric  trinitride.  Upon  the  nickel  anode  a  pink  deposit,  prestunably  an 
amono-basic  nickel  trinitride,  was  formed. 

ITBACA,   N.   Y. 
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In  comiection  with  some  work  in  this  laboratory,  it  became  necessary 
to  analyze  potassium  ferrocyanide  solutions  accurately.  The  oxidation 
of  hydroferrocyanic  add  by  excess  of  iodine  followed  by  titration  with 
thiosulfate  in  the  presence  of  alkali  bicarbonate  as  proposed  by  Rupp 
and  Scheldt^  has  been  shown  to  be  inaccurate.*  Knublauch'  titrates  a 
sulfuric  add  solution  of  the  salt  with  copper  qflzinc  sulfate,  using  a  ferric 
salt  as  indicator.  Smith's  dectrolytic  method*  would  not  distinguish 
between  ferro-  and  ferricyanide  ion  if  such-  were  necessary.  DeHaen' 
titrated  a  sulfuric  add  solution  with  permanganate,  but  the  diflSculty 
of  determining  the  end-point  in  a  yellow  solution  of  ferricyanide  is  mani- 

*  /.  Soc.  Chem.  Ind.,  21,  1099  (1902). 

'  Sutton,  Volumetric  Anal.,  loth  Ed.,  p.  217. 

*  Ibid.,  p.  219. 

*  Electro- Analysis,  5th  Ed.,  1912,  p.  302. 

*  Ann.  Chem,  Pharm.,  90, 160  (1854). 
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fest.  DeHaen  recommends  standardizing  permanganate  against  pm^ 
potassium  ferrocyanide.  We  could  not  use  the  hydrated  salt  for  this 
purpose  because  of  efi9orescence,  and  when  dried  at  120**,  even  in  a  stream 
of  dry  carbon  dioxide,  decomposition  amounting  to  8  to  15  parts  in 
10,000  occurred.  Having  observed  that  a  sharp  change  in  potential  oc- 
curred diuing  the  titration  of  ferrocyanide  with  permanganate  immedi- 
ately before  the  color  of  the  permanganate  appeared,  we  undertook  the 
study  of  the  end-point. 

The  change  in  oxidation  potential  has  been  used  by  Crotogino^  in 
titrating  halogens  with  permanganate,  by  Hildebrand*  in  the  titration  of 
chromates,  by  Forbes  and  Bartlett  in  the  titration  of  ferrous*  and  chrom- 
ous*  salts,  and  by  Kelley  and  others  in  the  titration  of  vanadates,*  chrom- 
ates,* and  permanganates.^  Crotogino,®  using  a  platiniun  black  elec- 
trode, observed  that  the  potential  of  the  cell  Pt  —  K4Fe(CN)e  — 
N  HgsCU  is  0.155  volt,  while  we  observed  the  same  cell  to  show  a  potential 
ranging  from  0.20  to  0.41  volt,  using  a  bright  platiniun  electrode.  The 
difference  in  the  potential  of  the  cell  depends  upon  the  nature  of  the 
solutions  with  which  the  electrode  has  been  in  contact,  the  amount  of 
add  present,  and  the  temperature.  We  believe  the  electrometric  titra- 
tion of  ferrocyanides  to  be  new. 

Our  apparatus  consisted  in  part  of  a  bright  platiniun  wire  which  served 
as  a  platinum  electrode,  a  normal  calomel  electrode  connected  with  a 
resa-voir  solution  to  permit  flushing  the  tip  of  the  electrode,  and  a  glass 
stirrer  operated  by  a  motor.  These  two  electrodes  dipped  into  the  solu- 
tion which  was  to  be  titrated.  The  e.  m.  f.  of  this  cell  was  balanced 
against  a  variable  fraction  of  the  e.  m.  f.  of  a  pair  of  dry  cells.  This  was 
compared  with  a  standard  cell  so  that  actual  potentials  for  this  cell  could 
be  read.  A  potentiometer  manufactm-ed  by  Leeds  and  Northrup  was 
used  for  this  purpose.  It  was  possible  to  read  o.i  millivolt  and  to  esti- 
mate to  o.oi  nnllivolt.  The  weights,  burets,  and  flasks  were  carefully 
standardized. 

To  study  the  character  of  the  end-point,  we  at  first  employed  a  0.005 
N  solution  of  permanganate  and  a  solution  of  ferrocyanide  of  correspond- 
ing strength.  As  would  be  expected  a  gradual  increase  in  potential 
occurs  during  the  oxidation  of  ferrocyanide,  due  to  the  increase  in  con- 
centration of  ferricyanide  ion,  but  this  does  not  interfere  with  the  detec- 
1  Z.  anorg.  Chem.,  24,  225  (1900). 

•  Tms  Journal,  35, 869  (1913). 
» Ibid.,  as,  1527  (1913). 
*/W<i.,  39,  1 145  (1917). 
»/«a..  38,341  (1916). 

•  /.  Ind.  Eng.  Chem.,  8,  719  (1916). 
''Ibid.,  10,  19  (1918). 

•  Loc,  cit. 
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tion  of  the  end-point,  the  appearance  of  which  is  attended  by  a  large 
change  in  potential.  This  last  change  is  due  to  the  presence  of  perman- 
ganate ion.    Table  T  shows  such  titration.     In  the  example  given,  per- 

Tabls  I. 

Titration  of  Potassium  Perrocyanide  and  Permanganate  Solutions  Approximately 

0.005  ^'    Volume  250  cc.    40  cc.  of  Sulfuric  Add  (Sp.  Gr.  1.58). 

Temperatiu-e,  25**. 

E.  M.  F. 


K4l'e(CN)^ 
52.07 


52.77 
53.41 
53.46 
53.51 
53.56 


53.61 


KMnOi. 
Cc. 

O 

49.18 

49  38 

49.68 

51.95 

52.15 

52.25 

52.45 

52.55 


52.60 


52.64 


54." 


53.66 


Change. 

o 
49.18 
0.20 
0.30 
2.27 
0.20 
O.IO 

0.20 

O.IO 


0.05 


0.04 


1.47 

0.70 
0.64 
0.05 
0.05 
0.05 


0.05 


0.05 


MiUivoIta. 
412 
522 
524 
525 
570 
583 
590 
619 
648 
662 
671 
680 
687 
705 
710 
720 
730 
739 
748 
770 
780 
788 
796 
800 
926 
928 
912 
904 
896 
882 
872 
863 
855 
845 
836 
818 
806 
780 
769 
758 
702 
690 
670 


Change 
inMv. 

O 

1 10 

2 
I 

45 

»3 

7 

29 

29 

»4 

9 

9 

7 

18 

5 

10 

10 

9 

9 

22 

10 

8 

8 

4 
126 

2 

16 
*  8 

8 

14 
10 

9 

8 

10 

9 
18 
12 
26 
II 
II 
56 
12 
20 


Time. 
Min. 


Total  change 
an  Mv. 


I 
2 
3 

4 
5 
I 

2 
3 
4 
5 
6 
10 
I 
2 
3 
4 


I 
I 
I 
2 
3 
4 
5 
6 
I 
2 
4 
5 
6 
12 
1 
3 


68 


52    end-point 


67    end-point 


32 
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manganate  was  added  to  the  end-point,  then  in  excess.  The  end-point 
was  then  found  by  adding  ferrocyanide,  followed  by  an  excess  of  this 
solution.  The  end-point  was  taken  as  the  point  of  greatest  potential 
change  in  5  minutes  for  each  like  volume  of  titrating  solution  added. 
The  two  titrations  gave  identical  results,  although  differences  of  the  order 
of  3  to  5  parts  in  1,000  were  sometimes  noted,  especially  with  the  amount 
of  sulfuric  add  used  in  this  experiment. 

Having  determined  the  nature  and  delicacy  of  the  end-point,  we  pro- 
ceeded to  work  with  stronger  solutions,  using  for  this  purpose  solutions 
of  permanganate  and  ferrocyanide,  which  were  approximately  0.05  N. 
One  cc.  of  the  permanganate  solution  by  standardization  against  Btu-eau 
of  Standards  sodium  oxalate  was  found  to  be  equivalent  to  0.003373  g. 
of  oxalate  or  0.02127  g*  of  hydrated  potassium  ferrocyanide. 

The  next  step  in  our  study  of  this  method  was  the  effect  of  the  concen- 
tration of  sulftuic  add.  From  the  work  of  Crotogino,^  one  would  expect 
a  high  concentration  of  add  to  produce  a  high  potential.  This  seems  to 
be  sui^>orted  by  other  work  which  we  have  done.  Obviously  the  lower 
limit  of  sulfuric  add  concentration  is  that  necessary  to  keep  the  products 
of  reaction  in  solution.  The  upper  limit  is  regulated  by  the  fact  that 
hi^  concentrations  of  sulfuric  add  cause  interfering  side  reactions.  The 
side  reactions  referred  to  are  the  decomposition  of  ferricyanide  by  sul- 
furic add,  giving  rise  to  hydrocyanic  add  as  one  of  the  products -followed 
by  reaction  with  permanganate.  The  occurrence  of  such  side  reactions 
was  indicated  in  a  variety  ot  ways  which  are  summarized  bdow: 

1.  The  increased  consumption  of  permanganate  when  the  titration  was 
carried  out  by  adding  ferrocyanide  to  a  permanganate  solution.  In  this 
case  a  high  concentration  of  permanganate  was  available  for  reaction  with 
the  decomposition  products  of  the  ferricyanide,  as  it  was  formed. 

2.  The  amount  of  permanganate  consumed  in  excess  of  the  theoretical 
quantity  increased  with  the  concentration  of  permanganate,  sulfuric  add 
and  ferricyanide,  and  with  an  increase  in  temperature.  When  ferrocy- 
anide was  titrated  with  permanganate,  this  effect  was  not  noticeable, 
even  when  the  concentration  of  sulfuric  add  was  high,  probably  because 
the  speed  of  the  reaction  between  ferrocyanide  and  permanganate  was  so 
mudi  greater  than  that  between  permanganate  and  the  decomposition 
products  of  the  ferricyanide.  When  the  concentration  of  sulfuric  add 
was  low,  the  consumption  of  permanganate  on  titrating  this  with  ferro- 
cyanide was  normal.  2.5  cc.  of  sulfuric  add  (sp.  gr.  1.58)  in  a  volume  of 
250  cc  of  solution  required  two  parts  in  one  thousand  more  of  perman- 
ganate when  the  ferrocyanide  was  added  to  the  permanganate,  than 
when  the  reverse  operation  was  performed.  With  5  cc.  of  add,  the  dif- 
ference was  3  parts  in  1,000,  but  with  40  cc.  of  add,  it  rose  to  7  parts. 

'  Loc.  cit. 


Digitized  by 


GooQle 


1780  G.   h.   KELLEY  AND  R.  T.   BOHN. 

The  presence  of  ferricyanide  in  addition  to  that  produced  in  the  reaction 
had  a  marked  effect  when  the  ferrocyanide  solution  was  added  to  a  solu- 
tion containing  ferricyanide,  together  with  permanganate  and  40  ca  of 
sulfuric  acid.  It  had  almost  no  effect  when  the  sulfuric  add  present 
was  2.5  cc. 

3.  The  presence  of  ferricyanide  in  ferrocyanide  sdution  had  almost  no 
effect,  upon  the  titration  of  the  ferrocyanide  with  permanganate  in  all 
moderate  concentrations  of  sulfuric  acid. 

4.  On  warming  a  solution  of  ferricyanide  containing  sulfuric  add,  the 
odor  of  hydrocyanic  add  could  be  detected. 

5.  On  titrating  a  warm  solution  of  permanganate  and  sulfuric  add 
with  ferrocyanide,  the  consumption  of  permanganate  was  too  large. 

The  foregoing  statements  indicate  that  error  will  follow  the  use  of 

concentrations  of  sulfuric  add  greater  than  5  cc.  in  250  cc.  volume  when 

permanganate  is  titrated  with  ferrocyanide,  and  indicates  likewise  that 

some  danger  attends  the  use  of  the  higher  concentrations  of  sulfuric  add 

in  the  reverse  titrations.    These  statements  are  illustrated,  in  part,  in 

Table  II. 

Table  II. 

Effect  of  Temperature,  Sulfuric  Add  and  Potassium  Ferricyanide  on  the  Titration 

of  Ferrocyanide  with  Permanganate  and  on  the  Reverse  Titration. 

Volume  250  cc.     Solutions  Approximately  0.05  N, 

Temperature  25**. 

HsSOi  sp.  gr.  1 .58.  Solution  Potassium  fcrrfc-  Permanganate  ferro- 

Cc.  titrated.  cyanide  added.     G.  C3ranide  ratio. 

2.5  KMnOi  none  i.oii 

2 .5  K4Fe(CN)e  none  1 .009 

5.0  KMn04  none  i.oii 

5.0  K4Fe(CN)6  none  1.008 

40.0  KMn04  none  i  .016 

40.0  K4Fe(CN)6  none  1.009 

2.5  KMn04  1.5  1.008 

2.5  K4Fe(CN)«  ;.5  1009 

40.0  KMnOi  none  1.035* 

40.0  KMn04  i.o  1. 102 

40.0  K4Fe(CN)e  i  .0  i  .010 

Table  II  shows  titration  of  0.05  N  solutions  with  2.5  cc  and  40  cc.  of 
sulfuric  add  present.  On  comparing  these  titrations  with  those  obtained 
on  titrating  0.005  N  solutions  with  40  cc.  of  sulfuric  add  present,  as  shown 
in  Table  I,  it  will  be  noted  that  the  change  of  potential  is  much  greater 
near  the  end-point  when  the  stronger  solutions  are  used.  With  0.05  N 
solutions  it  is  not  necessary  to  wait  more  than  two  minutes  to  determine 
the  end-point.  Table  III  also  exhibits  the  favorable  influence  of  a  low 
concentration  of  sulfuric  acid  on  this  titration. 
^Temp.  50  ^ 
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TjiBhn  III. 

Titration  of  Potassium  Permanganate  and  Ferrocyanide  Solutions,  Approximately 
0.05  N.    Volume  250  cc.     Temperature  25  **. 


UPt(CN)%. 

KMnOi. 

Change 

B.  M.  F. 

Change 

Time. 

Total 

Cc 

Cc. 

in  cc. 

miUivolts 

in  mT. 

Min. 

change. 

49.25 

0 

0 

250 

(2.5  CC.  H,S04 

Sp.  gr.    I 

.58) 

49.18 

49.18 

505 

255 

49.40 

0.22 

506 

I 

49.56 

0.16 

515 

9 

49.64 

0.08 

532 

17 

49.67 

0.03 

598 
650 
704 

66 
52 
54 

I 
2 

3 

753 

49 

4 

221 

49.87 

0.20 

850 

97 

49.25 

0 

0 

365 

(40  cc.  H1SO4  Sp.  gr^ 

1.58) 

49.18 

49.18 

583 

218 

49.28 

O.IO 

590 

7 

49.38 

O.IO 

600 

10 

49.48 

O.IO 

607 

7 

I 

49.57 

0.09 

618 

II 

I 

49.62 

0.05 

629 

II 

I 

49.66 

0.04 

652 

23 

I 

49.70 

0.04 

718 
732 
745 

66 
14 
13 

I 
2 
3 

761 

16 

4 

109 

One  of  the  products  of  the  reaction  is  manganous  sulfate.  We  investi- 
gated the  effect  of  increasing  the  concentration  of  this  salt.  As  a  result 
we  learned  that  a  moderate  increase  in  concentration  over  that  resulting 
from  the  reaction  caused  a  precipitate  of  manganous  ferricyanide,  which 
coated  the  electrode  and  seriously  interfered  with  the  titration  even  when 
the  concentration  of  sulfuric  add  was  high.  This  suggests  a  limit  to  the 
amount  of  ferrocyanide  which  can  be  titrated  in  this  volume.  This  limit 
corresponds  to  about  50  cc.  of  a  0.05  N  solution,  and  may  not  be  greatly 
exceeded. 

Large  concentrations  of  hydrochloric  acid  reacted  with  the  perman- 
ganate. With  less  than  one  cc.  of  cone,  hydrochloric  acid  in  a  volume  of 
250  cc.,  no  difficulty  was  experienced  when  ferrocyanide  was  titrated  with 
permanganate.  It  is  thus  shown  that  chlorides  in  moderate  amount  do 
not  interfere. 

The  substitution  of  potassium  dichromate  as  the  oxidizing  agent  for 
potassium  permanganate  was  unsuccessful.  This  reaction  requires  time 
and  high  temperature  for  its  completion.     It  was  therefore  abandoned. 

The  titration  shown  in  the  tables  given  in  this  paper  involved  about 
50  cc.  each  of  the  solutions.  We  have  also  titrated  smaller  volumes, 
including  some  as  small  as  2  cc.,  and  have  found  the  relation  between  the 
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solutions  to  be  the  same  within  the  same  limit  of  error  in  measuring, 
whether  dilute  or  strong  solutions  were  used.  The  method  is,  therefore 
available  for  the  determination  of  very  small  amounts  of  ferrocyanide, 
and  in  this  respect  it  corresponds  with  the  determination  of  small  amounts 
of  chromate  by  electrometric  titration  with  ferrous  sulfate  as  described 
by  one  of  us  elsewhere.^  The  question  as  to  the  correctness  of  the  end- 
point  which  we  have  taken  is  only  partly  answered  by  the  approximate 
coincidence  of  the  electrometric  end-point  and  the  appearance  of  the  color 
of  the  permanganic  add  because  of  the  diflSculty  in  noting  the 
point  at  which  the  change  of  color  occurs.  We  believe,  however, 
that  the  close  agreement  between  end-points  reached  by  titrating  ferro- 
cyanide with  permanganate  and  permanganate  with  ferrocyanide  is  fur- 
ther and*  confirming  evidence  of  the  correctness  of  the  end-point  and  that 
it  shows  that  there  is  no  need  for  a  blank  correction  in  this  titration  in 
work  corresponding  to  an  accuracy  of  one  part  in  500. 

Method  for  Determining  Ferrocyanide. 
About  one  g.  of  potassium  ferrocyanide  in  250  cc.  of  water  and  2.5  to 
5.0  cc.  of  sulfinic  add  of  sp.  gr.  1.58,  may  be  titrated  with  0.05  N  per- 
manganate. The  permanganate  should  be  standardized  against  Btu'eau 
of  Standards  sodiimi  oxalate.  Ferricyanide  does  not  interfere.  The 
titration  should  be  performed  by  adding  the  permanganate  slowly  with 
constant  mechanical  stirring  to  the  solution  of  ferrbcyanide.  A  small 
predpitate  may  form,  but  this  redissolves.  The  dectrometric  apparatus 
must  be  one  which  will  indicate  changes  in  potential  of  the  order  of  one 
millivolt.  This  condition  is  fulfilled  by  the  apparatus  described  by  Hil- 
debrand,^  and,  with  the  addition  of  a  voltmeter,  by  the  apparatus  de- 
scribed by  one  of  us.'  As  the  end-point  is  approached,  the  permanganate 
should  be  added  dropwise,  and  time  allowed  for  the  completion  of  the 
reaction.  This  is  illustrated  in  Table  I.  The  end-point  is  taken  as  the 
point  of  greatest  change  in  potential,  corresponding  to  the  addition  of 
equal  amoimts  of  the  permanganate  solution.  Should  too  much  perman- 
ganate be  added,  the  end-point  may  be  approached  from  the  opposite 
direction  by  adding  a  standard  solution  of  ferrocyanide.  The  concentra- 
tion of  permanganate  in  this  case  is  so  low  that  the  cautions  given  else- 
where in  this  paper  concerning  the  danger  of  titrating  permanganate 
with  ferrocyanide  are  not  applicable.  There  is  even  some  advantage  in 
titrating  in  this  way  in  that  in  this  titration,  as  in  most  others,  depending 
upon  a  change  in  oxidation  potential,  the  sharper  end-points  are  obtained 
when  the  dectrode  is  in  contact  with  the  oxidizing  solution.  Chloride 
in  amounts  equivalent  to  one  g.  of  sodium  chloride  do  not  interfere.    Any 

*  J.  Ind.  Eng.  Chem,,  9,  780  (191 7). 

*  Loc.  cit. 

*  /.  Ind,  Eng.  Chem.,  9,  780  (1917). 
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salts  which  under  the  conditions  produce  a  precipitate  with  either  ferro- 
or  ferricyanide  interfere. 

NiCSTOWN,   PHXI,AD8I«PHIA,   Pbnna. 


[Contribution  from  thb  Department  op  Chemistry  of  Princeton  University.] 

THE  VAPOR  PRESSURES  OF  MERCURY  IN  THE  RANGE  120^ 

TO  250  *". 

By  Alan  W.  C.  Menzies. 

Received  Augtist  20,  1919. 

In  a  former  paper^  it  was  pointed  out  that  the  values  foimd  by  various 
observers  for  the  vapor  pressiu-es  of  mercury  are  astonishingly  discordant. 
For  this  and  for  other  reasons  there  mentioned,  the  vapor  pressiu-es  were 
redetermined  at  that  time  over  the  temperatiu-e  range  250-435*^,  using 
the  static  isoteniscope.*  In  the  present  paper  a  report  is  made  of  mea- 
surements covering  the  range  120-250°,  using  two  McLeod  gages. 

The  Existing  Data. — The  more  important  observations  within  the 
range  stated  are  collected  in  Table  I,  in  which  the  observers'  names  are 


Table  I. 

Data  of  Other  Investigators 

Oboerver. 

Temp. 

Press,  calc. 
Press,  obs.       from  equation  R 
mm.  mercury,      mm.  mercury. 

Press.  diflF. 
Calc.  —  Obs. 
mm.  mercury. 

?f^:x'~- 

G 

248 

71.39 

70.29 

— 1. 10 

101.6 

G 

245 

68.42 

64.89 

—3.53 

103.0 

y 

236.9 

51.85 

52.03 

+0.18 

99.6 

G 

236 

51.58 

50.72 

—0.86 

ior.7 

G 

230.5 

46.49 

43.21 

—3.28 

107.5 

G 

224.5 

38.82 

36.56 

— 2.26 

106.2 

G 

207 

21.07 

21.53 

+0.46 

97.9 

H 

206.9 

22.58 

21.47 

— I  .11 

105.2 

H 

203.0 

20.35 

18.97 

-1.38 

107.3 

H 

190.4 

12.89 

12.54 

—0.35 

103.0 

G 

188 

12.51 

II  .56 

—0.95 

108.2 

H 

184.7 

II  .04 

10.32 

— 0.72 

107.0 

Y 

183.8 

9.94 

10.00 

+0.06 

99.4 

Y 

183.7 

9.85 

9.97 

+0.12 

98.8 

RY 

183.4 

9.87 

9.87 

— 0.00 

100. 0 

H 

177.4 

8.20 

7.98 

— 0.22 

102.7 

G 

176.5 

8.22 

7.73 

—0.49 

106.4 

H 

165.8 

5.52 

5.22 

—0.30       • 

104.3 

G 

157.5 

3.93 

3.72 

— 0.21 

105.7 

H 

154. » 

3.49 

3.33 

— 0.16 

104.9 

G 

lag 

1. 00 

1. 14 

—0.14 

87.4 

'  Smith  and  Menzies,  Tms  Journal,  32,  1434  (1910). 
•  Tms  Journal,  32,  1412  (1910). 
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abbreviated  thus,  Young^  Y,  Ramsay  and  Young'  RY,  Hertz*  H,  Geb- 
hardt*  G.  The  "calculated**  values  are  those  given  by  the  equation 
*'R"  published  in  1910,*  and  jrield,  at  least,  a  smooth  curve  to  serve  for 
purposes  of  comparison.  The  amounts  of  discrepancy  are  tabtdated  in 
the  fourth  column  in  mm.  of  mercury,  and,  in  the  fifth  cdiumn,  are  made 
evident  by  a  percentage  comparison. 

The  Method  Employed. — ^The  static  isoteniscope  is  not  especially 
well  suited  for  the  measiu-ement  of  the  rather  low  vapor  pressinres  with 
which  we  are  here  concerned,  and  an  entirely  new  plan  was  therefore 
adopted.    Two  McLeod  gages,  G  and  G'  in  the  diagram  (Fig.  i),  of  suit- 


PUMP  ^■'V^ 


&-fo 


TO 


MP 


Fig.  I. 

able  capacities  were  constructed  and  calibrated.  These  were  connected 
with  each  other  and  with  the  reservoir  A  and  also,  through  a  mercury 
seal,  with  a  soiurce  of  piu-e  dry  hydrogen  and  with  a  vacuum  pump.  The 
gage  G'  was  completdy  immersed  in  an  oil  bath,  fitted  with  an  arrange- 
ment for  violent  stirring,*  while  the  gage  G  and  the  reservoir  A  were 
inmiersed  in  water  baths  at  room  temperature.  By  successively  admit- 
ting and  pumping  out  dry  hydrogen,  heating  the  glass  meanwhile,  the 
apparatus  could  be  filled  with  this  gas,  whose  pressiu-e  could  finally  be 
made  whatever  was  desired  prior  to  closing  the  mercury  seal.  If  not 
already  done  to  assist  in  the  removal  of  adsorbed  substances,  the  gage 
G'  was  raised  to  the  desired  temperature,  ascertained  by  a  completely 
immersed  mercurial  thermometer  of  known  corrections.  Both  gages 
were  then  operated  simultaneously,  and,  because  of  the  condensation  on 
compression  of  the  saturated  merciuy  vapor  in  G',  gave  different  read- 
ings, from  which  the  required  vapor  pressiu'e  could  be  calculated.    In 

'  /.  Chem.  Soc.,  59, 629  (1891). 

« Ibid.,  49»  37  (1886). 

*Ann.  Physik,   [3]  17,  193  (1882). 

*  Ber.  physik,  Ges,,  7, 184  (1905);  Dissertation,  Erlangen,  1903. 

*  Loc.  cit. 

*  Cf.  Tras  Journal,  32,  1421  (1910). 
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all  cases,  equilibrium  had  already  become  established  even  at  the  first 
reading. 

This  method  is  applicable,  not  only  to  mercury,  but  to  other  sub- 
stances whose  saturated  vapors  may  be  suitably  introduced  into  the  G' 
gage  over  either  mercury,  fusible  metal  or  other  liquid. 

Reduction  of  Observations. — As  identical  results  for  the  vapor  pres- 
sure of  mercury  were  obtained  with  different  pressures  of  hydrogen,  it 
may  be  assumed  that,  in  these  experiments,  the  total  pressture  P  in  the 
cold  gage  is  identical  with  that  in  the  hot  gage  before  the  operation  of 
the  gages,  within  the  experimental  error.  Because  the  gas  presstu-es 
meastu-ed  are  not  negligibly  small  as  compared  with  the  presstu'e  due 
to  the  mercury  column  of  the  gage,  the  ordinary  formula  used  for  McLeod 
gages  will  not  apply  strictly.  Instead,  if  V  is  the  total  volume  of  the 
gage,  V  the  volume  of  the  compressed  gas  trapped  in  the  gage  capillary, 
/  the  height  in  mm.  of  the  mercury  column  chiefly  responsible  for  the 
compression,  and  P  the  pressure  in  mm.  of  merciuy  of  the  gas  in  the 
reservoir  A,  which  it  is  desired  to  measure,  one  may  state  P/{1  +  P)  = 
v/V;  or  P  =  lv/{V  —  v).  This  equation  was  used  for  the  cold  gage  G, 
where  the  vapor  pressure  of  mercury  was  almost  negligible. 

In  the  hot  gage  G',  the  pressure  P,  prior  to  the  act  of  compression,  is 
made  up  of  [Hg]  the  vapor  pressiwe  of  mercury  and  [H2]  the  partial 
pressure  of  hydrogen,  whence  [Hj]  =  P  —  [Hg].  After  compression, 
the  pressm-e  in  the  gage  capillary  is  made  up  of  [Hg],  as  before,  plus 
[Hj]  X  V'/v'  and  this  total  pressure  is  also  equal  to  that  of  the  mercury 
head  /'  plus  P.    Thus 

P  +  r=  [Hg]-|.  {P-[Hg]}  X^ 

or, 


V'  —  v'       V  —  v       V'  —  v' 
which  gives  the  required  vapor  pressure  of  mercury. 

Precautions  to  Secure  Accuracy. — The  hot  gage  must  be  suflSciently 
compact  in  construction  to  make  possible  immersion  in  the  oil  bath;  but 
the  cold  gage  may  be  practically  as  large  as  desired.  The  cold  gage 
reading  can  thus,  ordinarily,  be  of  much  higher  accuracy.  Since  the 
last  equation  above  shows  that  the  hot  gage  reading  is  to  be  subtracted 
from  the  cold  gage  reading  to  obtain  the  result,  it  will  obviously  be  best  to 
arrange  to  have  the  hot  gage  reading  relatively  rather  small,  thus  reduc- 
ing its  errors  to  a  secondary  order.  This  can  be  effected  by  adjusting 
the  hydrogen  pressure  in  the  apparatus  to  have  a  value  not  much  larger 
than  the  anticipated  vapor  pressiure.  Again,  it  should  be  borne  in  mind 
that  a  McLeod  gage  reads  most  accurately  for  the  highest  pressiu-es 
that  it  will  record.    The  operation  of  cutting  off  or  trapping  the  gage 
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gas  should  be  performed  very  slowly.  The  readings  of  heights  of  mer- 
cury columns  should,  of  coiu-se,  be  suitably  reduced  for  temperatiu-e  and 
gravitation.  A  small  correction,  based  on  equation  "R,"  was  applied  to 
correct  for  the  mercury  vapor  present  in  the  cold  gage.^ 

Measurements  Made. — ^The  mercury  employed  was  piuified  by  the 
customary  methods.'  There  was  no  evidence  that  it  dissolved  hydrogen 
appreciably.  In  such  a  case  as  the  present  one,  all  that  is  necessary  is 
the  determination  of  a  very  few  points.  Thermometry  in  agreement  to 
o.i®  with  the  191 4  scale  of  the  Reichsanstalt  was  available  only  up  to 
200**,  and  the  3  points  selected  are,  therefore,  below  this  temperatiu^. 
The  "calculated"  values  in  Table  II  below  are  those  obtained  from  the 
equation 

log  p  =  99073436  —  3276.638/e  —  0.6519904  logo  (R) 

which  was  based  on  measiurements  between  250°  and  435°  and  pub- 
lished in  19 10.'  The  values  in  the  fifth  column,  which  give  the  per- 
centage change  in  pressure  that  would  be  caused  by  a  temperature  change 
of  o.i  ®,  are  also  derived  from  this  equation.  From  the  values  of  the  pres- 
sure of  hydrogen  in  the  reservoir,  tabulated  imder  P,  one  can  see  that,  in 
these  experiments,  the  accuracy  to  be  expected  is  greatest  at  19 1.5®  and 
least  at  121.8°,  for  reasons  mentioned  in  a  preceding  paragraph. 


Table  II. 

Details  of  Observations. 

Temperature. 

Vapor  pressure  in 

mm.  mercury  at  0*.           t»«„«^ 
. .    Found 

Found.               Calc.  from  R.     Calc.    ^  *""' 

Percentage  change 
0.1«»  calc  from  R. 

P. 

191.5^ 

13.02                      13.02                  100 

0  34 

14.28 

isoo** 

2.^02                       2. 81 1                  99.67 

0.39 

3.564 

121.8** 

0.829                      0.823                100.75 

0.47 

1.738 

At  191.5°  the  agreement  between  the  found  and  calculated  values  is 
only  apparently  perfect,  for  the  temperature  scales  concerned  differ  by 
several  himdredths  of  a  degree  at  this  point.*  This  disagreement  between 
the  found  and  the  calculated  values,  however,  is  in  no  case  greater  than 
the  estimated  experimental  error. 

Conclusions. 

The  measurements  here  reported,  therefore,  indicate  that  the  vapor 
pressures  of  mercury  between  120°  and  250°  may  be  represented,  prob- 
ably to  within  1%  of  their  own  values,  by  the  same  equation  '*R,"  with- 
out the  need  of  any  modification  meantime,  that  was  adapted  to  fit 
^  It  should,  perhaps,  be  mentioned  that,  at  the  pressures  and  compressions  used, 
the  divergence  of  hydrogen  from  the  simple  gas  law  gives  rise  to  errors  of  an  order 
here  quite  negligible.     Possible  systematic  error  is  being  further  investigated. 

*  Cf.  Tms  Journal,  3^1  1439  (1910). 

*  Ibid,,  32, 1441  (1910). 

*  Ibid.,  32, 1440  (1910). 
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the  experimental  values  formerly  fomid  in  the  range  250*^  to  435**.  The 
difference  between  the  temperature  scales  employed  in  19 10  and  in  the 
present  work  is  within  the  experimental  error. 

Measurements  by  this  method  may  be  extended  to  lower  temperatures; 
and  the  precision  here  attained  may  be  improved  with  respect  to  pressure 
as  well  as  to  temperature.  But  such  further  measurements  by  this 
method  are  perhaps  unnecessary  in  view  of  the  greater  simplicity  of 
another  method,  applicable  to  this  and  to  many  other  cases,  giving  results 
which  it  is  hoped  will  be  published  later. 

Summary. 

(i)  A  method  adapted  to  the  measurement  of  rather  low  vapor  pres- 
sures has  been  described,  involving  the  use  of  two  McLeod  gages,  hot 
and  cold,  respectively. 

(2)  This  method  has  been  applied  to  the  case  of  mercury,  and  it  has 
been  shown  that  the  equation  connecting  pressure  and  temperature  pub- 
lished in  1910  to  cover  the  range  250®  to  453°  may  be  applied,  without 
modification  of  its  constants,  over  the  rcmge  120°  to  250°. 

PWNCRTOK,    N.   J. 
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POTENTIALS    OF   THE   ZINC    AND    CADMIUM    ELECTRODES. 

By  W.  Grenville  Horsch. 

Received  August  20,  1919. 

Normal  electrode  potential  has  been  defined*  as  the  electromotive 
force  of  a  reversible  electrode  of  the  pure  element  against  a  solution  in 
which  the  ion  of  the  element  is  (hjrpothetical)  molal.  This  paper  pre- 
sents determinations  of  the  normal  electrode  potentials  of  zinc  and  cad- 
mitmi  referred  to  the  potential  of  the  normal  hydrogen  electrode  as  zero. 

In  a  previous,  unpublished  research^  a  value  for  the  electrode  potential 
of  zinc  was  obtained,  based  upon  measurements  of  cells  containing  sulfate 
solutions  as  electrolytes.  The  electromotive  force  of  cells  of  the  type 
Zn;  ZnS04:  HgiS04:  Hg  was  measured^  where  the  zinc  sulfate  solutions 
ranged  in  concentration  from  0.005  M  up  to  o.i  M.  Using  the  method 
of  calculation  employed  by  Lewis  and  Lacey*  to  obtain  the  potential  of 
the  copper  electrode,  and  their  value  of  the  electromotive  force  corre- 
sponding to  the  free  energy  of  formation  of  mercurous  sulfate,  the  value 
0.76  volt  was  obtained  as   the  potential  of  the  zinc  electrode.     It  was 

*  Lewis,  This  Journal,  35,  22  (1913);  36, 1972  (footnote)  (1914). 

*  W.  G.  Horsch,  Thesis  for  the  degree  of  S.M.,  Univ.  of  Calif.,  1916. 

*  Molal  concn.  of  ZnS04  soln.,    0.005    o.oio    0.020    0.030    0.070    o.ioo 
Electromotive  force,  15195  i-5i44  i -5054  1-4988  1.4880  1.4830 

*  Tms  JouRNAi*,  26,  804  (19 14). 
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estimated  that  the  value  of  the  potential  thus  obtained  might  contain 
an  error  as  great  as  o.oi  volt.* 

Because  of  the  tmsatisfactory  nature  of  mercurous  sulfate,  some  other 
insoluble  sulfate  was  sought,  the  properties  of  which  made  it  more  suit- 
able for  use  in  a  reference  electrode.  The  only  substance  appeared  to 
be  lead  sulfate,  which  possesses  the  advantage  of  having  Vio  the  solubility 
of  mercurous  sulfate.  Accordingly,  experiments  were  tried,  using  elec- 
trodes consisting  of  solid  lead  sulfate  in  contact  with  a  Uquid  containing 
i%lead.  Cells  of  the  type  Hg:  HetOS4:  ZnS04(o.04M) :  PbSOiPbfamalg.), 
were  measured,  in  which  two  mercurous  sulf  ate-merctuy  electrodes  and  two 
lead  sulfate-lead  electrodes  dipped  into  the  same  intermediate  vessel. 
The  former  two  differed  from  eacji  other  by  less  than  0.000 1  volt;  the  lat- 
ter two  differed  by  0.0004  to  o.ooio  volt.  Moreover,  the  measurements 
were  unsatisfactory  for  the  further  reason  that  the  electromotive  force 
of  the  cell  fell  ofif  rapidly  with  the  time;  thus  the  electromotive  force  of 
the  cell  changed  from  0.954  to  0.946  volt  in  18  hours.  Lead  sulfate-lead 
against  zinc  in  zinc  sulfate  solutions  gave  a  continually  rising  electro- 
motive force,  while  mercurous  sulfate-mercury  against  zinc  sulfate  solu- 
tions remained  constant  over  long  periods.  Even  greater  inconstancy 
was  found  by  Lewis  and  Brighton^  who  used  cells  which  consisted  of 
hydrogen,  sulfuric  add,  lead  sulfate  in  sulfuric  add,  lead.  The  attempted 
use  of  an  especially  designed  dectrode  in  which  the  contact  surface  be- 
tween the  amalgam  and  the  solution  could  be  renewed  continuously  or  at 
will  proved  tmsuccessful.    It  was  therefore  evident  that  sulfates  could 

^  The  uncertainty  of  this  value  is  attributed  to  the  mercurous  sulfate.  Thus, 
measurements  of  the  electromotive  force  of  the  cell  Zn,  ZnSO^,  HgiSOi,  Hg  at  two 
different  concentrations  of  zinc  sulfate  solution  should  enable  us  to  calculate  the  free 
energy  of  dilution  of  zinc  sulfate  solution.  The  free  energy  of  dilution  may  be  calculated 
also  from  freezing-pdnt  data.  The  values  obtained  by  the  two  methods  (using  freezing- 
point  data  of  H.  Hausrath  (Ann,  Physik,  [4]  9, 550  (1902)),  do  not  agree,  but  differ  by 
an  amount  corresponding  to  0.005  to  0.008  volt.  This  discrepancy  is  greater  than  can 
be  attributed  to  the  error  in  either  the  freezing-point  data  or  the  electromotive-force 
measurements,  and  is  due  partly  to  the  solubility  of  mercurous  sulfate.  The  solubility 
in  pure  water  is  0.0013  M  at  25  ^,  so  that  the  amount  of  sulfate  ion  contributed  by  the 
mercurous  sulfate  becomes  an  important  factor  in  the  dil.  zinc  sulfate  solutions.  Mer- 
curous sulfate  turns  yellow  and  then  light  brown,  as  the  zinc  sulfate  solution  with  which 
it  is  in  contact  becomes  more  and  more  dilute.  The  action  is  hastened  by  light,  but 
is  prevented  by  a  smaU  concentration  of  add.  According  to  Wright  and  Thompson 
{Phil.  Mag.,  [5]  19,  29  (1885)),  zinc  sulfate  solution  renders  the  mercurous  sulfate  more 
soluble;  for  example,  in  a  sattu-ated  solution  of  zinc  sulfate,  the  mercurous  sulfate  had 
3  times  its  solubility  in  ptne  water.  These  considerations  indicate  that  in  dil.  sulfate 
solutions  the  activity  of  the  zinc  ions  is  affected  by  the  presence  of  the  mercurous 
sulfate.  In  obtaining  the  normal  potential  against  hydrogen  the  calculation  was  based 
on  the  assumption  that  the  mercurous  sulfate  had  the  same  thermodynamic  properties 
in  acid  as  in  dil.  zinc  sulfate  solution. 

*  This  Journal,  39,  1908  (1917)- 
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not  be  employed  in  the  cells  if  accurate  values  of  the  electrode  potentials 
of  zinc  and  cadmitun  were  desired. 

Experiments  were  tried  next  with  chlorides.  Measurements  of  cells 
of  the  type  M:MCl2:AgCl:Ag,  (A)  and  H.:  HCKo.oiM) :  AgCl;  Ag.  (B) 
where  M  represents  zinc  or  cadmium,  were  found  to  give  entirely  satis- 
factory results  in  respect  to  constancy  and  reproducibility.  It  is  these 
measurements  which  form  the  basis  of  the  electrode  potentials  which 
are  presented  in  this  paper.  The  electromotive  force  of  (B)  enables  us 
to  calculate  the  electromotive  force  corresponding  to  the  free  energy  of 
formation  of  AgCl  in  (hjrpothetical)  molal  H+  and  CI"".  This  value, 
together  with  the  electromotive  force  of  (A)  in  a  solution  so  dilute  that 
we  may  get  the  activity  of  M++,  enables  us  to  calculate  the  potential  of 
M  against  (hjrpothetical)  molal  M"^"^. 

Work  of  Other  Investigators. — H.  Jahn^  determined  the  electromotive 
force  of  the  cell  Zn  (amalgamated  rod)  ZnCU  (c);  AgCl;  Ag,  in  concen- 
trations of  ZnClj  from  0.556-2.22  M;  these  will  be  tabulated  along  with 
the  author's  own  values  for  zinc.  H.  M.  Goodwin*  measured  the  elec- 
tromotive force  of  concentration  cells  of  the  type 

Cd.  CdCl2  (ci);  AgCl,  Ag,  AgQ;  CdCl,  (c,),  Cd 
Zn,  ZnCl2  (ci) ;  AgCl,  Ag,  AgCl;  ZnCl.  (c),  ZB 
in  a  few  concentrations  ranging  from  0.001-0.2  M.  The  electromotive 
forces  of  a  few  cells  in  which  Cd  was  placed  against  AgCl.  Ag  in  CdClj 
were  measured  by  Wright  and  Thompson*  and  by  E.  Biron  and  B. 
Afanassjew.*  Those  of  the  former  were  all  carried  out  in  solutions  of 
concentration  greater  than  about  0.05  M.  Details  of  the  work  of  the 
latter  two  investigators  could  not  be  obtained. 

Apparatus. 

Potentiometer. — Measurements  of  electromotive  force  were  made 
with  a  potentiometer  of  the  decade-box  type,  which  has  been  in  use  in 
this  laboratory  for  several  years.  A  complete  description  is  given  in  a 
recent  paper  by  Lewis,  Brighton  and  Sebastian.^  The  potentiometer  and 
all  conductors  connected  therewith  were  thoroughly  protected  from  stray 
electric  eflfects  by  a  conducting  shield,  according  to  .the  method  recom- 
mended by  White.*  By  the  use  of  paraflSned  glass  tubes  for  supports, 
all  parts  of  the  potentiometer  system,  including  wires  leading  to  the 
cells  and  to  the  galvanometer,  possessed  a  high  degree  of  instilation. 

Oil  Bath. — All  the  cells  when  being  measured  were  immersed  in  an 

*  Wied.  Ann.,  28,  21-43,  491-7  (1886). 
»  Z.  pkysik.  Ckem.,  13,  577-^56  (1894). 
*Phil.  Mag..  [5I  19,  106  (1885). 

*  J.  Russ.  Phys.  Chem.  Soc,  41,  1175-82  (1909). 
'  This  Journal,  39,  2246  (191 7). 

• /Wrf.,  36,  201 1  (1914)- 
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oil  bath  which  was  maintained  at  a  temperature  of  25^*^.0 1  by  means  of 
an  electric  heater  and  an  electrically  operated  thermostat. 

Cells. — Two  types  of  cell  were  used.     For  the  meastu-ements  with 
the  more  concentrated  electrolytes  was  employed  the  ordinary  **half ' 
cell,  so  common  in  electromotive  force  work.    It  consisted  of  a  glass  tube 
about  2  cm.  in  diameter  and  15  cm.  in  height,  closed  at  the  bottom,  and 
with  a  side  arm  opening  from  it  near  the  middle.    The  metal  of  which 
the  e.  m.  f.  was  desired  was  placed  in  the  bottom  of  the  tube  and  con- 
tact made  by  means  of  a  sealed-in  platinum 
wire.    The  slight  solubility  of  silver  chloride, 
and  the  form  of  the  silver-silver  chloride  elec- 
^  trode  (to  be  described  presently)  made  it  pos- 
sible to  insert  the  latter  in  the  upper  part  of 
the  same  chamber  with  the  zinc  or  cadmium. 
The  "half  therefore  became  a  complete  cell 
in  itself.     For  the  purpose  of  intercomparison 
several  of  these  units  could  be  connected,  by 
means  of  the  side  arm,  with  a  common  inter- 
mediate vessel.    Where  this  was  unnecessary, 
the  side  arm  was  closed  to  prevent  evapora- 
tion and  was  used  merely  as  a  means  of  sup- 
port. 

For  work  with  dilute  solutions,  a  special  cell 
(Fig.  i)  was  designed  which  permitted  the  cir- 
culation of  fresh  electrolyte  through  it  while  it 
was  in  the  oil  bath.  Each  complete  cell  of  this 
tjrpe  carried  two  metal  electrodes,  B  and  D,  and 

r  li^     I 

one  silver-silver  chloride  reference  electrode, 
C.  A  small  supply  of  electrolyte,  carried  in  the  dropping  funnel  A, 
could  be  allowed  to  flow  down  when  desired,  washing,  in  turn,  the  elec- 
trode surfaces  at  B,  C,  and  D,  finally  passing  out  through  the  waste- 
tube,  E.  Contact  with  the  potentiometer  leads  was  made  by  means  of 
mercury  placed  in  the  tubes  Fi,  Fj,  and  G,  in  the  lower  ends  of  which 
platinum  wires  were  sealed. 

Preparation  of  Materials. 
Standard  Metal  Electrodes. — Finely  divided  metals,  cadmium  and 
zinc,  produced  by  rapid  electrolysis  of  the  chloride  solution,  were  used. 
A  rod  of  the  pure  metal  served  as  anode,  and  a  platinum  spiral  as  cathode 
in  this  electrolysis.  Varjdng  the  current  density  at  which  the  metal  was 
deposited  had  no  effect  on  the  electromotive  force  exhibited  by  the  metal, 
except  that  with  very  high  current  density  the  deposited  metal  became 
so  spongy  as  to  pack  together  and  thereby  prevent  efficient  washing. 
With  a  platinum  spiral  containing  about  20  cm.  of  No.  18  B.  &  S.  gage 
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wire  the  current  employed  was  0.25  to  0.50  ampere.  The  tree-like  deposit 
was  shaken  from  this  cathode  from  time  to  time,  and  when  sufficient 
amount  had  been  obtained  in  the  bottom  of  the  beaker  in  which  the 
electrolysis  was  conducted,  it  was  removed  and  washed. 

Liquid  Amalgams  of  both  zinc  and  cadmium  were  prepared.  These 
contained  3.6%  zinc  and  4.6%  cadmiimi,  respectively.  Weighed  amounts 
of  zinc  (or  cadmitun)  and  mercury  were  enclosed  in  an  evacuated  tube 
and  heated  in  a  steam  bath  tmtil  the  solid  had  dissolved.  The  mixture 
was  shaken  occasionally  to  hasten  the  process  and  after  the  solid  had 
disappeared  a  thorough  shaking  was  given  to  insure  homogeneity.  Cad- 
mium amalgam  gave  excellent  results  in  all  concentrations  of  cadmitmi 
chloride  solution  from  sattu-ation  down  to  0.0001  M.  The  zinc  amal- 
gam prepared  did  not  give  a  steady  electromotive  force  in  zinc  chloride 
solution  of  any  concentration.  It  was  fotmd,  however,  that  finely  divided 
zinc  worked  satisfactorily  in  solutions  as  dilute  as  0.0003  M.  Therefore, 
while  there  is  no  serious  doubt  as  to  the  ability  of  zinc  amalgam  to  give 
reproducible  results,  a  study  of  its  apparently  anomalous  behavior  was 
given  up,  and  the  ptu*e  (spongy)  zinc  used  directly. 

Cadmium  Chloride  solutions  were  prepared  by  weighing  out  the 
proper  amounts  of  water  and  of  a  stock  solution  of  cadmium  chloride  of 
known  concentration.  This  stock  solution  was  prepared  by  dissolving 
very  ptu^,  crystalline  cadmium  chloride  in  "conductivity"  water.  The 
concentration  was  determined  by  5  analyses,  using  the  silver  chloride 
precipitation  method. 

Zinc  Chloride  solutions  were  prepared  likewise  by  diluting  a  stock 
solution  of  zinc  chloride.  In  this  case,  however,  pure  zinc  chloride  was 
not  available,  so  that  a  zinc  chloride  solution  was  prepared  as  follows: 
Pure  hydrogen  chloride  was  obtained  by  dropping  pure,  cone,  sulfuric 
add  slowly  into  pure,  cone,  hydrochloric  add.  The  gas  was  absorbed 
in  conductivity  water  until  the  concentration  was  about  0.5  molal.  An 
excess  of  spongy  zinc,  carefully  washed,  was  then  added  to  this  add  solu- 
tion and  the  mixture  warmed  gently  until  no  further  zinc  would  dissolve. 
This  solution  reddened  litmus  slowly.  The  solution  was  then  filtered 
to  remove  the  excess  zinc  and  the  filtrate  diluted  to  about  0.15  Af,  an- 
alyzed (as  in  the  case  of  cadmium  chloride),  and  employed  as  a  stock 
solution. 

Silver-Silver  Chloride  Electrodes  were  prepared  according  to  the 
method  already  employed  successfully  by  Brighton^  working  in  this  lab- 
oratory. Flat  platinum  gauze,  about  2X1  cm.,  was  fastened  to  the 
end  of  a  platinum  wire,  which  in  turn  was  sealed  into  the  lower  end  of 
a  glass  tube  of  about  4  mm.  inside  diameter.  The  gauze  was  plated 
with  silver  from  a  silver  cyanide  bath,  and  then  the  silver  chloride  formed 
*  Lewis  and  Brighton,  Loc.  cit. 
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as  a  dark  deposit  by  tising  the  silver  as  anode  in  a  dil.  soditim  chloride 
solution  to  which  a  small  amount  of  hydrochloric  add  had  been  added. 

Experimental  Results. 
Amalgam  vs.  Pure  Cadmium. — Three  samples  of  cadmium  amalgam 
were  taken,  representing  approximately  the  first,  middle  and  last  por- 
tions drawn  from  the  storage  tube.  The  electromotive  force  of  these 
against  ptue  cadmium  was  obtained  by  meastu^ments  of  a  cell  containing 
the  amalgam  in  one  arm  and  ptue  cadmium  in  the  other,  the  electrolyte 
throughout  being  0.5  M  cadmium  chloride  solution.^  The  finely  divided 
cadmium  did  not  give  concordant  or  constant  results  in  dil.  cadmium 
chloride  solutions,  but  in  0.5  M  concentration  the  agreement  was  excel- 
lent. The  cells  were  kept  in  the  bath  from  2  to  5  day^,  and  in  each  case 
the  electromotive  force  varied  by  less  than  0.000 1  volt  during  the  whole 
period.    The  results  are  as  follows : 

Portion.  E  in  volts. 

First o  .0536 

Middle o  .0534 

Last 0.0533 

Taking  the  average  of  these  values  we  obtain 

Cd(amalgam):  Cd++:  2CI-:  Cd;  E  =  — 0.0534  volt. 

Tablb  I. 

E.  M.  F.  of  the  CeU  H,(/>):  HCl(o.oi  M):  AgCl,  Ag. 

E»  E* 

(observed).  Barom.  Press.  (corrected  to  1  atm.). 

Electrode.  Volt.  (Mm.  Hg  at  0^)  Volt. 

1 0.4660  751-4  0.4666 

2 0.4659  751 -4  0.4665 

4 0.4655  751.4  0.4661 

4 0.4666  751.7  0.4670 

5 0.4660  745-7  0.4665 

5 0.4660  756.5  0.4665 

6 0.4658  753-7  0.4663 

6 0.4660  759.7  0.4664 

6 0.4661  757.1  0.4666 

6 0.4659  755-6  0.4664 

7 0.4662  759.7  0.4666 

Mean  value,    0.4665 

*  The  electromotive  force  should  be  independent  of  the  concentration  of  Cd'^^. 

*  The  electrodes  were  checked  up  several  times  at  intervals  of  a  few  days.    E 
represents  the  mean  of  the  values  thus  obtained. 

»  The  calculation  of  E  (corrected  to  a  hydrogen  pressure  of  i  atmosphere)  given 
in  Table  I,  was  made  as  in  the  following  example  for  Electrode  No.  i : 

E  (observed) o  .4660  volt. 

Water  vapor  pressure  at  25®   =   24  mm. 

Actual  hydrogen  pressure  =  751  —  24  =  727  mm. 

Correction  =  £  =  RT/2F  In  760/p  =  0.0296  log  760/727  =  0.0006  volt. 

£(/>  =  !  atm.)  =  0.4660  +  0.0006  =  0.4666  volt. 
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SQvar-SSTer  Chloride  vs.  Hydrogen. — All  the  silver-silver  chloride 
electrodes  had  the  same  electromotive  force  within  two-  or  three-tenths 
of  one  milKvolt,  when  measured  against  hydrogen  in  o.oi  M  hydrochloric 
add.  The  results  are  presented  in  Table  I,  where  E  represents  the 
e.  m.  f.  of  the  ceU  Hi(^);  HCl(o.oiilf)i:  AgCl;  Ag. 

Cadmium  Amalgam  vs.  Silver-Silver  Chloride. — Owing  to  the  good 
agreement  of  the  silver-silver  chloride  electrodes  among  themselves,  it 
was  unnecessary  to  correct  the  individual  observations  of  e.  m.  f.  of  cad- 
mium against  silver-silver  chloride  for  the  deviation  of  the  latter  from 
the  mean. 

In  Table  II  are  presented  the  original  observed  e.  m.  fs.  of  the  cell 
Cd(4.6%  amalgam),  CdCU((r),  AgCl,  Ag;  (£1),  and  of  the  (calculated) 
e.  m.  fs.  of  the  cell  Cd,  CdCUW,  AgCl.  Ag;  (£,  -  £1  —  0.0534),  the 
correction  term  being  equal  to  the  e.  m.  f .  of  pure  .cadmium  against  the 
f^Hi^iiitn  amalgam. 

Two  or  more  electrodes  always  were  measured  in  each  concentration  of 
cadmium  chloride  solution,  and  it  is  the  mean  value  of  these  measurements 
which  is  given  in  the  second  column  of  Table  II.  The  cadmitun  amal- 
gams gave  very  concordant  results  in  concentrations  down  to  about 
0.0005  M.  The  equilibrium  t3 
value  of  the  electromotive  force 
was  taken  on  very  promptly 
(within  5  or  10  minutes  after  the 
cell  was  prepared  and  placed  in 
the  bath)  and  did  not  differ  by 
more  than  0.0005  volt  from  the 
initial  value.  This  indicated 
that  no  appreciable  amount  of 
reaction  took  place  between  the 
electrode  and  the  solution.  Sev- 
eral cells  were  left  in  the  bath  u 
over  a  period  of  3  or  4  days, 
during  which  time  they  did  not 
vary  by  mcnre  than  0.0002  to 
0.0003  volt.  In  all  cases  the  ^^ 
cells  were  emptied  and  refilled 
with  dectrdyte  several  times 
during  the  period  of  the  experi- 
ment Where  the  concentration 
was  about  o/x>i  M  or  greater,  the 

dectromotive  force  was  alwa3rs   ^-^  ^^     '^^  ^ 

reproduced  after  the  refilling.   In  ^'S-  2. 

»  The  concentration  of  the  hydrochloric  add  uaed  was  actually  0.00999  If, 
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the  very  dilute  solutions,  say  bdow  0.0005  M ,  the  several  cells  did  not 
agree  more  closely  than  0.0005  ^  o.ooio  volt,  and  in  successive  fillings 
with  fresh  electrol)rte  the  electromotive  force  was  not  reproduced  any 
better  than  this. 

The  original  observations,  as  given  in  Table  II,  when  plotted  s^ainst 
the  logarithm  of  the  concentration  (see  Fig.  2)  lie  on  a  smooth  curve  to 
which  the  points  hold  very  closely  down  to  a  concentration  of  about 
0.00025  M.  Even  bdow  this  concentration  the  maximmn  deviation  of 
any  of  the  points  from  the  curve  is  less  than  0.0012  volt,  so  that  the  least 
accurate  portion  of  the  curve,  since  it  represents  an  average  of  the  measure- 
ments, should  give  the  electromotive  force  to  nearer  than  0.001  volt. 

Tabui  II. 
E.  M.  F.  of  the  CeU  :  Cd(4.6  amalg.)  :  CdCl,(c)  :  AgOrAg. 

C  (CdCU) 
moll  per  1000  g.  of  HiO. 

6.62 

0.0995 

o.cK>74 

0.003519 

0.002581 

0.000924 

0.000479 

0.0003659 

0.0003363 

0.0002144 

0.0001527 

0.0001269 

o. 0001 137 

0.0001087 

0.0001029 

Zinc  vs.  Silver-Silver  Chloride. — In  the  work  with  zinc  the  pure 
metal  in  the  finely  divided  form  was  used  directly.  As  a  "standard" 
value  for  the  e.  m.  f.  of  silver-silver  chloride  against  hydrogen  in  o.oi 
M  hydrochloric  add,  0.4665  volt  was  taken.  Whenever  any  of  the  sil- 
ver-silver chloride  electrodes  used  in  these  measurements  differed  from 
0.4665,  the  corresponding  reading  was  corrected  by  the  proper  amount. 
It  has  already  been  pointed  out  that  the  finely  divided  zinc  was  used 
instead  of  zinc  amalgam  because  the  amalgam  gave  unsteady  values  erf 
electromotive  force.  Between  two  samples  of  the  same  amalgam  the 
electromotive  force  varied  in  an  erratic  manner,  rising  and  falling  rapidly. 
The  finely  divided  zinc  gave  a  steady  value,  but  left  something  to  be 
desired  in  the  way  of  reproducibility  in  the  dilute  solutions.  For  this 
reason  the  measurements  were  not  carried  out  in  solutions  of  zinc  diloride 
more  dilute  than  0.0003  M,  and  in  concentrations  bdow  o.ooi  M  the 
deviation  of  the  individual  observations  from  the  mean  is  0.002  voLt. 
As  in  the  case  of  the  cadmium  measurements,  the  cells  were  emptied 


£1 

Bf 

(obaerved). 

(  -  El  +  0.0534) 

0 .62203 

0.67540 

0.6996 

0.7530 

0.76305 

0.81645 

0.7864 

0.8398 

0.7958 

0.8491 

0.8296 

0.8830 

0.852 

0.905 

0.8614 

0.9148 

0.8644 

0.9178 

0.8803 

0.9337 

0.8926 

0.9460 

0.8978 

0.9512 

o.90ii 

0.9545 

0.9023 

0.9557 

0.9060 

0.9594 
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and  refilled  several  times  with  fresh  zinc  chloride  solution,  and  each 
value  given  in  Table  III  represents  the  mean  of  the  value  by  at  least 
two  separate  cells.  Whether  the  silver-silver  chloride  was  in  the  same 
tube  with  the  metal  (zinc  or  cadmium),  or  separated  by  an  intermediate 
vessel  or  tube,  made  only  two-  or  three-tenths  of  a  millivolt  difference 
in  the  case  of  the  dilute  solutions  and  an  undetectable  difference  in  the 
case  of  the  more  concentrated  solutions.  In  Table  III  are  presented  the 
observed  e.  m.  fs.  of  the  cell  ^;  ZnCli(0 :  AgCl;  Ag.  These  values  of  E 
are  plotted  against  log  C  in  Fig.  2. 

Tablb  III.       . 
E.  M.  F.  of  Cell  22  :  ZnCh(c)  :  AgCl  :  Ag. 

C  (ZaCls)  E  (observed), 

mols  per  1000  g.  HsO.  (Volts.) 

0.0102 1  1. 1558 

0.006022  1. 1742 

0.0031 I 2  I    1953 

0.001453  1. 2219 

0.001253  1.2289 

0.000772  1.2475 

0.000649  1.2497 

0.0003995  1.2699 

0.0003478  I  .2701 

In  Table  IV  are  presented  three  values  by  H.  Jahn^  to  supplement  those 
given  in  Table  III.  Jahn  used  an  amalgamated  zinc  rod  instead  of  pure 
zinc.  Since,  as  pointed  out  by  Richards  and  Lewis,*  the  difference  in 
potential  between  pure  zinc  and  its  saturated  amalgam  is  slight  (only 
a  few  millivolts)  the  comparison  is  a  fair  one  to  make. 

Tablb  IV. 
Data  of  H.  Jahn.         E.  M.  F.  of  Cell  Zn  :  ZnCljW  :  AgCl.  Ag. 

C  (ZnClj).  E  (obierved). 

mols  per  1000  g.  HsO.  (VolU.) 

0.566  1.0306 

1. 112  I .0171 

2.22  0.9740 

Activities  of  the  Ions. 
In  solutions  of  bi-univalent  salts  the  determination  of  the  thermo- 
dynamic degree  of  dissociation  is  rendered  difficult  (i)  because  of  factors 
which  are  identical  with  those  appearing  in  the  case  of  uni-univalent 
salts,  although  probably  exaggerated  in  this  case;  (2)  because  of  uncer- 
tainty regarding  intermediate  ions;  and  (3)  because  in  the  case  of  zinc 
and  cadmimn  chloride  there  is  also  the  possibility  of  another  type  of 
complex  anion.  Nevertheless,  as  infinite  dilution  is  approached  all  of 
these  factors  of  tmcertainty  disappear,  and  if  acciu*ate  electromotive- 
force  measurements  could  be  made  in  very  high  dilution  the  value  of 

*  Loc.  cit. 

^Froc,  Am.  Acad.,  34,  87  (1898). 
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the  nonnal  electrode  potential  oould  be  calculated  at  once.  At  high  dilu- 
tions,  however,  not  only  does  the  solubility  of  the  material  used  in  the 
electrode  (such  as  mercuric  sulfate  or  silver  chloride)  produce  some  un- 
certainty, but  other  errors  of  imknown  origin  become  highly  exaggerated. 

In  every  experimental  study  of  electrode  potentials  the  attempt  is 
made  to  obtain  a  curve  adequate  for  the  extrapolation  of  E^  values  be- 
fore the  anomalies  at  high  dilution  appear.  One  way  would  be  to  assume 
at  every  concentration  complete  ionization  and  obtain  the  E^  value  in 
that  way,  or,  as  a  first  approximation,  the  degree  of  dissociation  may 
be  assumed  to  be  that  given  by  conductivity.  The  latter  method  is 
employed  in  this  paper.  It  should  be  noted  that  no  assumption  is  made 
that  conductivity  values  give  the  thermodynamic  degree  of  dissociation, 
but  that  they  are  used  solely  as  a  convenient  means  of  plotting  values 
which  by  extrapolation  give  the  true  E^. 

Dissociation  of  Cadmium  Chloride. — ^The  values  of  the  degree  of 
dissociation  given  by  Noyes  and  Falk^  were  plotted  against  the  logarithm 
of  the  concentration,  the  curve  being  drawn  asjrmptotic  to  the  line  a  =  i. 
(a  =  the  degree  of  dissociation.)  The  data  used  for  this  plot,  which  is 
not  published  herewith,  are  given  in  Table  V. 

Dissociation  of  Zinc  Chloride. — ^The  degree  of  dissociation  of  zinc 
chloride  was  obtained  from  the  equivalent  conductance  A,  given  in  the 
Lcmdolt  and  Bernstein  Tables,  and  the  equivalent  conductance  at  infinite 
dilution,  (A©  =  112.5)  given  by  Noyes  and  Falk  {Loc.  cit.).  The  degree 
of  dissociation,  a,  is  obtained  by  taking  the  ratio  A/A©.  Values  of  a 
for  various  concentrations  are  also  given  in  Table  V. 

TABhn  V. 

Dissociation  of  Cadmitim  Chloride  and  Zinc  Chloride. 


C(CdCli) 

moll  per  1000 

g.  of  HsO. 

a. 

C(ZnClt) 

mols  per  1000 

g.  Of  water. 

l/ohms. 

01. 

0.0005 

0.931 

0.00005 

IIO 

0.978 

o.ooio 

0.891 

O.OOOIO 

109 

0.970 

0.0025 

0.803 

0.00025 

108 

0.961 

0.0050 

0.735 

O.OOIO 

107 

0.952 

0.0025 

105 

lOI 

0.934 
0.898 

Calculation  of  Nonnal  Electrode  Potentials. 
The  data  in  Table  I  give,  as  a  mean  value  for  the  cell 

Ht(i  aim),  HCl(o.oi  M),  AgCl,  A^,  £=  0.4665  volt 
We  may  now  calculate  £**,  which  is  the  electromotive  force  of  this  cell 
when  H+(=  CI")  is  (hypothetical)  molal,  using  the  equation 
£  =  £o  ^  (i?r/F)Z»(Cl-)(H+). 
»  This  Journal,  34,  475  (1912). 
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In  o.oi  M  hydrochloric  add  solution,  the  activity  of  H+  (and  Cl~)  has 
been  found  to  be  0.0093.*    Using  this  value  we  obtain, 
0.4665  =  £"*  —  0.05915  log(o.oo93)*, 
from  which  we  get 

H,,  H+(M),  Cl-(M),  AgCl,  Ag,  £<>  =  0.2283  volt.« 
When  two  Faraday^  of  electricity  are  passed  through  the  cell  M;  MCU; 
AgCl;  Ag,  the  following  reaction  takes  place: 

M  +  2AgCl  »  M++  +  2CI-  +  2Ag 
The  e.  m.  f.  of  the  cell  is  given  by  the  following  equation: 
£  =  £^  —  (RT/2F)  In  (4C»a»), 
=  £;**  —  0.08873  log  (1.588  Co), 
in  which  E^  is  the  potential  when  M+"*"  and  Cl~  are  each  (hypothetical) 
molal  (i.  e.,  E^  is  the  normal  potential  of  the  metal  M);  ^  is  the  gas 
constant;  T  is  the  absolute  temperature;  F  is  the  faraday  (=  96500  coul- 
ombs) ;  C  is  the  concentration  of  the  chloride  solution  in  mols  per  1000  g. 
of  water;  and  a  is  the  fraction  ionized.    In  using  this  equation  it  is  as- 
sumed that  Ca  is  practically  equal  to  the  activity  of  the  metal  ion.    Using 
this  equation  by  substituting  it  in  observed  values  of  a  belonging  to  the 
concentrations  C,  a  series  of  £*^  values  was  obtained.    The  values  thus 
calculated  are  given  in  Tables  VI  and  VII  for  cadmium  and  zinc,  respec- 


tively. 

Tablb  VI. 

Normal  Potential  of  Cadmium. 

1           ^0^ 

a. 

B 
▼olt. 

volt 

6.0000 

0.975 

0.9597 

0.6218 

6.1000 

0.970 

0.9523 

0.6231 

6.2000 

0.966 

0.9445 

0.6240 

6.3000 

0.961 

0.9365 

0.624s 

6.4000 

0.955 

0.9283 

0.6250 

6.5000 

0.948 

0.9199 

0.6253 

6.6000 

0.940 

O.9117 

0.6258 

6.7000 

0.931 

0.9035 

0.6259 

6.8000 

0.919 

0.8954 

0.6262 

6.9000 

0.904 

0.8876 

0.6266 

7.0000 

0.888 

0.8801 

0.6272 

7.6000 

0.758 

0.8362 

0.6306 

The  curve  of  observed  electromotive  force  ought  to  become  steeper  as 
the  cadmium  chloride  becomes  more  dilute,  until  complete  dissociation 
has  taken  place,  when  the  slope  of  the  curve  should  be  0.0887  volt  per 
unit  change  in  log  C.  Owing  to  the  large  effect  of  impurities,  etc.,  when 
the  solutions  are  very  dilute,  the  curve  not  only  becomes  straight  before 

*  Lewis,  Brighton  and  Sebastian,  Loc.  cU. 

*  From  this  value  of  £^  might  be  calculated  the  free  energy  of  formation  of  the 
particular  silver  chloride  used. 
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the  theoretical  slope  is  reached,  but  acttially  bends  over.  Now  the  true 
E^  curve  would  continue  to  fall  out  to  infinite  dilution,  but  the  experi- 
mental errors  at  small  concentrations  cause  a  rapid  fall  of  the  curve, 
producing  a  point  of  inflection.  This  rapid  fall  probably  has  begun  to 
manifest  itself  even  before  the  point  of  inflection  is  reached.  It  is  £° 
at  this  point  of  inflection  which  is  taken  as  the  most  probable  value  of 
the  true  £**. 

The  values  of  £**  in  Table  VI  were  plotted  against  log  C  (Fig.  3)  and 
from  this  plot  was  obtained  the  final  value,  E°  ^  0.6255  volt. 
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Fig.  3. 

We  may  write  for  the  cell  Cd,  Cd++(M).C1-(A0:  AgCl;  Ag,  £°  = 
0.6255.  As  we  have  akeady  calculated,  H, :  H  +(A0 :  Cr(M ) ;  AgCl;  Ag,  £^= 
0.2263.  Combining  these  two,  we  obtain,  Cd:  Cd"*""'"(Af) ;  H+CM);  ft; 
E^  =  0.3992.  Since  the  normal  potential  of  the  hydrogen  electrode  is 
taken  as  zero,  the  e.  m.  f.  of  the  above  cell  gives  us  directly  the  normal 
potential  of  the  cadmium  electrode 

Cd:  Cd++(M),  £;°  =  0.3992. 

This  value  probably  is  good  to  0.00 10  volt. 
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Table  VII. 

Normal  Potential  of  Zinc. 

^0^ 

a. 

B 
▼olta. 

volt. 

6.4000 

0.962 

1.2844 

0.9813 

6.5000 

0.958 

1.2772 

0.9829 

6.6000 

0.954 

1.2688 

0.9832 

6.7000 

0.949 

1.2606 

0.9836 

6.8000 

0.944 

1 .2524 

0.9841 

6.9000 

0.937 

1.2442 

0.9845 

7.0000 

0.930 

1 .2356 

0.9845 

7.2000 

0.910 

T .2189 

0.9847 

7.4000 

0.886 

I .2032 

0.9856 

The  values  of  E^  for  zinc  (Table  VII)  were  plotted  against  log  C  as  in 
the  case  of  cadmium  (see  Fig.  3).    From  this  curve  we  obtain 
Zn;  Zn++(Jlf)  C1-(M):  AgCl:  Ag,  £«  =  0.9845. 
As  ah-eady  given,  Hj:  H+(Af)  Cl-(M);  AgCl;  Ag,  £<>  =  0.2263. 
Combining  these  two  we  find  Zn-.  Zn++(Af);  H+(Af):  H2,  E""  =  0.7582. 
The  e.  m.  f .  of  this  cell  is  the  normal  potential  of  the  zinc  electrode 

Zn;  Zn++(AO,  £^  =  0.758. 
On  account  of  the  uncertainty  in  the  electromotive-force  meastu'ements 
in  the  case  of  zinc,  the  above  value  may  have  an  error  as  large  as  0.002 
volt. 

Free  Energy  of  Dilution. 
If  we  have  two  cells  of  the  type  M,  MCI2,  AgCl,  Ag,  where  the  concen- 
tration of  the  MCls  solutions  are  Ci  and  C2,  respectively,  the  difference 
between  the  e.  m.  f.  of  the  two  cells  multiplied  by  twice  the  faraday 
equivalent  and  divided  by  the  mechanical  equivalent  of  heat  (4.182) 
gives  the  free  energy  of  dilution,  in  calories,  of  the  MCI2  solution  from  the 
concentration  Ci  to  the  concentration  d.    That  is, 

^  ^  AE  X  96500 
4.182 
A  series  of  values  thus  calculated  are  given  in  Table  VIII. 

Tablb  VIII.  ' 

Free  Energy  of  Dilution  of  Cells. 


Cx 
M. 

Cf 
M. 

(CdClt). 
Calc. 

AF 

(ZnClf). 

Calc. 

O.I 

0.01 

1306 

0.05 

0.005 

1426 

O.OI 

O.OOI 

1615 

1719 

0.005 

0.0005 

1705 

1858 

0.002 

0.0002 

1818 

0.003 

0.0003 

1888 

If  the  salt  were  completely  dissociated  the  slope  of  the  electromotive- 
force  curve  (Fig.  3)  ought  to  be  0.0887  volt.    That  is,  for  a  tenfold  change 
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in  CQnoentration  the  free  energy  of  dilution  ought  to  approach  the  value 
0.0887  X  96500/4.182  =  2046  calories,  in  the  more  dilute  solutions. 
That  this  value  is  approached  more  nearly  by  the  zinc  chloride  than  by 
the  cadmitun  chloride  indicates  that  zinc  chloride  is  dissociated  to  a 
higher  degree.  Conductance  ratios  also  show  zinc  chloride  to  be  the  more 
highly  dissociated. 

The  author  takes  this  opportunity  to  acknowledge  the  helpful  sugges- 
tions of,  and  to  express  his  indebtedness  to,  Dr.  Gilbert  N.  Lewis,  in 
whose  laboratory  this  work  was  conducted. 

Summary. 
Previous  work  by  the  author,  in  which  mercurous  sulfate  was  used  in 
a  reference  electrode,  is  discussed  and  the  reason  for  the  inaccuracy 
noted. .  From  the  electromotive  fco-ce  of  the  cell  Zn;  ZnS04;  Hg2S04;  Hg, 
the  normal  electrode  potential  of  zinc  was  calculated  to  be  0.76  volt,  with 
a  probable  accuracy  of  only  o.oi  volt. 

In  the  present  work  the  e.  m.  fs.  of  the  following  cells  have  been  mea- 
sured: 

Zn:ZnCli:AgCl:Ag; 

Cd(  amalgam) :  CdCU :  AgCl :  Ag; 
Cd  (amalgam) :  CdCU;  Cd; 
Ht;  HCl(o.oiAO;  AgCl;  Ag 
In  the  first  cell  the  concentrations  of  the  zinc  chloride  sdutions  ranged 
from  0.0003  M  up  to  o.oi  M.    In  the  second,  the  concentrations  of  cad- 
mium chloride  ranged  from  o.oooiM  up  to  satiu-ation  (6.61  Af).    All 
measurements  were  carried  out  at  a  temperatture  of  25  °. 

The  normal  electrode  potentials  of  zinc  and  cadmium  were  found  to 
be  (zinc)  0.758  =*=  0.002  volt  and  (cadmium)  0.3992  *  o.ooio  volt,  the 
normal  potential  of  the  hydrogen  electrode  being  taken  equal  to  zero. 

The  free  energy  of  dilution  of  zinc  chloride  and  f^f^niiiitn  chloride 
solutions  was  obtained. 

B«KXSi««y,  Cal. 
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(Contribution  vrom  the  Bureau  09  Standards,  U.  S.  Department  or  Commerce.] 

tHE  DETERMINATION  OF  ZIRCONIUM  BY  THE  PHOSPHATE 

METHOD. 

By  G.  E.  F.  Lundbll  and  H.  B.  Knowi^s.^ 

Received  September  7,  1919. 
Contents. — I.  Introduction.  II.  General  Principles.  III.  Historical.  IV.  Pre- 
cipitation of  Zirconium  Phosphate:  i.  Permissible  Acidity;  2.  Excess  of  Precipitant 
Required;  3.  Effect  of  Hydrogen  Peroxide;  4.  Precipitation  Temperature.  V.  Washing 
the  Precipitate.  VI.  Ignition  of  the  Precipitate.  VII.  Procedure  Recommended. 
VIIL  Confirmatory  Experiments.  IX.  Separation  from  Other  Elements:  i.  Iron, 
Aluminum  and  Chromium;  2.  Titanitun;  3.  Cerium;  4.  Thorium.    X.  Stmunary. 

I.  Introduction. 
The  determination  of  zirconium  in  ores  and  metallurgical  products  has 
aroused  considerable  interest  during  the  past  year.  The  method  most 
often  proposed  has  been  the  phosphate  method  originally  devised  by 
HiHetMrand  for  the  determination  of  the  small  amounts  of  zirconimn  usu- 
ally found  in  ordinary  rocks.  It  is  the  purpose  of  this  paper  to  point  out 
the  danger  involved  in  applying  this  method  to  the  determination  of  large 
amounts  of  zirconium,  and  to  give  the  modifications  of  the  method  which 
have  been  found  to  increase  its  accuracy. 

n.  General  Principles. 
The  phosphate  method  consists  essentially  in  precipitating  zirconium 
from  weak  sulfuric  add  solution  by  means  of  alkali  phosphate.  If  titanitun 
is  present,  hydrogen  peroxide  is  added  to  keep  it  in  solution.  Water  is 
usually  specified  by  word*  or  by  inference*  as  the  washing  medium,  al- 
though add  washes  have  been  recommended.*  The  washed  predpitate 
is  ignited  to  constant  wdght  and  various  factors  for  its  zirconium  content 
have  been  given:  38.38^  36.oo^  38.28'%.  The  zirconium  factor  for 
ZrPiGT  is  34.23%  while  the  factor  for  the  compound  5ZrOi.4PiOs  men- 
tioned by  Hillebrand  and  described  in  Gmelin-Kraut'  is  38.35%. 

It  is  evident  that  the  use  of  any  of  these  factors  will  not  lead  to  ser- 
ious errors  on  predpitates  weighing  two  or  three  mg.  In  case  of  large 
predpitates  the  indiscriminate  use  of  these  factors  cannot  but  lead  to 
serious  errors. 

It  was  in  the  hope  of  discovering  whether  zirconimn  could  be  quan- 
titatively separated,  from  ordinary  contaminants,  as  a  predpitate  which 
would  yidd  a  residue  of  definite  composition  upon  ignition,  that  the  fol- 
lowing work  was  imdertaken : 

^  Published  by  permission  of  the  Director  of  the  Bureau  of  Standards. 

'  Johnson,  Chem,  Met,  Eng.,  ao,  588  (i9i9)« 

'  Nicolardot  and  Reglade,  Campt,  rend.,  168,  349  (1919). 

«  Ferguson,  Eng,  Mining  J,,  zo6,  793  (1918). 

•  Gmelin-Kraut,  1886,  p.  703. 
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ni.    Historical. 

The  phosphate  method  was  first  used  by  Hillebrand  and  described  by 
him  in  U.  S.  Geological  Siu^ey,  Bulletin  148  on  '*The  Analjrsis  of  Silicate 
and  Carbonate  Rocks."  The  author  recommended  the  method  for  the 
determination  of  the  small  amounts  of  zirconium  usually  found  in 
rocks  (from  0.02  to  0.2%),  and  the  following  statements  were  made: 
*'For  the  small  amounts  usually  met  with  it  is  safe  to  assume  that  the 
ignited  phosphate  contains  50%  of  ZrQt  (51.8  by  theory).  If  the  amount 
is  rather  large,  it  may  be  safer  to  fuse  with  sodium  carbonate,  leach, 
ignite,  fuse  with  pyrosulfate,  repredpitate  by  ammonia,  and  wdgfa  as 
ZrOi."  This  method  has  been  widely  quoted,  with  the  frequent  omis- 
sion, however,  of  the  qualifying  sentences  given  above.  As  a  conse- 
quence, several  methods  for  the  determination  of  the  larger  amounts  of 
zirconium  in  ores  and  metallurgical  products  have  recently  been  pub- 
lished which  feattu-e  the  phosphate  method  and  which  specify  the  use  of 
a  zirconium  factor  based  on  Hillebrand's  recommendation  for  the  ignited 
phosphate  obtained  from  the  very  small  amounts  of  zirconium  in  ordi- 
nary rocks.  ^,^r, 

Stdger^  in  a  brief  note  dealing  with  some  tests  of  the  method  draws 
the  following  conclusions:  i.  Solutions  containing  at  least  3%  and  per- 
haps as  much  as  5%  (by  weight)  of  firee  sulftuic  add  may  be  employed 
in  the  phosphate  predpitation.  2.  The  results  indicate  that  basic  phos- 
phates are  obtained  in  feebly  add  solutions  while  an  increase  of  addity 
tends  to  give  the  normal  phosphate.  3.  Suffidently  accurate  results  can 
be  obtained  in  determining  the  small  amounts  of  zirconium  in  the  average 
rocks  by  assuming  that  the  ignited  phosphate  has  the  formula  ZrPsO? 
and  that  it  contains  46.32%  of  ZrQt.  Stdger's  data,  however,  demon- 
strate condusivdy  that  the  composition  of  the  ignited  phosphate  is  ex- 
tremdy  variable. 

More  recently,  Nicolardot  and  Reglade'  have  shown  that  complete 
predpitation  of  zirconium  as  phosphate  may  be  obtained  in  a  20%  (by 
wdght)  sulfuric  add,  provided  a  goqd  excess  of  the  predpitant,  ammo- 
nium phosphate,  be  used.  They  state  that  for  an  ignited  phosphate 
obtained  from  a  neutral  solution  the  ZrOs  factor  0.4870  is  indicated.  Poor 
a  20%  addity,  however,  their  results  indicate  0.493  as  the  ZrQt  factor. 

IV.    Precipitation  <rf  Zirconium  Phosphate. 

Factors  which  must  be  considered  in  the  predpitation  of  zirconium  as 
phosphate  are  (i)  permissible  addity;  (2)  excess  of  predpitant  required; 
(3)  effect  of  hydrogen  peroxide;  (4)  predpitation  temperature.  The 
results  of  an  investigation  of  the  effect  of  these  variables,  which  was 

»  J.  Wash.  Acad.  Set.,  8,  637  (1918). 
*  Compt.  rend.,  hoc.  cU. 
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carried  on  at  this  Bureau  before  the  publication  of  the  article  by  Nicolardot 
and  Reglade^  are  summarized  below. 

I.  Permissible  Acidity. — ^Table  I  gives  a  summary  of  the  work  deal- 
ing with  the  effect  of  variations  in  acidity. 

Table  I. — Ewect  of  Variations  in  Acmiry. 
ZrOt  Taken  0.0216  g.    Total  vcdume,  300  oc. 

PftOft  added  ZrOs  found 

HsS04.           X  theory.                  Ppt.  calculated  Error. 

(Sp.  gr.  1.84.)     (Zr  :  2 P.)  obtained.  on  baiiii  G. 

Bxpt.                   %  by  vol.                G.                       G.  ZrPtOt.  ZrOi. 

1 0.5  10  0.0451  0.0209*  — 0.0007 

2 0.5  10  0.0455  0.02II*  — 0.0005 

3 i.o  10  0.0461  0.0214  — 0.0002 

4 I.O  10  0.0466  0.0216  — 0.0000 

5 1.0  100  0.0462  0.0214  — 0.0002 

6 5.0  10  0.0463  0.0214  — 0.0002 

7 5.0  10  0.0460  0.0213  — 0.0003 

8 5.0  100  0.0460  0.0213  — 0.0003 

9 10. o  10  0.0439  0.0203  — 0.0013 

10 10. o  10  0.0442  0.0205  — O.OOII 

The  data  show  that  with  moderate  excess  of  the  precipitant  (lo  times 
the  theoretical  requirement),  5%  of  sulfuric  add  by  volume  is  the  max- 
imum allowable  excess  add  in  a  cold  predpitation.  This  bears  out  the 
prediction  of  Stdger.^  Nicolardot  and  R^lade^  working  with  tepid  solu- 
tions and  a  much  greater  excess  of  the  predpitant  found  that  predpita- 
tion was  complete  in  a  solution  containing  20%  by  wdght  of  sulfuric  add. 
This  observation  has  been  confirmed  at  this  Btueau. 

The  data  also  indicate  that  with  addities  of  0.5%  and  lower,  basic 
zirconium  phosphates  are  formed,  an  observation  which  was  also  made 
by  Stdger. 

3.  Excess  Precipitant  Required. — Table  II  gives  the  data  obtained 
by  canying  out  the  predpitations  with  various  amounts  of  the  pre- 
dpitant. 

Tabi^  II. — Effsct  OF  Various  Amounts  of  Prbcipitant. 
ZrOt  Taken  0.0216  g.    Total  Volume,  300  cc. 

PhO(  added  ZrOa  found 

HaS04.                 X  theory.                 Ppt.  calculated  Error. 

(Sp.  gr.  1.84.)          (Zr  :  2P.)  obtained.  on  basb                      G. 

Expt.                 %  by  vol.                    G.                       Q.  ZrEiOr.  ZrOi. 

I I  2  0.0379  0.0176  — 0.0040 

2 I  5  0.0453  0.0210  — 0.0006 

3 I  10  0.0461  0.0214  — 0.0002 

4 I  100  0.0462  0.0214  — 0.0002 

5 5  2  0.0380  0.0176  — 0.0040 

6 5  5  0.0413  O.OI91  — 0.0025 

7 5  10  0.0463  0.0214  — 0.0002 

8 5  too  0.0460  0.0213  — 0.0003 

» Loc.  cU, 

2  Qualitative  test  showed  complete  predpitatioQ  of  zirconium. 
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The  above  experiments  show  that  a  precipitate  of  normal  composition 
cannot  be  obtained  miless  a  fair  excess  of  soluble  phosphate  is  used,  the 
excess  varying  directly  with  the  add  concentration.  Nicolardot  and  Reg- 
lade  succeeded  in  getting  complete  precipitation  in  an  acidity  as  high  as 
20%  sulfuric  by  weight  by  using  a  very  large  excess  of  the  precipitant. 

3.  Effect  of  Hydrogen  Peroxide.—Since  Hillebrand's  method  calls 
for  the  use  of  hydrogen  peroxide  when  titanium  is  present,  the  tests  given 
in  Table  III  were  carried  out  to  determine  whether  peroxide  disturbed 
the  reaction. 

Table  III.— Effect  of  Hydrogen  PEROxmB. 
ZtO%  Taken,  0.0216  g.    Total  Volume,  300  cc. 


Bzpt. 

X... 

2. .. 
3... 
4... 

s... 


(Sp. 


HtS04. 
o^j  Vol.* 

PiO»  added 

Cc. 

Ppt. 

obtained. 
0. 

ZrO«  found 

calculated 

on  basis 

of  ZtPsOt. 

Error. 

0. 
ZrOs. 

I.O 

10 

10 

0.0462 

0.0214 

— 0.0002 

I.O 

100 

10 

0.6463 

0.0214 

— 0.0002 

5.0 

ID 

10 

0.0460 

0.0213 

— 0.0003 

5.0 

100 

10 

0.0465 

0.0216 

— 0.0000 

II. 5 

100 

None* 

0.0458 

0.0212 

— 0.0004 

The  experiments  show  that  hydrogen  peroxide  has  no  disturbing  effect 
on  the  phosphate  precipitation.  The  last  test  was  carried  out  to  estab- 
lish whether  excessive  amounts  of  acetanilide  which  might  be  introduced 
with  peroxide  would  disturb  the  precipitation. 

.4.  Precipitation  Temperature. — Table  IV  gives  data  obtained  in 
phosphate  precipitations  which  were  carried  on  at  room  temperatures 
and  by  digestion  on  the  steam  bath  followed  by  filtration  of  the  hot 
sohttions. 

Table  IV.— Effect  of  Temperature. 

ZxOi  Taken,  0.02 16  g.    Total  Vohune,  300  oc.    PsOi  added,  10  X  Theory  (Zr :  2  P). 


Bxpt. 

HtS04. 

(Sp.gr.  1.84.) 

%  by  vol. 

Temp,  of 

predpiUtloii 

and 

filtration. 

obtained. 
G. 

ZrOt  found 

calculated 

on  bada 

ZtPsOt. 

Brror. 
G. 
ZrC 

I... 

I 

Cold 

0.0461 

0.0214 

— 0.0002 

2... 

I 

Hot 

0.0451 

0.0209 

— 0.0007 

3... 

5 

Cold 

0.0463 

0.0214 

— 0.0002 

4... 

5 

Hot 

0.0434 

0.0201 

— 0.0015 

5... 

10 

Cold 

0.0439 

0.0203 

— 0.0013 

6... 

10 

Hot 

0.0410 

0.0190 

— 0.0026 

The  data  demonstrate  that  the  solubility  of  zirconium  phosphate 
increases  markedly  in  hot  add  solutions.  Undoubtedly  the  solubility  in 
hot  solutions  could  be  decreased  by  adding  a  larger  excess  of  the  pre- 
cipitant. At  the  time  these  experiments  were  performed  no  particular 
advantage  resulting  from  the  use  of  hot  solutions  was  anticipated;  con- 
sequently the  tests  were  not  pursued  finlher.  Nicolardot  and  Reglade, 
^  0.0059  S-  acetanilide  added;  total  volume  here  100  cc. 
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however,  have  demonstrated  that  precipitation  is  complete  in  luke  warm 
or  tepid  solutions  of  high  acidity,  provided  adequate  phosphate  is  used. 

The  experiments  which  are  given  in  Tables  I,  II,  III  and  IV  demon- 
strate that  complete  precipitation  of  zirconitun  as  phosphate  of  definite 
composition  may  be  had  in  cold  or  tepid  solution  containing:  (i)  hydro- 
gen peroxide,  (2)  sulfmic  add  ranging  from  2  to  20%  by  weight  and  (3) 
secondary  ammonium  phosphate  in  10  to  100  times  the  theoretical  re- 
quirement. 

V.    Washing  the  Precipitate. 

Since  water  is  the  washing  medium  usually  employed  in  the  phosphate 
determination,  qualitative  tests  were  carried  out  to  determine  whether 
zirconitun  phosphate  is  soluble  in  water  or  whether  it  suffers  hydrd3r8is 
during  the  washing  operation.  It  was  found  that  no  zirocmium  what- 
ever could  *be  obtained  by  treating  with  ammonium  hydroxide  the  water 
washings  of  zirconitun  phosphate  precipitates.  It  was  fotmd,  however, 
that  very  considerable  amotmts  of  phosphoric  add  were  present  in  wash 
waters  obtained  by  washing  with  water,  zirconium  phosphate  predpitates 
which  had  first  been  thoroughly  washed  with  5%  ammonium  nitrate. 
This  observation  was  verified  quantitativdy  and  in  Table  V  are  shown 
the  differences  noted  between  determinations  which  were  varied  only  in 
washing  treatment. 

TABI.B  v.— Hf^bct  of  WAsmNo  Trbatmbnt. 

Total  Weight  of  Solution,  100  g.    Total  Volume  Wash  Soln.,  300  cc    ZrOt  Taken* 

0.0216  g.  HtSO*,  20%  by  Weight.    PiOi  added,  100  X  Theory  (Zr  :  2P). 

ZrOt  found 

Wash  Ppt.  calculated  Error, 

solution  obtained.  on  basis  G. 

Bzpt.  used.  G.  ZtPiOr.  ZrOt. 

I HiO  0.0438»  0.0303  — 0.0013 

2 HtO  0.0445^  0.0206  — o.ooio 

3 NH4NOt5%  0.0458*  0.02I3  — 0.0004 

4 NH4N0t  5%  0.0461*  0.0214  — 0.0002 

The  data  in  Table  V  demonstrate  that  no  definite  composition  can  be 
ascribed  to  an  ignited  water-washed  phosphate  and  that  use  of  a  cold 
5%  ammonium  nitrate  solution  almost  entirely  overcomes  the  tendency 
toward  hydrolysis. 

VI.    Ignition  of  Precipitate. 
No  special  precautions  were  given  by  Hillebrand  for  the  ignition  of 
the  phosphate  precipitate  and  none  are  necessary  for  the  small  amounts 
encountered  in  ordinary  rock  ana]3rsis.    It  was  soon  found,  however,  at 
this  Btu-eau  that  the  ignition  of  zirconium  phosphate  precipitates  weighing 
approximately  0.02  g.  was  a  hard  problem  because  of  difficulty  in  burn- 
ing off  carbon  and  the  marked  tendency  of  the  precipitate  to  decrepitate. 
>  Washhigs  gave  negative  tests  for  xirconimn  but  heavy  tests  for  PtOi. 
*  Washings  gave  negative  tests  for  zkconium  and  very  faint  tests  for  PtOi. 
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Nicolardot  and  Reglade  call  attention  to  the  decrepitation  of  the  phos- 
phate and  they  also  state  that  the  final  ignited  product  is  gray-white. 
A  water-washed  precipitate  such  as  they  obtained  does  exhibit  a  strong 
tendency  to  decrepitate  and  it  is  also  difScult  to  biun  white.  In  fact, 
we  have  sometimes  obtained  from  water-washed  precipitates  black  resi- 
dues of  excessive  weight  which  resisted  all  ignition  treatments,  including 
ignition  in  oxygen.  The  use  of  a  properly  prepared  Gooch  crucible  ob- 
viated all  these  troubles  but  was  not  adopted  as  a  standard  procedure 
since  it  does  not  permit  of  convenient  examination  of  the  final  weighed 
product.  The  ammonitun  nitrate  wash  which  was  finally  adopted  leaves 
the  paper  and  the  precipitate  in  the  most  desirable  condition  for  the 
ignition,  and  a  pure  white  phosphate  can  be  obtained  provided  the  pre- 
liminary ignition  is  carried  on  at  a  low  temperature.  Decrepitation 
difBculties  are  less  marked,  but  with  precipitates  weighing  more  than 
0.005  R-  ignitions  should  be  cautiously  carried  on  with  crucibles  partly 
covered,  particularly  at  the  stage  when  the  carbon  envelope  is  burning 
away.  The  final  ignition  should  be  done  over  the  blast  lamp  or  M&er 
btuner  for  15  minutes.  Zirconium  pyrophosphate  is  not  hygroscopic  as 
is  shown  in  Table  VI. 

Table  VI. — Exposure  of  Ignited  Pyrophosphate. 

Wt.  of  ZrPiO?. 


After  After  4  hours*  ex- 

Expt.  ignition.  posure  to  atmosphere. 

1 0.0920  0.0919 

2 0.0463  0.0463 

Vn.    Procedure  Recommended. 

The  procediue  following  is  a  modification  of  that  published  by  Nicol- 
ardot and  Reglade. 

A.  Volume  of  Solution, — From  25  cc.  for  small  amounts  (0.0005  g- 
ZrOa)  to  200  cc.  for  larger  amounts  (o.i  g.). 

B.  Acidity. — 20%  sulfuric  add  by  weight. 

C.  Hydrogen  Peroxide, — Sufficient  to  keep  titanium  dioxide  perox- 
idized;  10  cc.  will  do  no  harm. 

D.  Precipitant, — Secondary  ammonium  phosphate  in  excess.  Prom 
10  to  100  times  the  theoretical  requireitient  as  expressed  by  the  ratio 
Zr:  P1O5  should  be  used.  The  larger  excess  is  desirable  when  small 
amounts  of  zirconium  dioxide  are  to  be  determined. 

E.  Precipitation  conditions, 

1.  Temperature.    Cold  or  40-50®,  preferably  the  latter. 

2.  Time.    Two  hours  for  amounts  of  zirconitun  dioxide  in  excess  of 

0.005  Z'    Six  hours  or  longer  for  smaller  amounts. 

F.  Filtration, — ^Warm;  decant  as  much  supernatant  liquid  as  possible 
to  avoid  clogging  the  filter. 
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G.    Washing. — ^\^th  cold  5%  ammonium  nitrate  solution. 

H.  Ignition. — ^Very  careful  ignition  in  a  partially  covered  platinum 
cradble  over  a  low  flame  until  the  filter  paper  carbon  is  destroyed^  fol- 
lowed by  blasting  or  its  equivalent.  . 

Vin.    Confirmatory  Experiments. 

The  results  given  in  Table  VII  which  were  obtained  by  the  procedure 
recommended,  demonstrate  that  the  method  is  reasonably  accurate. 
Table  VII. — Results  with  Recommbnded  Procedure. 
HsS04»  20%  by  Weight;  Total  Volume  of  Solution,  100  cc.;  (NH4)»HP04  Taken, 
1.0  g.;  Wash  Solution,  5%  NH4NQ8. 

Zr  ZrOs  found 

TiOi             phosphate  calculated  ZrO«  Diff. 

H«Os.            added.           weighed.  on  tMuit  added.                    G. 

Expt.               Cc                  G.                    G.  ZrPiOT.     G.           G.  ZrOt. 

X 10  none  0.0014  0.00065  0.00064  +0.00001 

2 10  none  0.0023  0.00106  0.00107  — o.ooooi 

3 10  none  0.0040  0.00185  0.00193  — 0.00008 

4 10  0.0990  0.0022  0.00102  0.00107  — 0.00005 

5 none  none  0.0453^  0.02x0  0.0216  — 0.0006     • 

6 none  none  0.0458  0.02x2  0.0216  — 0.0004 

7 10  none  0.0461  0.0214  0.0216  — 0.0002 

8 10  none  0.0457  0.0212  0.0216  — 0.0004 

9 none  none  0.0458  0.0212  0.0216  — 0.0004 

10 none  none  0.0920'  0.0426  0.0431  — 0.0005 

It  will  be  noticed  that  the  values  obtained  are  slightly  lower  than 
theoretical  amotmts.  This  was  expected  on  account  of  the  slight  hydrol- 
ysis during  the  washing  of  the  precipitate  and  the  difficulty  in  preventing 
losses  due  to  decrepitation. 

IX*    Separation  from  Other  Elements. 

J.  Iron^  Aluminum  and  Chromium. — Nicolardot  and  Reglade  have 
shown  that  a  perfect  separation  from  aluminum,  chromitun  and  iron  can 
be  had  by  the  procedure  outlined. 

2.  Titanium. — Before  the  publication  of  the  paper  of  Nicolardot  and 
Reglade,  tests  made  at  this  Bureau  demonstrated  that  complete  separa^ 
tion  from  titanitun  was  possible  by  one  precipitation  in  the  presence  of 
hydrogen  peroxide  in  solutions  of  lower  acidity  than  20%  by  weight.  A 
summary  of  the  results  obtained  is  given  in  Table  VIII. 

Table  VIII. — Sbparation  ntoif  Titanium. 

TiOi  ZrOs  ZrPtOr  ZrOi  Error.     Results  of  colorim- 

Expt.  added.         added.  H1SO4  obtained,     equiva-  G.  eter  tests  of 

No.  G.  G.  present.  G.  lent.   G.  ZrOs.  ignited  residues. 

1 0.0990    0.00107  20%  by  wt.    0.0022    0.00102    — 0.00005    Ti-faint  trace* 

2 0.019S    0.0216      1%  by  vol.   0.0461    0.0214      — 0.0002     Ti-faint  trace* 

3 0.019S    0.0216     5%  by  vol.    0.0464    0.0215      — o.oooi      Ti-faint  trace* 

*  Decrepitation. 

*  Less  than  0.00005  g.  of  TiOs. 
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J.  Cerium. — ^The  data  given  in  Table  IX  show  that  ziroooium  can  be 
quantitatively  separated  from  cerium  present  in  either  of  its  valences. 

TaBI3  DL — SSFARATION  FROM  CUKWU, 

ZrOt 
ZrOi  calculated 

added.  Cerium  oxide  HsOt.  ZrPiOr  on  basis        Error.     G. 

Bzpt.  G.  added.     G.  Cc  found.  ZrPtOT.  ZrOt. 

1 0.0216       0.0246  CeiOt        none       0.0457       0.0212        —0.0004 

2 0.0216        0.0246  CesOf  10         0.0453        0.0210        — 0.0006 

3 0.0216        0.0246  CeOs  none        0.0449        0.0208        — 0.0008 

4.  Thorium, — ^The  data  given  in  Table  X  show  that  zirconium  can  be 
quantitatively  separated  from  thoriiun  by  the  method  given. 
Tabids  X. — Separation  from  Thorium. 

H,S04.  ZrOt 

ZrOt             ThOa            (Sp.gr.  (NH*),-                         calculated 

added.             added.           1.84.)  HsOi        HPO4.  ZrPiOf            on  basis          Error.   G. 

Bxpt.            G.                    G.                Cc.  Cc.             G.  found.              ZrPiOi.               ZrOi. 

1 0.0216        0.0263        II. 5      none  i        0.0470       0.0218        +0.0002 

2 0.0216        0.0263         II. 5  10  I        0.0465        0.0215        — O.OOOI 

Z.    Summary. 
From  the  above  experiments  made  at  the  Bureau  of  Standards  and 
elsewhere,  the  following  conclusions  may  be  drawn: 

1.  Zirconium  can  be  quantitatively  precipitated  as  secondary  zirconium 
phosphate  in  cold  or  tepid  solutions  containing  from  2  to  20%  by  weight 
of  sulfuric  acid,  provided  a  lo-ioo-fold  excess  of  the  precipitant,  diam- 
monitun  phosphate,  is  used. 

2.  Hydrolysis,  which  occurs  when  the  phosphate  precipitate  is  washed 
with  water,  can  be  almost  entirely  avoided  by  the  use  of  a  cold  5%  am- 
monium nitrate  washing  solution. 

3.  Zirconitun  pyrophosphate,  for  which  the  ZrOi  factor  is  0.4632,  is 
obtained  upon  ignition  of  a  secondary  zirconium  pho^)hate  which  had 
been  washed  with  ammonium  nitrate  solution. 

4.  No  definite  composition  can  be  ascribed  to  a  eomx>ouhd  resultii^ 
upon  ignition  of  a  secondary  zirconium  phosphate  which  has  been  washed 
with  water. 

5.  Zirconium  can  be  quantitatively  separated  as  phosphate  in  a  20% 
by  weight  sulfuric  add  solution  from  iron,  aluminum,  diromium,  cerium 
and  thorium.  The  separation  from  titanium  is  satisfactory  provided 
hydrogen  peroxide  is  present. 

Washwoton,  D.  C. 


Digitized  by 


GooQle 


iV-auBsriTuTBD  glycyi^arsanilic  Acms.  1809 

JCONTRIBIJtION   FROll   THK   LABORATORIES    OP  THE   RoCKmWUn    INSXITUTS   fOR 

Mbdical  Rksbarch.] 

AROMATIC    ARSENIC    COMPOUNDS.    V.  N-SUBSTITDTED 
GLYCYLARSANILIC  ACIDS. 

By  Waltbr  a.  Jacobs  and  Michabi*  Heidhlbbrgsr. 

Received  July  2,  1919. 

The  substances  discussed  in  the  present  communication  are  closely 
related  to  the  previously  described  substituted  anilides  of  phenylglydne- 
^-arsonic  add,^  but  differ  from  these  in  the  fact  that  the  glycine  aide 
chain  is  reversed,  the  arsonic  acid  radical  becoming  a  substituent  on  the 
anilide  nucletfe,  as  follows: 

NHCH2CONH 


X- 


u 


AS08H2 

These  substances  were  readily  prepared  by  boiling  tfie  sodium  salt 
6f  ehloroacetylarsanilic  acid  with  the  aromatic  amino  comjwund,  the  con- 
densation occurring  in  boiling  aqueous  solution  within  15  to  30  minutes, 
owing  to  the  reactivity  of  the  chlorine  in  the  former  substance.  The  first 
member  of  the  series,  glycylarsanilic  acid,  was  prepared  by  the  use  of 
ammonia  in  this  reaction  and  was  accompanied  by  the  formation  of  the 
secondary  imino  compound.  With  the  aromatic  amines  no  diflSculty 
was  experienced  in  any  case  and  the  reaction  has  proved  capable  of  wide 
^^tension.  We  have  confined  our  studies  up  to  the  present  to  those  com- 
pounds which  were  prepared  for  biological  investigation. 

The  fimdamental  compound  required  in  this  work  was  chloroacetyl- 
arsaniJic  acid.  This  derivative  has  already  been  mentioned  in  German 
patent  191,548,  but  as  far  as  we  could  ascertain  it  has  not  been  employed 
for  the  synthesis  of  other  arsenic  compounds.  The  patent  contains  a  . 
method  for  its  preparation  by  the  interaction  of  arsanilic  add  and  chloro- 
acetyl  chloride,  but  we  have  found  it  imsuitable  for  the  preparation  of 
the  substance  in  large  quantities  as  the  reaction  was  difficult  to  control 
and  the  yidds  were  poor  and  uncertain.  A  very  serviceable  and  simple 
means  was  found  for  the  large  scale  preparation  of  chloroacetyl-arsanilic 
add,  consisting  in  heating  arsanilic  add  with  an  excess  of  chloroacetic 
acid  on  the  water  bath,  an  excellent  yidd  of  the  pure  substance  being 
easily  obtained. 

The  substituted  phenylglycyl-arsanilic  adds  resemble  in  general  proper- 
ties the  isomeric  anilides  of  phenylglycine-^-arsonic  add,  functioning 
both  as  adds  and  feeble  bases.    They  are  but  sparingly  soluble  in  the 
*  This  Journal,  411  i6io  (1919)- 
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usual  solvents  and  all  have  high  melting  or  decompositioa  points,  the  ob- 
served values  depending  upon  the  rate  of  heating.  In  general,  the  sodium 
salts  were  readily  soluble  in  water. 

Experimental. 
Chloroacetyl-arsanilic  Acid,  f-Hi08AsC«H4NHCOCHtCl.— A  method 
for  the  preparation  of  chloroacetyl-arsanilic  add  has  been  given  in  German 
patent  191,548.  In  addition  to  the  fact  that  no  full  description  of  the 
substance  is  given,  we  have  found  the  following  method  more  service- 
able for  its  preparation  in  large  quantity:  50  g.  of  arsanilic  add  and  150 
g.  of  dry  chloroacetic  add  are  heated  in  an  open  flask  on  the  water  bath 
for  2  hours.  The  mixture  gradually  forms  a  dear  mdt,  and  towards  the 
end  the  chloroacetyl-arsanilic  add  occasionally  begins  to  separate.  The 
melt  is  poured  into  about  a  Uter  of  well  stirred,  saturated  sodium  chloride 
solution,  and  the  predpitated  arsonic  add  is  filtered  off  and  washed  well 
with  water.  Yidd,  50  g.  A  portion  of  the  add  was  dissolved  in  hot 
water,  treated  with  bone  black,  and  the  filtered  solution  cooled  rapidly 
in  order  to  prevent  decomx>osition.  Under  these  conditions  it  separates 
as  minute,  lenticular  platdets  and  toothed  leaflets  which  contain  no  water 
of  oystallization  and  which  darken  when  rapidly  heated,  but  mdt  and 
decompose  only  when  the  temperature  of  the  bath  is  hdd  at  285®  for  a 
few  moments.  The  add  is  readily  soluble  in  hot  alcohol,  somewhat  less 
so  in  boiling  water  or  acetic  add,  and  sparingly  soluble  in  the  last  two 
in  the  cold  and  in  acetone.  It  is  slowly  acted  upon  by  prolonged  exposure 
to  moist  air. 

Subst.,  0.1867  (Kjeldahl),  6.25  cc.  o.i  N  Ud.    Subst,  0.1343  (Carins),  AgClf 
0.0634. 

Subst.,  0.2824;  MgsAssO?,  0.1481. 

Calc.  for  CsHjOiNClAs:  N,  4.77;  CI,   12.08;  As,  25.53.    Found;  N,  4.69;  CI 
11.69;  As,  25.31. 

Practically  as  good  an  analysis  was  obtained  on  the  crude  product, 
and  this  was  used  in  all  of  the  following  preparations: 

Glycyl-/>-ar5aniHc  Acid,  f-H2NCH2CONHC«H4AsO,H,.— 20  g.  of 
chloroacetyl-arsanilic  add  were  added  to  100  cc.  of  cone,  aqueous  am- 
monia, warmed  gently  to  about  30®  until  solution  was  complete,  and  al- 
lowed to  stand  overnight.  The  excess  of  ammonia  was  then  boiled  off 
from  the  dear  solution,  causing  the  crude  reaction  product  to  crystallize. 
After  cooling  this  was  filtered  off,  12  g.  being  obtained.  The  product  was 
purified  by  treating  with  dil.  hydrodiloric  add,  avoiding  a  large  excess 
on  account  of  the  consequent  predpitation  of  the  hydrochloride  of  the 
glycine.  After  filtering  off  the  imino  compound  (see  bdow)  the  crude 
glycylaminophenyl-arsonic  acid  was  predpitated  by  adding  soditmi  ace- 
tate. For  further  ptuification  it  was  dissolved  in  just  enough  dil.  sodium 
hydroxide  solution  and  then  predpitated  by  means  of  a  stream  of  carbon 
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dioxide.  A  repetition  of  the  final  purification  was  necessary  before  good 
analytical  figures  could  be  obtained,  a  considerable  loss  of  material  also 
taking  place.  The  pure  amino  add  forms  minute,  toothed,  glistening 
plates  which  are  anhydrous,  do  not  melt  below  295**,  and  are  very  diflS- 
cultly  soluble  in  boiling  water  or  50%  alcohol.  It  functions  as  a  very 
weak  add,  being  soluble  only  in  an  excess  of  weak  bases,  such  as  ammonia, 
and  is  displaced  from  its  salts  by  carbon  dioxide. 

Subs.,  0.1328;  11.8  oc.  N  (24.5*^,  751  mm.).    Subs.,  0.3101;  MgtAssOT,  0.1743. 
Cak.  for  C8Hu04NsAs:  N,  10.22;  As,  27.34.    Found:  N,  10.08;  As,  27.12. 

Iminobisacetyl-^araaniHc  Acid,  (^-H,0^C«H4NHC0CH,),NH.— 
The  hydrochloric  add-insoluble  fraction  obtained  in  the  preparation 
of  the  f-glycylarsanilic  add  was  dissolved  in  dil.  sodium  hydroxide  solu- 
tion, predpitated  with  an  excess  of  hydrochloric  add,  further  purified 
by  a  repetition  of  this  process,  and  finally  recrystallized  by  dissolving  in 
hot,  dil.  ammonium  hydroxide  and  adding  acetic  add  in.  excess.  The 
imino  add  separated  as  glistening  rosets  of  microcrystals.  Before  filter- 
ing, the  solution  was  cooled  and  addified  to  congo  red  with  hydrochloric 
add.  The  substance  darkens  at  280-5®  without  melting,  and  is  prac- 
tically insoluble  in  the  usual  solvents. 

Subs.,  0.1318;  9.2  cc.  N  (29.0®,  757  mm.).    Subs.,  0.3401;  MgsAssO?,  0.1987. 
Calc.  for  CieHitOsNiAss:  N,  7.92;  As,  28.23.    Found:  N,  7.86;  As,  28.19. 

AT-Methylglycyl-^arsamHc  Acid,  p-CH3NHCH,CONHC«H4AsOjH,. 
— A  strong  methylamine  solution  was  prepared  by  treating  25  g.  of  methyl- 
amine  hydrochloride  with  60  g.  of  well  chilled,  25%  soditun  hydroxide 
solution.  Without  removing  the  predpitated  sodium  chloride,  5  g.  of 
diloroacetylarsanilic  add  were  added.  On  allowing  to  warm  to  room 
temperature  and  breaking  up  the  Itunps  with  a  rod,  the  add  soon  dis- 
solved. After  24  hours'  standing  the  excess  of  methylamine  was  removed 
on  the  water  bath  and  on  diluting  the  residue  and  addifying  strongly 
with  acetic  add  the  arsonic  add  slowly  crystallized.  Recrystallized 
from  water  it  separates  as  long,  silky,  glistening  needles  which  contain 
approximatdy  two  molectiles  of  water  of  crystallization.  The  yield  was 
2  g.  It  turns  brown  at  about  250®  but  does  not  melt  bdow  275®.  It  is 
practically  insoluble  in  hot  alcohol  and  is  not  very  fredy  soluble  in  boiling 
water.  It  dissolves  in  dilute  mineral  adds  and  on  adding  sodium  nitrite 
to  the  solution  in  dil.  hydrochloric  add  the  nitroso  derivative  deposits  on 
rubbing  as  sheaves  and  spheres  of  microscopic  needles. 

Subs.,  air-dry,  0.5641 ;  loss,  0.0670  in  vacuo  at  100®  over  HsS04. 
Calc.  for  CtHu04NiAs.2H|0:  HiO,  11. 12.    Found:  ix.87. 

Subs.,  anhydrous,  o.  1864  (Kjeldahl) ;  12.85  cc.  o. i  i\r  HCl.    Subs.,  0.2635 ;  MgsAsiO^, 
0.1404. 

Calc.  for  C»Hit04NsA8:  N,  9.73;  As,  26.00.    Found:  N,  9.66;  As,  25.72. 

iV-Ph6n7lgl7C7l-/>-arsanilic  Add  (iST-Phenylglycineanilide-^'-arsGnic 
Add),    f-CeH»NHCH^CONHC«H4AsO,Hv— This    substance,    isomeric 
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with  phenylglycmeaailide-^-arscmic  add,^  was  prepared  as  follows:  2  g. 
(rf  aniline  in  15  cc.  of  alcohcd  were  added  to  a  solution  of  4.5  g.  of  chloro- 
acetyl-arsanilic  add  in  15  cc.  of  AT  sodium  hydroxide  sdution.  The  solu- 
tion was  boiled  for  Vt  hour  under  an  air-condenaer»  finally  setting  to  a 
crystalline  cake.  The  yield  of  add  was  4.4  g.  Reoystallized  fn»n  50% 
alcohol  the  arsonic  add  forms  delicate,  felted  needles  which  are  almost 
insoluble  in  boiling  water.  When  heated  it  darkens  slightly,  but  does 
not  mdt  bdow  280®.  When  a  suspension  of  the  add  in  hot  50%  acetic 
add  is  treated  with  excess  soditun  nitrite  it  dissolves  at  once,  the  nitroso 
compound  soon  crystallizing  from  the  solution  as  nacreous  plates. 

Subs.,  0.3260;  (Kjeldahl)  18.70  cc.  o.i  N  HCl;  MgtAsfOr^  0.1435. 

Cak.  for  Ci4Hu04NtAs:  N,  8.00;  As,  21.39.    Found:  N,  8.04;  As,  21.24. 

m-Ozaminophen7l-glycyl-/>-ar8anilic  Add,  m-H0iCC0NHC«H4NH- 
CHaCONHCeHiAsOgHi^O— 12  g.  of  chloroacetyl-arsanilic  add  and 
7.2  g.  of  m-amino-oxanilic  add*  were  dissolved  in  80  cc.  of  iV  sodium 
hydroxide  solution  and  boiled  for  20  minutes.  The  small  amount  of 
crystalline  material  which  separated  on  cooling  was  filtered  off  and 
the  filtrate  made  add  to  congo  red.  A  dark-colored  gum  separated, 
but  the  supernatant  liquid,  on  standing  overnight,  deposited  a 
aystalline  crust.  This  was  dissolved  in  very  dilute  aqueous  ammonia 
and  hydrochloric  add  added  to  the  solution  until  a  faint  turbidity  per- 
sisted. This  contained  much  coloring  matter  and  was  filtered  off.  It 
was  found  that  if  hydrochloric  add  was  added  directly  to  the  filtrate  only 
a  caseous  predpitate  could  be  obtained,  but  if  acetic  add  was  first  added 
in  suffident  amount  and  then  hydrochloric  add  imtil  definitdy  blue  to 
Congo  red  paper,  the  solution,  when  seeded,  deposited  the  hydrochloride 
of  the  oxamino  add  as  aggregates  of  microscopic  plumes,  which  gradually 
lost  hydrochloric  add  on  standing  in  moist  air. 

Subs.,  0.1546;  12.0  cc.  N  (its*"*  750  mm.).  Calc  for  CmHu07NiA8.HC1:  N. 
8.88.    Found:  9.00. 

A  portion  of  the  hydrochlcnide  was  boiled  with  water,  causing  a  change 
in  physical  appearance  and  the  elimination  of  hydrochloric  add.  The 
free  oxamino  acid  was  filtered  off,  washed  well  with  hot  water,  and  air- 
dried,  one  molecule  of  water  of  crystallization  being  retained.  The  sub- 
stance is  practically  insoluble  in  boiling  water  and  very  sparingly  so  in 
50%  alcohol.  When  rapidly  heated  to  175®,  then  slowly,  the  anhydrous 
add  effervesces  at  179^  with  preliminary  softening  and  darkening. 

Subs.,  air-dry,  0.5870;  loss  0.0249,  at  100^  in  vacuo  over  H1SO4. 

Calc.  for  Ci6Hi«07NiAs.HiO:  HsO,  3*96.    Pound:  H^.  4.24. 

Subs.,  anhydrous,  0.1412;  11.85  cc*  N  (23.5  ^  757  mm.).  Subs.,  0.3966;  Mgr 
AsfOr,  0.1389. 

Calc.  for  CuHitOrNftAs:  N,  9.61;  As,  17.13.    Foimd:  N,  9.62;  At,  16.90. 

^  This  Journal,  4i»  1613  (i9i9)- 
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^Aminophcnyl-glycyl-p-arsanilic  Acid,  p-H2NCftH4NHCHiCONH- 
C«H4AsOsHi. — 8  g.  of  f-acetamino-phenylglycineamlide-p '-arsenic  acid 
(see  below)  were  boBed  with  8  parts  of  i  :  i  hydrochloric  add  for  6  minutes, 
cooled  rapidly,  shaken  with  bone  black,  filtered,  and  treated  with  saturated 
sodium  acetate  solution  until  the  disappearance  of  the  congo  red  reaction. 
The  precipitate  was  filtered  oflF,  dissolved  in  dil.  hydrochloric  add,  and 
the  solution  filtered  and  treated  again  with  soditun  acetate.  The  amino 
add  separated  as  microcrystalline  aggregates  which  tended  to  become 
colloidal  on  washing  with  water.  The  yidd  was  4.5  g.  When  rapidly 
heated  the  add  darkens  and  sinters,  but  does  not  mdt  bdow  280^.  It  is 
soluble  in  dilute  mineral  adds  and  alkalies  and  is  practically  insoluble  in 
boiling  water  and  very  sparingly  so  in  boiling  50%  alcohol.  It  is  readily 
diazotized,  giving  a  red  color  with  R-salt. 

Subs.,  0.1435;  14.15  cc.  N  (21.5^,  751  mm.).    Subs.,  0.3254;  Mg^AsiO?,  0.1367. 

Cak.  for  C14HMO4N1AS:  N,  11.51;  As,  20.52.    Found:  N,  11.38;  As,  20.27. 

p-Acetafflinophenyl-glycyl-^Mtfsanilic  Add. — Starting  with  6  g.  of  p- 
aminoacetanilide,  the  reaction  product  began  to  separate  after  a  few  min- 
utes, the  heating  being  continued  for  one  hour  on  the  water  bath.  The 
yklA  of  crude  add  was  12  g.  This  was  converted  into  the  sodium  soli 
by  dissolving  in  warm,  dil.  soditun  hydroxide  solution,  and  salting  out 
the  neutral  solution  with  saturated  sodium  acetate  solution.  Recrystal- 
lized  from  water  containing  a  small  amount  of  sodium  carbonate  to 
prevent  hydrolysis  to  the  free  add,  it  separated  as  flat,  glistening  needles 
which  contain  7  molecules  of  water  of  crystallization  when  air-dry.  It 
may  also  be  predpitated  from  its  aqueous  solution  by  the  addition  of 
alcohol. 

Subc,  air-dry,  04734;  loss  0.1057  *t  100*^  in  vacuo  over  HsS04. 
Calc.  for  7HtO:  HtO,  22.72.    Pound:  22.32. 

Subs.,   anhydrous,   0.2998;    (^eldahl)    20.50  cc.   0.1  N  HCl.    Subs.,   0.3346; 
MgiiAssO?,  0.1x93. 

Cak.  for  CuHnOiNtAsNa:  N,  9.79;  As,  17.45.    Pound:  N,  9.58;  As,  17.22. 

On  treating  a  hot  dilute  solution  of  the  sodium  salt  with  acetic  add,  the 
free  arsonic  acid  separated  slowly  as  glistening,  hexagonal  platdets. 
It  does  not  mdt  bdow  275  ®  and  is  very  sparingly  soluble  in  boiling  water 
or  50%  alcohol. 

Subs.,  0.21 17;  (Kjeldahl)  15.4  cc.  o.i  N  HCl. 
Cak.  for  Ci«HiiOsNtAs:  N,  10.32.    Pound:  10.19- 

p-Ozaminophenyl-glycyl-/>-arsanilic  Add. — 14  g.  of  chloroacetyl-arsan- 
ilic  add  and  84  g.  of  />-amino-oxanilic  add^  were  boiled  with  94  cc.  of  N 
sodium  hydroxide  solution  for  Vi  hoiu-,  the  product  separating  after  about 
10  minutes.  The  yidd  was  16.5  g.  Repredpitated  from  very  dilute,  hot 
ammoniacal  solution  with  acetic  add,  the  arsonic  add  separates  as  slightly 
1  This  Journai.,  39,  1459  (1917). 
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ptirplish  aggregates  of  microscopic  crystals  containing  i  .5  molecules  of  water 
of  oystallization.  It  is  almost  insoluble  in  boiling  water,  very  sparingly  so 
in  boiling  50%  alcohol,  and,  when  anhydrous,  darkens  above  200®,  but 
does  not  melt  below  275^.  On  heating  with  aqueous  alkali  in  attempts 
to  hydrolyze  the  oxamino  group  the  principal  products  recovered  were 
either  the  tmchanged  oxamino  compound  or  arsanilic  add,  depending  on 
the  length  of  heating  and  the  strength  of  alkali.  Heating,  howeveri 
with  I  :  I  hydrochloric  add  yidded  the  amino  compound. 

Subs.,  air-dry,  0.4539;  loss,  0.0281  in  vacuo  at  100®  over  HsS04. 

Calc.  for  CuHm07N»As.i.5HiO;  HA  5.82.    Found:  6.19. 

Subs.,  anhydrous,  0.1441;  12.2  cc.  N  (24.0*^,  754  mm.).  Subs.,  0.4027;  MgtAsiOr, 
0.1418. 

Calc.  for  CitHi<07N»As:  N,  9.61;  As,  17.13.    Found:  N,  9.65;  As,  16.99. 

/^-Oxamylaminophenyl-glycyi-^arsanilic  Acid,  p-HsNCOCONHCeHr 
NHCHJCONHC6H4ASO3HJ.— 21  g.  of  chloroacetyl-arsanilic  add  were 
dissolved  in  70  cc.  of  N  soditun  hydroxide  solution  and  added  to  a  boiling 
solution  of  12 . 6  g.  of  p-amino-oxanilamide^  in  about  300  cc.  of  water.  On 
continuing  the  boiling  the  product  separated  as  a  partly  gelatinous  mass 
which  gradually  crystallized.  After  V2  l^o^r  the  hot  solution  was  filtered 
and  the  predpitate  washed  with  hot  water.  It  was  then  suspended  in  a 
large  volume  of  hot  water  and  treated  with  soditun  carbonate  solution 
until  only  a  small,  gdatinous  residue  remained.  The  mixture  was  treated 
with  bone  black  and  filtered  through  a  hot-water  funnd  in  order  to  pre- 
vent deposition  of  the  sodium  salt  on  the  filter.  The  filtrate  was  wanned 
and  treated  with  sodium  acetate  until  oystallization  of  the  salt  commenced 
and  was  then  let  stand  in  the  refrigerator.  On  treating  a  very  dilute, 
hot  solution  of  the  salt  with  acetic  add,  the  free  arsonic  add  separated 
as  dusters  of  microscopic  needles  in  a  yidd  of  6 . 5  g.  It  is  practically  in- 
soluble in  boiling  water  or  50%  alcohol,  and  does  not  melt  bdow  285®. 

Subs.,  0.1299;  14.65  cc.  N  (24.0^,  763  mm.).    Subs.,  0.2065;  MgiAstOT*  0.0723. 
Calc.  for  CitHnOeNtAs:  N,  12.85;  As,  17.19.    Found:  N,  13.02;  As,  16.90. 

^Uraminophenyl-glycyl-^arsanilic  Add,  ^HiNC0NHCeH4NHCHr 
CONHCeHiAsOaHj. — 12  g.  of  chloroacetyl-arsanilic  add,  6.1  g.  of 
p-aminophenylurea,^  40  cc.  of  N  sodium  hydroxide  solution,  and  20  cc.  of 
saturated  sodiiun  acetate  solution  were  boiled  for  V«  hour.  On  cooling 
a  small  amount  of  predpitate  was  filtered  oflF  and  the  solution  then  satura- 
ted with  sodium  acetate  and  let  stand  in  the  ice-box.  After  24  hours  the 
predpitate  of  sodium  salt  was  filtered  oflF,  washed  with  85%  alcohol,  dis- 
solved in  warm  water,  treated  with  bone  black,  filtered,  and  the  acid 
predpitated  from  the  filtrate  by  means  of  acetic  add.  The  yidd  was  7  g. 
The  uramino  add  separates  as  spherular  masses  of  microscopic  leaflets 

»  This  Journai,,  39,  1461  (1917). 
2  Ibid.,  39,  1456  (1917)- 
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whidi  dissolve  in  boiling  50%  alcohol  and  very  sparingly  in  water.  When 
rapidly  heated  it  changes  color  above  150^  and  darkens  markedly  at 
about  210®,  but  does  not  melt  below  285*^.  , 

Subs.*  ai47i;  17.7  cc  N  (26.0^,  762  mm.).    Subs.,  0.1858;  MgsAssOr*  0.0696. 

Calc.  for  CuHnOtNiAs:  N,  1372;  As,  18.35.    Found:  N,  1378;  As,  18.08. 

m-H7drozyphenyl-gl7C7l-/>-arsanilic  Acid,  m-HOCoH4NHCHsCX)NH- 
CtH4AsQsHs. — Since  the  oily  reaction  product  from  11  g.  of  m-amino- 
phenol  was  difficult  to  obtain  in  oystalline  form,  purification  was  effected 
by  conversion  into  the  hydrochloride  by  adding  100  cc.  of  i  :  i  hydrochloric 
add  to  the  reaction  mixture.  The  salt  was  filtered  off  and  washed  with 
10%  hydrochloric  add.  A  portion,  recrystallized  from  10%  hydrochloric 
add,  separated  as  slightly  ptuplish  microcrystals  which  blacken  above 
140®  but  do  not  mdt  up  to  280**.  The  hydrochloride  loses  most  of  its 
halogen  on  boiling  with  water. 

Subs.,  0.2152  (Kjeldahl);  10.6  cc  o.i  N  HCl. 

Calc.  for  CwHuOtNfAs.HCl:  N,  6.96.    Found:  6.90. 

The  main  portion  of  this  salt  was  suspended  in  water  and  dissolved  by 
the  addition  of  sodium  hydroxide  solution.  On  addif5dng  with  hydro- 
chloric add  until  just  faintly  add  to  congo  red  a  considerable  amount  of 
gummy  material  was  predpitated  and  was  collected  with  bone  black  and 
quickly  filtered  off.  The  dear,  almost  colorless  filtrate  deposited  the 
crystalline  arsonic  add  on  scratching..  It  was  purified  by  again  dis- 
solving in  dil.  sodium  hydroxide  solution  and  addifying  with  an  excess 
of  acetic  add.  The  pure  arsonic  add  separated  as  pale  pink,  wedge- 
shaped,  microscopic  prisms  which  contained  3.5  molecules  of  water  of 
crystallization  after  air  drying.  The  yield  was  15 . 5  g.  On  rapid  heating 
the  arsonic  add  mdts  at  about  80^  in  its  water  of  crystallization,  but 
nq>idly  resolidifies.  On  further  heating  it  turns  purple  at  about  180^  and 
then  gradually  softens  and  chars  as  the  temperature  is  raised.  It  is  easily 
soluble  in  ethyl  or  methyl  alcohol  or  acetone.  It  dissolves  less  readily 
in  glacial  acetic  add  and  then  separates  on  scratching  ia  a  different  form, 
presumably  owing  to  dehydration.  Dilution  with  water  redissolves  the 
crystals.  It  dissolves  readily  in  boiling  water  and  separates  on  cooling 
as  a  caseous  mass. 

Subs.,  air-dry,  0.6257;  loss,  0.0893  in  vacuo  at  100®  over  HsS04. 

Cak.  for  Ci4HuO»NjAs.3.5HiO:  HiO,  14.68.    Found:  14.27. 

Subs.,   anhydrous,   0.1682;    (Kjeldahl)    9.35    cc.   o.oi  N  HCl.    Subs.,   0.2541; 
MgtAsiOr,  0.1064. 

Calc.  for  CmHuOsNiAs:  N,  7.66;  As,  20.48.     Found:  N,  7.78;  As,  20.21. 

p-Hydrozyphenyl-glycyl-p-arsanilic  Add. — (From  4.5  g.  of  p-amino- 
phenol.)  After  a  few  minutes  the  reaction  product  separated  from  the 
dear  solution  and  the  mixture  was  then  transferred  to  the  water  bath 
and  heated  one  hoiu*.     For  purification  the  precipitate  was  dissolved  by 
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neutralization  of  an  aqueous  suspension  with  soditun  hydroxide,  and  the 
filtered  solution  treated  with  i  :  i  hydrochloric  acid  until  the  precipitate 
which  first  formed  had  redissolved.  The  copious  precipitate  of  the  hydro- 
chloride of  the  arsonic  acid  which  separated  on  scratching  was  filtered 
oflE.  Yield,  1 1  g.  On  dissolving  in  a  small  volume  of  dil.  sodium  hydrox- 
ide solution  and  exactly  neutralizing  with  acetic  add,  the  sodium  salt 
separated  on  standing  in  the  ice-box.  Recrystallized  from  a  small  volume 
of  water,  it  forms  aggregates  of  microscopic  needles  which  contaJn  one 
molecule  of  water  of  crystallization  and  dissolve  sparingly  in  wat^  at  o** 
and  readily  on  warming.  The  aqueous  solution  of  the  salt  gives  a  slowly 
developing  pale  lilac  color  with  ferric  chloride. 

Subs.,  air-dry,  0.3783;  loss,  0.0143  at  100*  in  vacuo  over  H1SO4. 

Calc.  for  Ci4Hi40sNtAsNa.HsO:  -HA  4-43-    Found:  3.78. 

Subs.,  anhydrous,  0.2833;  (Kjeldahl)  14.0  cc.  o.i  N  HCl;  MgiAsiO?,  0.1 134. 

Calc.  for  Ci4Hi40iNtAsNa:  N,  7.22;  As,  19.30.    Found:  N,  6.92;  As,  19.32. 

On  acidifying  a  hot  solution  of  the  salt  with  acetic  add  the  free  arsonic 
acid  separates  as  aggregates  of  microscopic  hairs  which  contain  approxi- 
mately one  molecule  of  water  of  crystallization.  The  substance  is  almost 
insoluble  in  boiling  water  or  50%  alcohol,  and,  when  anhydrous,  blackens 
and  sinters  above  200®,  but  does  not  mdt  entirely  bdow  280**. 

Subs.,  air-dry,  0.4903 ;  loss,  0.0265  at  100®  in  vacuo  over  HtSOi. 

Calc.  for  CuHuO*NjAs.HsO:  H,0,  4.69.    Found:  540. 

Subs.,  anhydrous,  0.1532;  10.2  cc.  N  (21.5®,  750  mm.). 

Calc.  for  CmHuOiNsAs:  N,  7.65.    Found:  7.62. 

m-Carboxamidophenyl-glycyl-^arsanilic  Acid,  W-H2NCOC6H4NHCH8- 
CONHCeHiAsOsHaCp). — ^After  one  horn*  5.5  g.  of  w-aminobenz- 
amide^  )delded  an  oil  on  cooling  which  readily  crystallized,  giving  10.5 
g.  of  the  crude  arsonic  acid.  The  neutral  solution  of  the  crude  add  in 
dil.  sodimn  hydroxide  was  salted  out  with  several  volumes  of  saturated 
soditun  acetate  solution,  and  the  sodium  salt  recrystallized  by  treating  its 
warm  concentrated  solution  with,  alcohol  imtil  a  slight  permanent  tur- 
bidity remained.  Under  these  conditions  the  salt  crystallized  as  radia- 
ting masses  of  flat  needles  containing  one  molecule  of  water  of  crystalliza- 
tion. 

Subs.,  air-dry,  0.6223;  loss,  0.0276  in  vacuo  at  100^  over  HtS04. 

Calc.  for  CwHuOBNtAsNa.HsO:  HjO,  4.16.    Found:  4.44. 

Subs.,  anhydrous,  0.2967;  (Kjeldahl)  21.3  cc.  o.i  N  HCl;  MgiAstOr,  0.1098. 

Calc.  for  CisHuOtNtAsNa:  N,  10.13;  As,  18.06.    Found:  N,  10.06;  As,  17.87. 

On  treating  a  hot  solution  of  the  sodium  salt  with  acetic  add,  the 
arsonic  acid  gradually  separated  on  scratching  as  microscopic  needles. 
It  is  very  diflScultly  soluble  in  boiling  water  or  acetic  add  but  dissolves 
somewhat  more  easily  in  boiling  50%  alcohol.  When  rapidly  heated 
to  245  **,  then  slowly,  it  darkens  and  then  decomposes  at  248**. 
»  This  Journal,  39i  1438  (1917)- 
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Subs.,  0.2137  (Kjddahl);  23.0  cc.  0.1  N  HCl. 
Calc.  for  Ci»Hi«OiNftAs:  N,  10.68.    Found:  10.76. 

AT-Phenylglyciiieaiiilide-m-carbozureide-^'-arsonic  Acid,  p-HjOjAs- 
C«H4NHCOCH|NHC«H4CONHCONH2(m).  —  Starting  with  5.4  g.  of 
m-aminobenzoylurea^  a  dear  solution  was  rapidly  obtained  and  the  arsonic 
add  was  deposited  during  the  heating.  After  cooling  and  filtering  the 
add  was  suspended  in  a  little  water,  treated  with  a  very  slight  excess  of 
soditun  hydroxide  and  filtered  from  a  Uttle  insoluble  material  after  ex- 
actly neutralizing  with  acetic  add.  The  addition  of  powdered,  crystalline 
soditun  acetate  to  the  filtrate  3ddded  the  sodium  salt.  This  was  dissolved 
in  a  small  volume  of  hot  water  and  treated  with  an  equal  volume  of  alco- 
b<A.  On  standing  in  the  cold  the  salt  separated  as  flat,  microscopic  needles 
containing  3  molecules  of  wa,ter  of  crystallization.    The  yidd  was  7 . 3  g. 

Subs.,  air-dry,  a5948;  loss,  0.0625  in  vacuo  at  100^  over  HsSOi. 

Calc  for  Ci«Hi«08N4AsNa.3HsO:  HjO,  10.55.     Found:  10.50. 

Subs.,  anhydrous,  0.1443;  15.35  cc.  N  (23.0**,  756  mm.). 

Subs.,  0.3214;  MgiAstOr,  0.1073. 

Calc  for  Ci«HifOiN4AsNa:  N,  12.23;  As,  16.36.    Pound:  N,  12.21;  As,  16.11. 

On  adding  acetic  add  to  a  dilute  solution  of  the  salt  the  free  acid  sepa- 
rated slowly  as  spherules  of  microscopic  needles  which  darken  when  rapidly 
heated  and  decompose  at  about  280^.  The  add  is  almost  insoluble  in 
boiling  water  or  50%  alcohol. 

Subs.,  0.1441;  15.8  cc.  N  (20.0*,  758  mm.). 
Calc  for  CifHnOfNiAs:  N,  12.84.    Pound:  12.74. 

^Carboxamidophen7l-glycyl-/>-arsamlic  Add,  f-HjNCOC«H4NHCH2- 
CONHCeHiAsOiHjC^). — ^This  substance,  prepared  from  5.5  g.  of  />- 
aminobenzamide,'  separated  from  the  boiling  reaction  mixtm-e  within  a 
few  moments,  the  heating  bdng  continued  on  the  water  bath  for  one  hoiu* 
longer  and  the  arsonic  add  then  filtered  off,  washed  with  water  and  alco- 
hol, and  dried.  The  )ddd  was  13  g.  It  was  suspended  in  about  100  cc. 
of  warm  water,  dissolved  by  neutraUzing  with  sodiiun  hydroxide,  and  the 
solution  filtered  and  let  stand  in  the  ice-box.  13  g.  of  the  sodium  salt 
separated  as  glistening  platdets  containing  2  molecules  of  water  of  crys- 
tallization. The  salt  is  qidte  sparingly  soluble  in  ice  water,  more  easily 
on  wanning. 

Subs.,  air-dry,  1.0357;  loss,  0.0857  in  vacuo  at  100**  over  H2SO4. 

Calc.  for  CMHuO»N»AsNa.2HsO:  HsO,  7.99.     Pound:  8.27. 

Subs.,  anhydrous,  0.2995;  (Kjeldahl)  21.  3  cc.  o.i  iV  HCl;  MgtAssO?,  0.1135. 

Caic  for  CuHuOiNiAsNa:  N,  10.13;  As,  18.06.    Pound:  N,  9.96;  As,  18.29. 

Addition  of  acetic  add  to  the  filtrate  from  the  sodium  salt  gave  a  small 
amount  of  the  free  add  as  microscopic  prisms  which  do  not  mdt  bdow 
275®  and  are  practically  insoluble  in  boiling  water  or  50%  alcohol. 

» Tras  JouRNAi,,  39,  1439  (1917). 

*Ihid.,  39,  1436  (1917)*  paragraph  2. 
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Subs.,  0.2075;  (Ejddahl)  15.6  on.  0,1  N  HCl. 
Calc  for  Ci»HitO»NiAs:  N,  10.69.    Pound:  10.53. 

AT-PhenylgiycineaiiiUde-p-acetamide-p'-arsoaic  Add,  HsQtAs  ^      ^ 

NHCOCHiNH<^^  yCHjCOlSlKt.  —  (From  p-aminophenyl-acetamidc-O 
The  oil  which  separated  on  cooling  soon  crystallized  on  rubbing,  and  after 
dilution  of  the  mixture  with  water,  the  crude  substance  was  filtered  off, 
washed,  and  dissolved  in  dilute  aqueous  ammonia.  On  adding  a  slight 
excess  of  acetic  add  an  amorphous  imparity  quickly  separated.  This  was 
filtered  oflf,  after  which  the  piu-e  add  separated  slowly  as  aggregates  of 
microscopic  platdets  which  darken  and  soften  above  180^  and  decompose 
completdy  at  256-8°.  It  dissolves  with  diflSculty  in  boiling  water,  more 
easily  in  boiling  50%  alcohol  or  acetic  add. 

Subs.,  0.1360;  12.0  cc.  N  (25.5*,  761  mm.).    Subs.,  0.32x4;  MgiAsiO?,  0.1210. 
Calc.  for  CitHisOftNiAs:  N,  xo.32;  As,  18.41.    Pound:  N,  lo.ii;  As,  18.17. 

A^-Phenylglycinanilide-p-acetureide-p'-arsonic  Acidi  HsOsAsCfHiNH- 
COCHJSrHC6H4CHtCONHCONH2.  —  (From  p  -  amino  -  phenylacetyl  - 
urea.^)  The  dear  solution  which  immediatdy  formed  on  boiling  set 
after  a  few  minutes  to  a  solid  mass  of  crystals  and  it  was  necessary  to  con- 
tinue the  heating  on  the  water  bath.  After  diluting  with  water,  the 
crude  product  was  filtered  oflf,  washed,  taken  up  in  a  little  hot  water,  and 
treated  with  sodium  carbonate  until  faintly  alkaline.  The  insoluble, 
gelatinous  residue  was  collected  with  bone  black  and  the  filtrate  treated 
with  soditun  acetate  until  the  soditun  salt  of  the  arsonic  add  began  to 
separate.  The  salt  was  converted  into  the  free  add  by  addition  of  acetic 
add  to  its  hot,  dilute  solution.  The  product  so  obtained  was  further 
purified  by  repredpitating  its  very  dilute,  hot,  ammoniacal  solution  with 
acetic  add.  The  ptu'e  arsonic  add  separated  slowly  as  rosets  of  micro- 
scopic hairs  which  contained  0.5  molecule  of  water  of  crystallizaticm. 
The  anhydrous  compound  darkens  above  230°  and  decomposes  at  270-3°. 
It  is  sparingly  soluble  in  boiling  water  or  50%  alcohol. 

Subs.,  air-dry,  0.5047;  loss,  0.0094  ^  vacuo  at  xoo^  over  HtS04. 
Calc.  for  Ci7Hi90«N4As.o.5HiO:  H|0,  1.96.    Found:  1.86. 

Subs.,  anhydrous,  0.1409;  15.3  cc.  N  (22.0^  756  mm.).    Subs.,  0.2920;  Me^iAstO?, 
0.10x7. 

Calc.  for  Ci7Hi»0«N4As:  N,  X2.45;  As,  16.64.    Found:  N,  12.49;  As,  16.81. 

Ar-Phenyl^ycineanilide-p-hydroxyacetic  Ether  Add-/?'-arsonic  Add, 
HgOtAs  <C^>  NHCOCH2HN  <f"^  OCH2COOH.  —  3  g.  of  chloro- 
acetyl-arsanilic  add  and  2  g.  of  f-aminophenoxyacetic  add*  were  dis- 
solved in  20  cc.  of  N  soditun  hydroxide  solution  and  boiled  for  V2  hour. 
The  crude  reaction  product  was  filtered  oflT  and  recrystallized  from  50% 

1  Tras  Journal,  39,  1444  (1917)- 

« Ibid,,  39,  2433  (1917). 

*  Ibid.,  39,  2196  (1917). 
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acetic  acid,  separating  as  minute,  pale  brown,  wedge-shaped  plates  con- 
taining 1 . 5  molecules  of  water  of  crystallization.  The  add  is  almost  in- 
soluble in  boiling  water  or  50%  alcohol,  and  when  anhydrous  darkens 
above  180®  and  decomposes  at  about  275°. 

Subs.,  air-dry,  0.6434;  loss  0.0404,  in  vacuo  at  100*^  over  HsS04. 
Calc.  for  CitHi707NiAs.i.5HtO:  HfO,  5.99.    Found:  6.28. 

Subs.,  anhydrous,  0.3070;  (Kjeldahl)  14.9  cc.  o.i  iV  HCl.    Subs.,  0.3300;  MgsAssO?. 
0.1205. 

Calc  for  CuHnOrNiAs:  N,  6.61;  As,  17.67.  <  Found:  N,  6.80;  As,  17.62. 

AT-Phenylglycineanilide-^hydrGzyacetic  Ether  Acid  Amide-p'-arsonic 
Add,  f-HtQ,AsC«H4NHCOCHJSrHCJH40CH,CONH2(/>).— (From  4  g. 
of  p-amino-phenoxyacetamide.O  The  new  arsonic  acid  separated  al- 
most at  once  and  after  heating  on  the  water  bath  for  an  hour  longer  it 
was  filtered  off  and  washed  with  water.  A  suspension  of  the  add  in  a  small 
volume  of  water  was  treated  with  a  very  slight  excess  of  sodiiun  hydroxide, 
quickly  made  exactly  neutral  to  litmus  with  acetic  add,  and  the  dark 
solution  filtered.  After  adding  soditun  acetate  to  the  filtrate  the  sodium 
soli  separated  on  standing  and  was  filtered  off,  dissolved  in  a  little  water, 
and  repredpitated  with  one  to  two  volmnes  of  alcohol.  It  crystallized 
in  slightly  gra3dsh  rosets  of  flat,  glistening  needles  which,  after  washing 
with  85%  alcohol  and  air-drying,  contained  4  mcdecules'of  water  of  crys- 
tallization. The  yidd  was  3.2  g.  A  dilute,  aqueous  solution  of  the 
salt  gives  immediate  predpitates  with  silver  or  copper  ions,  a  slow-form- 
ing, crystalline  predpitate  with  Ca++,  and  no  predpitate  with  Ba+"'". 

Subs.,  air-dry,  0.5303;  loss,  0.0720,  in  vacuo  at  100^  over  H2SO4. 

Calc.  for  Ci6Hi70tNiAsNa.4HiO:  HjO,  13.93.    Found:  13.57. 

Subs.,  anhydrous,  0.1465;  12.4  cc.  N  (24.0^  750  mm.).    Subs.,  0.3069;  MgiAssO?, 

0.1055. 

Calc.  for  CiiHi70iN|AsNa;  N,  9.44,  As,  16.84.    Found:  N,  9.61;  As,  16.59. 

The  free  acid  obtained  from  the  salt  with  acetic  add  separates  slowly 
as  woolly  masses  of  delicate  needles  which  are  practically  insoluble  in 
boiling  water  or  50%  alcohol  and  which  darken  somewhat  but  do  not 
mdt  bdow  265  ^ 

Subs.,  0.1484;  (Kjeldahl)  10.45  cc.  o.i  N  HCl. 

Calc.  for  CieHiiOeNiAs:  N,  9.93.    Found:  9.87. 

AT-Phenylgiydneanilide-p-hydrGzyacetic  Ether  Add  Ureide-p'-arsonic 
Acid,  /^-H,0,AsC«H4NHCOCHJSrHC«H40CH,CONHCONH2.  —  Starting 
with  2 . 2  g.  of  p-amino-phenoxyacetylurea,*  the  new  arsonic  acid  separated 
during  the  heating.  The  washed  product  was  dissolved  in  hot,  dil.  sodium 
acetate  solution,  filtered,  and  saturated  soditun  acetate  solution  added 
to  the  filtrate  until  crystallization  of  the  sodium  salt  started.  For  final 
purification  this  was  dissolved  in  a  littie  hot  water  and  the  solution  treated 

1  Tms  JouRNAi,,  39,  2423  (i9i7)- 

*Ibid„  39,  2435  (1917). 
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with  alcohol  until  crystallization  again  started.  After  letting  stand  in 
the  cold  the  salt  was  filtered  oflf,  washed  with  85%  alcohol,  and  air-dried. 
As  so  obtained  it  forms  resets  of  minute  leaflets  which  contain  4  mole- 
cules of  water  of  aystallization. 

Subs.,  air-dry,  0.4633;  loss,  0.0595  **»  vacuo  at  loo*  over  HsS04. 

Calc.  for  Ci7Hu07N4AsNa.4HiO:  HjO,  12.86.    Found:  12.84. 

Subs.,  anhydrous,  0.1575;  15.4  cc.  N  (22. o*,  764  mm.). 

Calc.  for  Ci7H«07N4AsNa:  N,  11.48.    Found:  11.38. 

On  addification  of  a  hot  solution  of  the  salt  with  acetic  acid  the  free 
acid  was  obtained  as  feathery  aggregates  of  minute  platelets  which  are 
almost  insoluble  in  boiling  water  or  50%  alcohol.  When  rapidly  heated 
to  255®,  then  slowly,  the  acid  decomposes  at  257-8**  with  preliminary 
darkening. 

Subs.,  0.1680;  (^eldahl)  14.25  cc.  o.i  N  HCl.    Subs.,  0.3140;  MgtAssO?,  0.1034. 
Calc.  for  CnHuO/NiAs:  N,  12.02;  As,  16.07.    Foimd:  N,  11.88;  As,  15.89. 

Ar-Phenylglycineamlide-/>-glycineamide-p'-arsonic  acid,  H20»As^_y 

NHCOCHtN<(       ^NHCHtCONH,.— Carefully  purified  ^-aminophenyl- 

H   

glydneamide^  yielded  a  thick  oil  which  slowly  crystallized  on  rub- 
bing and  letting  stand,  and  in  subsequent  preparations  crystallization, 
could  be  immediately  induced  by  seeding  and  continued  warming  on  the 
water  bath.  The  mixture  was  filtered  hot  in  order  to  eliminate  the  tar 
which  separated  from  the  filtrate  on  cooling.  The  arsonic  add  was 
washed  with  hot  water,  suspended  in  a  considerable  volume  of  hot  water, 
and  dissolved  by  adding  ammonia.  The  solution  was  then  treated  with 
bone  black,  and  on  adding  acetic  add  to  the  yellow  filtrate  the  arsonic 
add  separated  on  standing  overnight.  It  forms  crusts  of  spherical  ag- 
gregates of  micro-crystals  which  become  ochreous  in  color  on  exposure  to 
the  air.  When  air-dried  it  contains  approximatdy  i  .5  molecules  of  water 
of  aystallization.  The  anhydrous  substance  darkens  at  about  200° 
but  does  not  mdt  bdow  285  **,  and  is  rather  sparingly  soluble  in  boiling 
water  or  50%  alcohol. 

Subs.,  air-dry,  0.7072 ;  loss,  0.0468  in  vacuo  at  100^  over  HtSOi. 

Calc  for  Ci»Hi»06N4As.i.5HtO:  HsO,  6.02.    Found:  6.62. 

Subs.,  anhydrous,    0.1522;    (Kjddahl)    13.90    cc.   o.i  N   HCI.    Subs.,  0.2610; 
MgtAsiO?,  0.0990. 

Calc  for  CitHigOiNtAs:  N,  13.27;  As,  17.75-    Found:  N,  12.78;  As,  18.31.. 

Ar-Phenylgl7cineanilide-44'-diarsonic  add,  H20sAsCeH4NHCH3CO- 
NHC6H4AsOtHi. — ^4.4  g.  of  arsanilic  acid  and  6  g.  of  chloroacetyi- 
arsanilic  add  were  dissolved  in  40  cc.  of  N  sodiiun  hydroxide  solution 
(2  mols.)  and  boiled  for  30  minutes,  during  which  the  product  began  to 
separate.  After  cooling,  the  mixture  was  treated  with  an  excess  of  hydro- 
» Tms  JOOTNAL,  39i  1459  (1917)- 


Digitized  by 


GooQle 


AT-SUBSntUTBD  GI*YCYLAR3ANILIC  ACIDS.  1821 

chloric  add  to  complete  the  separation.  The  substance  was  purified 
by  redissolving  in  dilute  alkali  and  repredpitating  with  hydrochloric  add. 
It  separated  at  once  as  sheaves  of  microscopic  needles,  which  contain 
one-half  molecule  of  water  of  crystallization.  The  anhydrous  substance 
does  not  melt  up  to  280°.  It  is  insoluble  in  boiling  water  and  very  spar- 
ingly soluble  in  hot  50%  alcohpl. 

Subs.,  air-dry,  0.6798;  loss,  0.0103  in  vacuo  at  100®  over  HsSOi. 

Calc.  for  Ci4Hi607N»Ast.o.5HtO:  HjO,  i.86.    Found:  1.52. 

Subs.,  anhydrous,  0.3313;  (Kjeldahl)  13.4  cc.  o.i  N  HCl;  MgtAstOr,  0.2195. 

Calc.  for  CiiHieOTNjAst:  N,  5.91;  As,  31.62.    Found:  N,  5.67;  As,  31.98. 

^Acetophenyl-glycyl-^arsanmc  acid,  ^-CH8COC6H4NHCH2CONH- 
C«HiAs08H2(/>). — 2.8  g  of  />-aminoacetophenone  yidded  the  yellow 
arsonic  add  after  a  few  minutes  and  the  heating  was  continued  on  the 
-water  bath  for  ^/i  hour.  The  collected  solid  was  suspended  in  a  moderate 
amotmt  of  hot  water,  treated  with  sodium  hydroxide  tmtil  faintly  alkaline, 
filtered,  and  the  add  repredpitated  from  the  hot  solution  with  acetic  add. 
The  purified  product  was  again  suspended  in  hot  water,  dissolved  as 
above,  and  the  solution  treated  with  sodium  acetate  imtil  the  sodium  salt 
of  the  arsonic  add  began  to  separate.  After  cooling  and  washing  with 
cold  water  the  yidd  was  4. 5  g.  Recrystallized  from  water,  in  which  it  is 
sparingly  soluble  in  the  cold,  the  salt  forms  minute,  narrow,  pale  yellow, 
glistening,  platelets  containing  3  molecules  of  water  of  crystallization. 

Subs.,  air-dry,  1.0979;  loss,  0.1258,  in  vacuo  at  100^  over  HsSOi. 

Calc.  for  Ci6Hi60»NjAsNa.3HiO:  HjO,  11.54.    Found:  11.46. 

Subs.,  anhydrous,  0.1620;  9.85  ccN  (24.0^  762  mm.).  Subs.,  0.3201 ;  MgsAsfO?, 
0.1 187. 

Calc.  for  CieHitOiNsAsNa:  N,  6.76;  As,  18.09.    Found:  N,  7.00;  As,  17.88. 

The  ptu^  acid  was  obtained  from  a  hot,  dilute  solution  of  the  sodium  salt 
with  acetic  add.  It  forms  radiating  masses  of  faintly  yellow,  microscopic 
needles  which  darken  and  decompose  partially  when  heated,  but  do  not 
mdt  bdow  290^.  The  add  is  practically  insoluble  in  boiling  water  and 
only  very  sparingly  so  in  boiling  50%  alcohol. 

Subs.,  ai323;  8.25  cc  N  (24.0®  765  nmi.). 
Calc.  for  CieHnOftNtAs:  N,  7.15.    Found:  7.22. 
Nbw  York,  N.  Y. 
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[Contribution  from  the  Laboratories  ob  the  Rockevbllsr  Institute  vor 

Medical  Research.] 

AROMATIC  ARSENIC  COMPOUNDS.    VI.   Ar-(PHENYL-4-AR- 
SONIC  ACID)-a-PHENYLGLTCINB  AND  ITS  AMIDES. 

Bt  Walter  A.  Jacobs  and  Michael  Heidelberger. 

Received  July  2,  1919. 

As  a  special  extension  of  the  general  t3rpe  of  substances  represented 
by  the  substituted  amides,  ureides  and  anilides  of  the  phenylglydne 
arsonic  adds,*  A/'-(phenyl-4-arsonic  acid)-a-phenylglycine, 

HiQsAs^       ^NHCHCONHR 


0 


its  amide,  ureide  and  a  few  of  the  substituted  anilides  were  prepared  and 
studied.  With  the  exception  of  the  glycine  itself,  which  was  obtained 
by  hydrolysis  of  the  amide,  these  substances  were  made  from  sodium 
arsanilate  and  the  phenylchloroacetyl-amino  compotmds.  It  was  neces- 
sary in  every  case  to  employ  sodiiun  iodide  in  50%  alcoholic  solution  in 
order  to  accelerate  the  condensation,  since  the  chloro  compounds  alone 
showed  little  tendency  to  react. 

The  general  properties  of  this  group  of  substances  resemble  those  of 
the  simpler  glycine  derivatives. 

Experimental. 
iV-(Phenyl-4-ar8onic  Acid)-a-phen7lgl7cine,  /?-HiO,AsC«H4NHCH- 
(C«HB)COtH. — ^Although  this  substance  unquestionably  cotdd  be  pre- 
pared from  arsanilic  add  and  a-phenylchloroacetic  add  jist  as  phenyl- 
glycine  ^-arsonic  add  has  been  prepared,  we  have  obtained  it  by  hy- 
drolysis of  the  corresponding  amide  described  below,  and  which  we  had 
previously  prepared. 

30  g.  of  the  sodiiun  salt  of  A/'-(phenyl-4-arsonic  add)-a-phenylglycine- 
amide  were  dissolved  in  about  5  parts  of  10%  sodium  hydroxide  solution 
and  boiled  for  about  15  minutes,  after  which  the  evolution  of  ammonia 
ceased.  On  adding  hydrochloric  add  to  the  chilled  solution  until  add 
to  Congo  red  the  free  arsonic  add  separated  as  a  colorless  oil  which  rapidly 
crystallized.  The  compound  was  recrystallized  from  a  large  volume  of 
boiling  water,  forming  lustrous,  rhombic  plates.  The  yidd  was  20  g. 
When  rapidly  heated  to  195  ^  then  slowly,  the  add  darkens  and  sinters, 
and  finally  efiFervesces  at  202-3°.  It  is  sparingly  soluble  in  the  cold  in 
water,  alcohol  or  acetic  add,  but  dissolves  more  readily  on  warming.  It 
is  more  easily  soluble  in  methyl  alcohol. 

Subs.,  0.2077  (Kjeldahl);  6.1  cc.  o.i  iV  HCl.     Subs.,  0.2674;  MgsAssO?,  0.1168. 

Calc.  for  CmHmOiNAs  :  N,  3 .99 ;  As,  2 1 .36,     Found :  N,  4. 1 1 ;  As,  2 1 .  10, 

1  This  Journal,  41,  1585  (1919). 


Digitized  by 


GooQle 


Ar-PHBNYL-(4-ARSONIC  ACID)-a-PHBNYLGLyCINB.  1823 

A^-(Pheiiyl-4-ar80iiic  Acid)-cK-phenylgl7ciiieamide,  ^-H203AsC«H4NH- 
CH(C6H|)CONH2. — 87  g.  of  arsanilic  add  dissolved  in  400  cc.  of 
N  sodium  hydroxide  solution,  80  g.  of  sodium  iodide,  68  g.  (i  mol.)  of 
phenylchloroacetamide,  and  500  cc.  of  alcohol  were  boiled  for  4  hotu^. 
The  mixture  set  to  a  solid  cake  on  cooling.  This  was  disintegrated  and 
stirred  with  dil.  hydrochloric  add  until  add  to  congo  red.  The  crude 
arsonic  add  obtained  in  this  way  was  pimfied  through  the  sodium  salt 
as  described  below.  On  dissolving  a  portion  of  this  in  water  and  adding 
acetic  acid  the  free  arsonic  add  gradually  separates  as  microscopic  needles 
which  do  not  melt  below  280**.  The  substance  is  sparingly  soluble  in 
boiling  water  or  50%  alcohol  and  practically  insoluble  in  the  cold. 

Subs.,  0.3260  (Kjeldahl);  19.05  <ifc.  o.i  N  HCl.    Subs.,  0.3055;  MgiAstOr,  0.1337. 

Calc.  for  C14H11O4NSAS:  N,  8.00;  As,  21.39.    Found:  N,  8.19;  As,  21.12. 

Sodium  Scdt — The  crude,  washed  add  was  suspended  in  warm  water, 
stirred,  and  treated  with  50%  sodium  hydroxide  solution  imtil  dear. 
After  exactly  neutralizing  to  litmus  with  acetic  add  the  warm  solution 
was  filtered,  stirred,  and  treated  with  powdered  sodium  acetate  until 
crystallization  of  the  arsonate  began.  After  standing  in  the  ice-box 
overnight  the  salt  was  filtered  oflF,  washed  first  with  20%  sodium  acetate 
solution,  then  with  alcohol,  and  finally  recrystallized  from  alcohol,  form- 
ing granular  aggregates  of  plates.  The  3ridd  of  air-dried  salt  was  76  g., 
the  amoimt  of  water  of  crystallization  varying  from  3 . 5  to  5  molecules 
in  different  preparations.  The  salt  dissolves  readily  in  water  or  boiling 
alcohol. 

Prepn.  i:  Subs.,  air-dry,  0.3384;  loss,  0.0659  ♦*»  vacuo  at  100®  over  HsS04. 
Prepn.  2:  Subs.,  0.6091 ;  loss,  0.0931. 

Calc.  for  Ci4Hi404NiAsNa.3.5HtO:  HjO,  14.48.    For  5  HsO:  H,0,  1948. 
Pound:  Prepn.  2:  HsO,  15.28.     Prepn.  i:  HsO,  19.47. 
I — Subs.,  anhydrous,  0.2592;  (Kjeldahl)  13.80  cc.  o.i  N  HCl. 
2 — Subs.,   anhydrous,  0.1577;    10.6   cc.   N    (25.5**,    758   mm.).    Subs.,  0.3242; 
MgsAstOr,  O.I335- 

Calc.  for  Ci4HM04N2AsNa:  N,  7.53;  As,  20.13.    Found:  N,  7.46,  7.67.  As,  19.88. 

i\r-(Phen7l-4-arsonic  acid)-a-phenylgiycineureide,  />-HjOsAsC«H4NH- 
CH(C«H|)C0NHC0NH2.  — 4.4  g.  of  arsanilic  acid,  5.3  g.  (1.25 
mols)  of  phenylchloroacetyl-urea,^  4  g.  of  sodium  iodide,  21  cc.  of  N 
sodium  hydroxide  solution,  and  22  cc.  of  alcohol  were  boiled  on  the  water 
bath  for  two  hours.  On  cooling,  acidifying  to  congo  red,  and  rubbing, 
the  glydneureide  oystallized.  The  collected  substance  was  purified  by 
suspending  in  water,  adding  sodium  hydroxide  tmtil  faintly  alkaline  to 
litmus,  filtering,  diluting  with  hot  water,  and  acidifying  with  acetic  add. 
The  arsonic  add  gradually  separates  in  radiating  masses  of  microscopic 
needles  which  contain  one  molecule  of  water  of  crystallization  when  air- 
dried.  When  rapidly  heated  the  anhydrous  substance  swells  and  evolves 
»  Tras  JouRNAi,,  39,  2433  (1917)- 
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gas  at  195-7  **.  It  is  soluble  in  boiling  water  or  50%  alcohol,  but  sparingly 
so  in  the  cold.    The  yield  was  3 . 5  g. 

Subs.,  air-dry»  0.4267;  loss,  0.0199,  in  vacuo  at  100°  over  HsSOi. 

Calc.  for  CuHieOjNiAs.HiO:  HiO,  4.38.     Found:  4.66.  ' 

Subs,  anhydrous,  0.3048  (Kjeldahl) ;  23.1  cc.  o.i  N  HCl.  Subs.,  0.3045 ;  MgtAsiO?, 
0.1 196. 

Calc.  for  CitHieOiNtAs:  N,  10.69;  As,  19.06.    Found:  N,  10.62;  As,  18.95. 

Ar-(Phenyl-4-arsonic  Acid)-a-phenylglycine-3  '-hydrozyanilide,  p- 
H203AsC«H4NHCH(C«H6)CONHC«H40H(w-).— 10.5  g.  of  m-phenyl- 
chloroacetyl-aminophenol,^  were  employed  as  in  the  previous  cases. 
The  resulting  purple  solution  was  diluted  with  water  and  decanted  from 
the  gummy  precipitate,  which  was  digested  on  the  water  bath  with  hot 
water.  As  oystallization  could  not  be  induced  the  mixture  was  set  aside 
for  about  a  month,  when  aystals  began  to  form.  The  process  was  ac- 
celerated by  warming  and  stirring,  and  the  crystals  were  finally  filtered 
from  the  hot  solution  and  washed  with  hot  water.  The  dark  purple 
product  was  recrystallized  twice  from  50%  alcohol,  separating  slowly 
as  purplish,,  lenticular,  microscopic  platelets,  which  contain  1.5  mole- 
cules of  water  of  crystallization  when  air-dry  and  efiFervesce  at  155-60®. 
The  yield  was  4.5  g.  When  rapidly  heated  to  155 ^  then  slowly,  the  an- 
hydrous arsonic  add  softens  at  about  155-60®  and  melts  and  evolves 
gas  at  about  200-10®.  It  is  appreciably  soluble  in  methyl  alcohol,  and  in 
dilute,  as  well  as  strong  alcohol.  It  melts  in  boiling  water,  in  which  it  is 
appreciably  soluble,  and  separates  on  cooling  as  an  emulsion.  It  is  in- 
soluble in  hot  acetone. 

Subs.,  air-dry,  0.5600;  loss,  0.0333,  in  vacuo  at  100*  over  HsSOi. 

Calc.  for  CjoHitO»NsAs.i.5HsO:  HsO,  5.76.    Found:  5.95. 

Subs,  anhydrous,  0.0917;  5.0  cc.  N  (20.8^,  756  mm.).  Subs.,  0.3040;  MgiAsiOr, 
0.1056. 

Calc.  for  CsoHigOftNtAs:  N,  6.34;  As,  16.96.    Found:  N,  6.31;  As,  16.76. 

iV-(Phenyl-4-arsonic  Acid)-a-phenylglycine-4'-uramiiioanilid69  p- 
H20sAsC«H4NHCH(C6H6)CONHC«H4NHCONH,(/>-).  —  The  condensa- 
tion of  arsaniUc  acid  and  /^-phenylchloroacetyl-aminophenyl-urea*  (12.2 
g.)  was  efifected  exactly  as  in  the  preceding  example.  Crystallization  of 
the  product,  which  started  on  cooling  and  scratching,  was  complete  after 
24  hours.  After  washing  with  50%  alcohol  the  substance  was  dissolved 
in  dil.  sodium  hydroxide,  the  solution  neutralized  to  litmus  with  acetic 
acid,  filtered,  diluted  with  hot  water,  and  acidified  with  acetic  add.  The 
arsonic  add  separated  as  a  gummy  mass  which  gradually  hardened  and 
was  then  filtered  off  and  washed  with  water.  The  3ddd  was  11  g.,  de- 
composing after  drying  in  vacuo  at  100®  at  about  255®  with  preliminary 
darkening  and  softening.  It  dissolves  in  boiling  50%  alcohol,  but  is 
very  diflScultly  soluble  in  boiling  water. 
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Subs.,  0.1414;  14.2  cc.  N  (23.0*^,  764  mm.).    Subs.,  0.3575;  MgiAstO?,  0.1134. 
Calc.  for  CsiHsiOiNiAs:  N,  11.57;  As,  15.49.    Found:  N,  u.65;  As,  15.31. 

A^-(Phenyl-4-arsonic  acid)-a-pheiiylglycine-3 '-carbamidoanilide,  p- 
H20sAsC«H4NHCH(C6H6)CONHC6H4CONH,(m-).— 5.9  g.  of  w-phenyl- 
chloroacetyl-aminobenzamide,'  gradually  3rielded  a  clear  solution.  After 
4  hours  the  arsonic  acid  separated  on  rubbing,  and  was  washed  with  50% 
alcohol.  It  was  then  suspended  in  water  and  ammonia  added  in  excess, 
and  the  solution  treated  with  bone  black  to  remove  the  turbidity.  The 
filtrate  was  diluted  to  large  volume  with  hot  water  and  acidified  with  acetic 
acid,  whereupon  the  acid  gradually  separated  on  scratching  in  micro- 
crystalline  form  and  in  a  yield  of  7  g.  It  darkens  and  softens  slightly 
above  250*^,  melts  with  effervescence  at  261-2*^,  and  is  practically  in- 
soluble in  boiling  water  or  50%  alcohol. 

Subs.,  0.1431 ;  U.3  cc.  N  (23.5®,  760  mm.).    Subs.,  0.3522;  MgtAsiOr,  0.1183. 

Calc.  for  CsiHtoOftNsAs:  N,  8.96;  As,  15.97.    Found:  N,  9.09;  As,  16.20. 

A^-(Ph6n7l-4-arsonic  Acid)-a-ph6nylglycyl-4-aminophenylac6tamidei 
p  -  H,OsAsC«H4NHCH(C«H6)CONHC«H4CH2CONH2(/>-).  —  The  reaction 
mixture,  containing  6.1  g.  of  a-phenylchloroacetyl-/?-aminophenylacet- 
amide,*  was  boiled  for  3  hotu^,  quickly  becoming  dear.  DUution  with 
several  volimies  of  water  caused  the  deposition  of  a  thick  oil  which  began 
to  crystallize  after  a  few  da)rs.  The  process  was  hastened  by  warming 
the  mixture  on  the  water  bath  and  rubbing,  after  which  the  substance 
was  filtered  off  hot  and  washed  with  hot  water.  The  crude  product 
was  dissolved  in  very  dilute  ammonia,  treated  with  bone  black,  and  the 
filtrate  warmed  on  the  water  bath  and  gradually  treated  with  an  excess 
of  acetic  acid,  seeding  at  the  same  time  with  a  crystal  of  the  crude  sub- 
stance and  rubbing  with  a  rod.  In  this  way  partial  separation  as  an  oil 
was  avoided.  The  )rield  was  6  g.  The  arsonic  acid  was  recrystaUized 
from  50%  alcohol,  forming  minute  plates  and  flat  needles  which  contain 
V2  molecule  of  water  of  crystallization.  When  anhydrous  it  turns  yellow 
and  softens  on  heating,  melting  with  decomposition  at  222-3**.  It  *s 
sparingly  soluble  in  boiling  water  and  somewhat  more  easily  in  boiling 
50%  alcohol. 

Subs.,  air-dry,  0.5309;  loss,  0.0086,  in  vacuo  at  100^  over  HsS04. 

Calc.  for  CaHsOiNtAs.o.5HsO:  HsO,  1.62.    Pound:  1.82. 

Subs.,  anhydrous,  0.1366;  10.3  cc.  N  (21.0*,  769  mm.).  Subs.,  0.3015;  MgtAstO;, 
0.0956. 

Calc.  for  CtsHttOtNtAs:  N.  8.70;  As,  15.52.    Found:  N,  8.87;  As,  1530. 

Nbw  Yo«k.  N.  V. 

»  Tras  JouRNAi,,  39,  1445  (191 7). 


Digitized  by 


GooQle 


l826  WAtTCR  A.   JACX)BS  AND  MICHAEI.  HKIDELBERGER. 

[Contribution  from  thb  Laboratories  of  thb  Rockbfbllbr  Institutb  for 

Medical  Research.) 

AROMATIC      ARSENIC      COMPOUNDS.      VH.      SUBSTITUTED 
BENZYL,  PHENOXYETHYL,  AND  PHENACYLARSANILIC 

ACIDS. 

By  Walter  A.  Jacobs  and  Michael  Heidelbergkr. 

Received  July  2,   1919. 

The  preceding  papers  of  this  series  have  demonstrated  that  the  reac- 
tivity of  the  amino  group  in  arsanilic  acid  with  chloroacetylamino  com- 
potmds  is  such  as  to  render  possible  the  synthesis  of  a  very  extensive 
series  of  aromatic  arsonic  acids.  It  was  thought  possible  that  still  other 
series,  capable  of  similar  extensive  development,  might  be  obtained  by 
the  use  of  other  aromatic  compounds  containing  suitable  alkyl  halide 
side  chains.  The  present  paper  is  a  report  of  a  few  attempts  in  this  direc- 
tion which  represent  merely  a  beginning  in  the  study  of  such  substances, 
the  pressure  of  other  work  having  temporarily  limited  the  development 
of  these  types  of  compounds. 

Benzyl  chloride  and  the  substituted  benzyl  chlorides  were  found  to  react 
with  sodium  arsanilate  imder  suitable  conditions  to  form  benzyl  and  sub- 
stituted benzylarsanilic  acids, 


AsOjH, 

Although  long  boiling  of  the  solution  in  50%  alcohol  was  required  with 
benzyl  chloride  itself  in  cwder  to  obtain  the  greatest  yields,  owing  to  the 
stability  of  the  halogen  in  this  substance,  the  reaction  proceeded  far  more 
easily  and  completely  in  the  case  of  the  negatively  substituted  benzyl 
halides  such  as  p-nitrobenzyl  chloride,  3-nitro-4-hydroxybenzyl  chloride, 
/>-carboxybenzyl  chloride  and  />-carboxamidobenzyl  chloride,  the  halogen 
of  which  is  very  reactive.  The  arsonic  acids  obtained  from  the  above 
nitrobenzyl  chlorides  were  reduced  to  the  corresponding  aminobenzyl 
arsanilic  acids  by  means  of  ferrous  hydroxide,  a  method  which  we  have 
found  to  be  especially  serviceable  for  the  selective  reduction  of  nitro- 
arsonic  acids.  ^ 

Another  group  of  substances  studied  was  those  obtained  by  reacting 
sodium  arsanilate  with  phenoxyethyl  bromide  and  such  of  its  deriva- 
tives as  salicylamide-bromoethyl  ether  and  p-acetamino-phenoxyethyl 
bromide. 

»  Cf.  This  Journal,  40,  1580  (191 8). 
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NHCH,CH,0 

C  0^ 

AsOjH, 
The  reaction  was  found  to  proceed  very  slowly  and  incompletely  in  boil- 
ing 50%  alcoholic  solution  even  in  the  presence  of  sodium  iodide  which 
strongly  accelerated  the  condensation  when  chloroacetyl  compounds  were 
in  question. 

Finally,  the  reaction  between  sodium  arsanilate  and  halogen-acetyl 
compoimds  such  as  the  phenacyl  hahdes  was  studied  and  found  to  pro- 
ceed in  the  desired  sense,  yielding  the  phenacyl -arsanihc  acids 

NHCH2CO 
/\ 


u 


•X. 


AsOjH, 
These  compounds  are  yellow  in  color  and  yield  yellow  solutions. 

All  of  the  above  groups  of  substances  function  both  as  acids  and  feeble 
bases,  forming  salts  with  alkalies  and  strong  mineral  acids.  With  the 
exception  of  the  negatively  substituted  benzyl  derivatives  they  are  readily 
displaced  from  their  alkali  salts  by  a  slight  excess  of  acetic  acid. 

Experimental. 
(A)  Beiizyl-/>-ar8anilic  Acids. 
Benzyl-arsanilic  Acid,  /?-C6H5CH2NHC6H4As03H2.— 4.4  g.  of  arsanilic 
acid  were  dissolved  in  20  cc.  of  N  sodium  hydroxide  solution  and  boiled 
under  a  reflux  condenser  for  4  hours  with  2 . 7  g.  of  benzyl  chloride,  i .  5  g. 
of  sodium  iodide,  and  20  cc.  of  alcohol.  The  benzylarsanilic  acid  separated 
during  the  heating  and  was  washed  with  50%  alcohol,  and  finally 
with  ether.  The  yield  was  43  g.  The  crude  substance  was  dissolved 
in  dil.  sodium  hydroxide,  treated  with  bone  black,  and  precipitated  while 
hot  with  acetic  acid,  the  arsonic  acid  separating  quickly  as  flat,  lustrous, 
microscopic  needles.  For  analysis  it  was  best  recrystallized  from  hot  50% 
alcohol,  in  which  it  is  fairly  readily  soluble,  forming  arborescent  masses 
of  micro-crystals  and  larger  prisms.  The  acid  decomposes  at  about  255** 
with  preliminary  sintering,  and  is  very  sparingly  soluble  in  hot  water. 
Although  diflicultly  soluble  in  the  cold,  boiling  alcohol  and  acetic  acid 
readily  dissolve  the  substance.  It  is  also  soluble  in  methyl  alcohol  at 
room  temperature  and  is  insoluble  in  10%  hydrochloric  acid,  but  stronger 
acid  dissolves  it.  On  adding  sodium  nitrite  to  a  solution  of  the  compound 
in  hot  acetic  acid,  cooling  and  rubbing,  yellow  spherules  of  microscopic 
crystals,  presumably  the  nitroso  compound,  separate.     On  concentrating 
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a  neutral  solution  of  the  arsoilic  add  in  aqueous  sodium  hydroxide  to 
small  volume  and  cooling,  the  sodium  salt  separates  as  gUstening  platelets 
which  dissolve  readily  on  dilution. 

Subs.,  0.2067;  (Kjeldahl)  6.7  cc.  o.i  N  HCl.    Subs.,  0.2747;  MgsAstO?,  0.1378. 
Calc.  for  CiiHuOiNAs:  N,  4.56;  As,  24.41.    Pound:  N,  4.56;  As.  24.21. 

^Nitrobenzyl-arsanmc  Add,  />-CWC«H4CH,NHCJl4AsO»H2.— 8.8  g. 
of  arsagilic  add  in  40  cc.  of  N  sodium  hydroxide  solution,  7  g. 
of  /^-nitrobenzyl  chloride,  and  40  cc.  of  alcohol  were  boiled  for  3  hours, 
during  which  the  molten  chloride  gradually  disappeared.  The  yellow 
crystals  which  deposited  on  cooling  were  washed  with  50%  alcohol  and 
then  with  acetone.  The  yidd  was  10  g.  For  purification  a  hot,  dilute 
alkaline  solution  of  the  substance  was  predpitated  with  acetic  add.  Re- 
crystallized  for  analysis  from  hot  85%  alcohol,  in  which  it  is  sparingly 
soluble,  it  forms  sheaves  of  flat,  ydlow,  microscopic  needles  which  do  not 
melt  when  heated  up  to  280^.  The  add  is  almost  insoluble  in  txMling 
water  and  only  sparingly  so  in  boiling  methyl  alcohol  or  acetic  add. 

Subs.,  0.1598;  ii.o  cc.  N  (22.5**,  762  mm.).    Subs.,  0.3023;  MgsAstO?,  0.1320. 
Calc.  for  CiiHisOftNsAs:  N,  7.95;  As,  21.28.     Pound:  N,  7.97;  As,  21.06. 

^Aminobenzyl-arsanilic  Acid,  />-HjNC«H4CHiNHC«H4As08H2.  —  40 
g.  of  ferrous  sulfate  dissolved  in  150  cc.  of  water  were  treated  with  25% 
sodium  hydroxide  solution  until  the  mixture  remained  strongly  alkaline 
to  litmus  after  thorough  shaking.*  Ice  was  added  and  then  a  solution  of 
7  g.  of  />-nitrobenzyl-arsanilic  add  in  dil.  sodium  hydroxide.  After  5 
minutes'  shaking  the  mixture  was  filtered,  addification  of  the  filtrate 
with  acetic  add  3ddding  the  crystalline  amino  compound  contaminated 
with  an  amorphous  by-in-oduct.  For  purification  the  crude  substance 
was  dissolved  in  cold,  dil.  ammonia,  leaving  a  small  amount  of  amorphous 
material  which  was  collected  in  the  cold  with  bone  black.  Addification 
of  the  clear  filtrate  3ridded  the  pure  amino  add  at  once  as  colorless  aggre- 
gates of  microscopic  leaflets  which  decompose  at  about  202  **.  The  yidd 
was  3 . 5  g.  The  add  is  practically  insoluble  in  hot  water  or  50%  alcohol. 
On  boiling  a  solution  in  dil.  ammonia  a  white,  amorphous  alteration  prod- 
uct is  formed  which  is  insoluble  in  ammonia.  This  does  not  happen  with 
fixed  alkali.  The  pure  add  is  soluble  in  both  alkali  and  mineral  adds, 
a  solution  in  the  latter  being  readily  diazotizable,  coupling  with  R-salt 
to  form  a  deep  red  dye. 

Subs.,  0.1510;  1 1.9  cc.  N  (21.0®,  740  mm.).    Subs.,  0.3241;  MgiAssOr,  0.1573- 
Calc.  for  CiiHuO»NiAs:  N,  8.70;  As,  23.28.     Found:  N,  8.92;  As,  23.41. 

3-Nitro-4-hydroxybenzyl-arsanilic     Acid,     3,4-(02N)HOC«HaCHtNH- 

CeHiAsOjHaC/?-). — ^To  a  hot  solution  of  11  g.  of  arsaniHc  add  in  50  cc.  of 

N  aqueous  sodium  hydroxide  a  solution  of  9.5  g.  of  3-nitro-4-hydroxy- 

benzyl  chloride  in  50  cc.  of  hot  alcohol  was  added.    The  condensation 

*  Loc.  cit. 
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took  place  rapidly  but  the  heating  was  continued  for  30  minutes.  The 
alcohol  was  then  allowed  to  boil  off,  causing  the  mixtture  to  set  to  a  tliick 
mass  of  yellow  crystals.  These  were  filtered  off  and  washed  first  with 
50%  alcohd  and  finally  mth  acetone,  the  yield  being  15  g.  The  crude 
aod  was  purified  over  the  sodium  salt  by  suspending  it  in  a  small  volume 
of  hot  water  and  carefully  treating  mth  sodium  hydroxide  until  solution 
was  complete.  On  adding  an  equal  volume  of  saturated  soditun  acetate 
solution  to  the  reddish  orange  solution  the  5{xit'um  sob  separated  as  a  thick 
mass  of  long,  thin,  yellow,  microscopic  needles,  which  were  filtered  off 
and  washed  with  20%  sodium  acetate  solution.  On  cautiously  adding 
an  excess  of  acetic  add  to  a  hot,  dilute  solution  of  the  salt  the  pure  arsonic 
acid  separated  as  aggregates  of  microscopic  needles  containing  no  water 
of  crystallization.  However,  when  reaystallized  from  85%  alcohol  it 
crystallizes  more  slowly,  forming  crusts  of  minute,  yellow  crystals  which 
contain  (me  molecule  of  water  of  oystallization.  When  rapidly  heated 
the  anhydrous  substance  darkens  and  sinters  above  210^  and  decomposes 
at  about  245-50^.  It  is  practically  insoluble  in  boiling  water,  sparingly  in 
the  acid  in  alcohol,  methyl  alcohol,  or  acetic  add,  and  readily  on  bmling. 

Sobs.,  air-dry,  0.9344;  loss,  00471,  in  vacuo  at  100**  over  H1SO4. 
Calc  for  CitH2i0^tAs.HiO:  HgO,  4.66.    Potind:  5.04. 
Subs.,  anhydrous,  0.2655;  (isjeldahl)  14.5  cc.o.i  N  HCl. 
Calc.  for  CuHuOiNsAs:  N,  761.    Found:  7.65. 

3-Amino-4-hydrozybenzyl-arsanilic  Add. — 9  g.  of  3-nitro-4-hydroxy- 
benzylarsanilic  add  were  dissolved  in  dil.  sodium  hydroxide  solution  and 
added  at  once  to  a  ferrous  hydroxide  suspension  prepared  by  predpitating 
a  solution  of  50  g.  of  ferrous  sulfate  with  sodium  hydroxide  imtil  it  re- 
mained strongly  alkaline  on  shaking.  After  5  minutes'  shaking  the  mix- 
ture was  filto^  on  a  large  BUchner  funnd  and  the  dark  brown  filtrate 
addified  with  acetic  add,  yidding  a  dark  brown,  crystalline  predpitate 
of  the  amino  acid  on  rubbing.  For  purification  this  was  dissolved  in  dil. 
hydrochloric  add  and  a  solution  of  sodium  acetate  added  as  long  as  the 
predpitate  which  first  formed  redissolved  on  stirring.  A  few  dark-colored 
flocks  were  collected  by  the  addition  of  bone  black  and  the  f  aintiy  colored 
filtrate  diluted  and  treated  further  with  sodium  acetate  solution  tmtil 
no  longer  add  to  congo  red,  the  arsonic  add  separating  as  almost  colorless, 
microscopic  platelets  which  contained  Vi  molecule  of  water  of  crystalliza- 
tion. The  yield  was  3  g.  When  heated  to  285°  the  anhydrous  substance 
darkens  slightiy,  but  does  not  mdt.  It  is  sparingly  soluble  in  boiling 
water  or  50%  alcohol.  An  alkaline  solution  darkens  rapidly  on  standing, 
while  an  aqueous  suspension  gives  a  deep  brown  color  with  ferric  chloride 
solution. 

Subs,  air-dry,  0.6106;  loss,  0.0155  in  vacuo  at  lOo*  over  HsS04. 

Cak.  for  CiiHM04NtAs.o.5HiO:  HiO,  2.59-    Found:  2.54. 
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Subs.,  anhydrous,  0.2298;  (Kjeldahl)  13.45  cc.  o.i  N HCI.    Subs.,  0.2565;  MgiAstOTi 
0.1170. 

Calc.  for  CijHw04NjAs:  N,  8.28;  As,  22.18.     Found:  N,  8.20;  As,  22.02. 

p-Carbozybenzylarsanilic  Acid,  />-H02CQH4CH2NHC«H4AsOHt.— 
3.5  g.  of  ^-carboxybenzyl  chloride  in  20  cc.  of  N  sodium  hydroxide  solu- 
tion were  added  to  a  solution  of  4 . 4  g.  of  arsanilic  acid  in  20  cc.  of  the  same 
medium.  The  mixture  was  gently  warmed  and  stirred  until  solution  ivas 
complete  and  then  allowed  to  stand  at  room  temperature,  a  crop  of  crys- 
tals soon  separating.  After  24  hours  the  crystals  were  filtered  off,  dis- 
solved by  the  addition  (A  dil.  sodium  hydroxide,  and  the  solution  then 
heated.  On  adding  hydrochloric  add  to  the  hot  solution  a  gum  s^iarated 
which  rapidly  crystallized.  The  collected  and  washed  solid  was  boiled 
out  with  alcohol  to  remove  impurities  and  converted  into  the  sodium  salt 
for  final  piuification.  After  dissolving  in  dil.  sodium  hydroxide  solution, 
neutralizing  with  acetic  acid,  and  concentrating  to  small  bulk,  a  large 
volume  of  alcohol  was  added  to  the  hot  solution,  causing  the  separation 
of  the  salt  as  a  colorless,  microcrystalline  powder.  Recrystallized  from 
a  concentrated  aqueous  solution  by  adding  alcohol  the  salt  formed  aggre- 
gates of  flat  needles  containing  approximately  V2  molecule  of  water  of 
crystallization.    The  yield  was  2.5  g. 

Subs.,  air-dry,  0.2886;  loss,  oxx>82  in  vacuo  atioo**  over  HfSOi. 

Calc.  for  Ci4HiiOiNAsNat.o.5HtO:  HtO,  2.23.     Found:  2.84. 

Subs.,  anhydrous,  0.3230;  (Kjeldahl)  8.3  cc.  o.i  N  HCI;  MgiAssO?,  0.1260. 

Calc.  for  Ci4HiiOiNAsNa2:  N,  355;  As,  18.86.    Found:  N,  3.60;  As,  18.83. 

On  adding  acetic  acid  to  a  hot  solution  of  the  soditun  salt  the  free  acid 
separated  as  delicate,  microscopic  needles  which  did  not  melt  below  280**. 
It  is  sparingly  soluble  in  hot  50%  alcohol  or  acetic  add  and  insoluble  in 
other  neutral  solvents. 

Subs.,  0.2397 ;  8.4  cc.  N  (22.0°,  762  mm.).    Calc.  for  Ci4Hi40*NAs:  N,  3.99.    Found: 
4.07. 

p-Carboxamidobenzyl-arsanilic  Acid,  p-H2NCOC«H4CH2NHC6H4As- 
08H2.-^33  g.  of  arsanilic  acid  in  150  cc.  of  N  aqueous  sodium  hydroxide, 
25 . 5  g.  of  p-(w-chloromethyl)benzamide,  and  150  cc.  of  alcohol  were  boiled 
for  two  hours,  a  thick  mass  of  crystals  separating  on  cooling.  After  fil- 
tering and  washing  first  with  water  and  then  with  alcohol,  the  arsonic  acid 
was  converted  into  the  sodium  salt.  The  solution  of  the  acid  in  a  small 
volume  of  warm,  dil.  sodium  hydroxide  was  carefully  neutralized  with 
acetic  add.  Separation  of  the  salt,  which  commenced  on  cooling,  was 
completed  by  adding  saturated  sodium  acetate  solution.  Recrystallized 
from  50%  alcohol  the  salt  forms  aggregates  of  thin  plates  containing  2 . 5 
molecules  of  water  of  crystallization  and  is  easily  soluble  in  water.  The 
yidd  was  30  g. 

Subs.,  air-dry,  0.6617;  loss,  0.0732  in  vacuo  at  100**  over  HsSOi. 

Calc.  for  Ci4Hu04NiAsNa.2.5H20:  HjO,  10.79.    Found:  11.08. 
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Subs.,  anhydrous,  0.3216;  (Kjeldahl)  17.0  cc.  o.i  N  HCl;  MgiAstO?,  0.1329. 
Calc.  for  Ci4Hi404N2AsNa:  N.  7.53;  As,  20.13.     Found:  N,  7.41;  As,  19.95. 

Acetic  acid  added  to  a  hot  solution  of  the  salt  precipitates  the  arsonic 
acid  as  sheaves  and  plumes  of  microscopic  needles.  It  does  not  melt  below 
280**  and  is  almost  insoluble  in  boiling  water,  50%  alcohol,  or  methyl 
alcohol. 

Subs.,  0.2308;  (Kjeldahl)  13.1  cc.  o.i  iV  HCI. 

Calc.  for  C14H16O4N2AS:  N,  8.00.    Found:  7.95. 

(B)  Phenozyethyl-  and  Phenacyl-^arsanilic  Acids. 
PhenoxyethylarsaniUc  Acid,  p  -  CeHfiOCHjCHtNHCeHiAsOaHa.  — 
Phenoxyethyl  bromide  was  found  to  react  very  slowly  with  arsanilic  acid, 
and  although  condensation  was  somewhat  accelerated  by  the  addition 
of  sodium  iodide,  long-continued  boiling  of  the  reaction  mixture  was  found 
necessary.  A  solution  of  4.4  g.  of  arsanilic  acid  in  20  cc.  of  N  aqueous 
sodium  hydroxide,  4  g.  of  soditun  iodide,  4  g.  of  phenoxyethyl  broxnide, 
and  20  cc.  of  alcohol  were  boiled  for  24  hours.  On  cooling  and  diluting 
with  water  the  reaction  product  crystallized  as  glistening  leaflets  which 
were  filtered  off  and  washed  first  with  water  and  then  with  ether  to  remove 
unchanged  bromide.  The  yield  was  3  g.  The  acid  was  converted  into 
the  sodium  salt  by  dissolving  in  a  small  amount  of  dil.  sodium  hydroxide 
solution,  exactly  neutralizing  to  litmus  with  acetic  acid,  and  then  treating 
with  dry  acetone  imtil  a  turbidity  was  produced.  On  standing  in  the 
refrigerator  the  salt  slowly  separated  as  deUcate  needles.  Recrystallized 
from  a  small  volume  of  85%  alcohol  it  forms  flat,  microscopic  needles  con- 
^^siximg  3 . 5  molecules  of  water  of  crystallization. 

Subs.,  air-dry,  0.7668;  loss,  0.H19  in  vacuo. slI  100®  over  HtS04. 

Calc.  for  Ci4H,604NAsNa.3.5HsO:  HjO,  14.89.     Found:  14.59. 

On  treating  the  hot  solution  of  the  salt  with  acetic  acid  the  free  arsonic 
acid  separated  as  glistening  scales  containing  one  molecule  of  water  of 
crystallization.  It  is  very  sparingly  soluWe  in  boiling  water  or  acetic 
add,  but  is  appreciably  soluble  in  hot  methyl  alcohol,  alcohol,  or  50% 
alcohol.     The  anhydrous  substance  does  not  decompose  below  280°. 

Subs.^  air-dry,  0.4534;  loss,  0.0242  in  vacuo  at  100°  over  H2SO4. 

Calc.  for  Ci4Hie04NAs.HiO:  H,0,  507.     Found:  534- 

Subs.,  anhydrous,  0.2263;  (Kjeldahl)  7.0  cc.  0.1  -^  HCI.  Subs.,  0.2569;  MgtAssO?, 
0.1 190. 

Cak.  for  C14HMO4NAS:  N,  4.16;  As,  22.22.    Found,  N,  4.33;  As,  22.37. 

^Acetamino-phenozyethyl-arsanilic  Acid,  p-CHsCONHCfiHiOCHsCHt- 
NHC«H4As03H2. — Arsanilic  add  was  condensed  as  in  the  previous 
example  with  />-acetamino-phenoxyethyl  bromide.  The  reaction  mixttu^ 
was  diluted  with  water,  made  alkaline  with  sodium  hydroxide,  filtered 
from  unchanged  halide,  and  acidified  with  acetic  acid,  yielding  the  crys- 
talline arsonic  add.  This  was  converted  into  the  sodium  salt  by  solution 
in  a  small  voliune  of  dil.  sodium  hydroxide,  careful  neutraUzation  with 
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acetic  add,  and  addition  of  saturated  sodium  acetate  solution.  After 
standing  in  the  refrigerator  the  sodium  salt  was  filtered  ofiF  and  washed 
with  20%  sodium  acetate  solution  and  finally  with  85%  alcohol.  Puri- 
fied by  dissolving  in  a  small  volume  of  water  and  precipitating  with  several 
volumes  of  alcohol,  the  salt  forms  colorless,  microscopic  platelets  which 
contain  about  3  molecules  of  water  of  crystallization. 

Subs.,  atr-diy,  0.5364;  loss,  0.0580  in  vacuo  over  HiSO«  at  zoo^. 

Calc.  for  CitHitOiNiAsNa.3HsO:  HiO,  11.49.    Pound:  10.81. 

Subs.,  anhydrous,  0.3250;  (Kjeldahl)  15.6  cc  o.i  N  HO;  MstAsiOr,  0.1225. 

Calc.  for  CitHisOiNtAsNa:  N,  6.73;  As,  z8.oi.    Pound:  N,  6.72;  As,  18.20. 

On  treating  a  hot  solution  of  the  salt  with  acetic  add  the  arsanic  acid 
separated  as  delicate,  glistening  needles  and  platdets.  Recrystallized 
from  50%  alcohol  it  forms  long,  thin,  narrow  plates  which  do  not  mdt 
bdow  275®.  It  is  practically  insoluble  in  boiling  water  and  very  diffi- 
cultly so  in  hot  alo^ol  or  methyl  alcohol,  but  dissolves  in  hot  50%  alco- 
hol or  gladal  acetic  add. 

Subs.,  0.2075;  (Kjeldahl)  14.95  oc.  0.0714  N  HO. 
Calc  for  CuHitOiNtAs:  N,  7.11.    Pound:  7.21. 

-o-Carboxamido-phenozyethyl-arsanilic  Add,  (7-HsNCOC«H40CHtCH2- 
NHC«H4As09H2. — ^The  reaction  mixture,  similarly  obtained  from  10  g. 
of  salicylamide-bromoethyl  ether  (2-bromoethoxy-benzamide)^  was  diluted 
with  water,  made  alkaline  with  sodium  hydroxide,  filtered,  and  the  fil- 
trate addified  with  acetic  add,  depositing  an  amorphous,  gdatinous  pre- 
dpitate  followed  by  crystals  on  long  standing  in  the  refrigerator. 
TTie  product  was  recrystallized  from  a  small  voltune  of  hot  50% 
alcohol,  4  g.  of  the  arsonic  add  separating  in  ¥redge-shaped,  micro- 
scopic prisms.  For  anal3rsis  it  was  again  /ecrystallized  from  50%  alco- 
hol. The  substance  is  very  difficultly  soluble  in  boiling  water,  and  when 
pure  is  only  sparingly  soluble^in  most  hot  solvents  except  hot  acetic  add 
and  hot  50%  alcohol.  When  predpitated  from  its  solution  in  alkali  by 
means  of  acetic  add  it  separates  slowly  as  rosets  of  broad,  microscopic 
needles.  When  rapidly  heated  it  does  not  mdt  bdow  280**,  but  if  the 
temperattne  is  hdd  at  this  point  the  add  slowly  mdts  and  decomposes. 

Subs.,  0.2930;  (Kjeldahl)  15.30  oc.  0.1  N  HO;  MgiAsfO?,  0.X185. 
Calc.  for  CuHirOiNtAs:  N,  7.37;  As,  19.62.  Pound:  N,  7.32;  As,  19.52. 

Phenacylarsanilic  Add,  C6H6COCHfNHC«H4AsOjH2.— 4.4  g.  of  ar- 
sanilic  add  in  20  cc.  of  N  aqueous  sodium  hydroxide  and  a  solution  of  4  g. 
of  «-bromoacetophenone  in  20  cc.  of  alcohol  were  boiled  for  one  hour, 
the  arsonic  add  crystallizing  during  the  reaction.  The  yidd  was  4  g.  It 
was  recrystallized  by  dissolving  in  dil.  sodium  hydroxide  solution,  heat- 
ing and  addifying,  the  phenacyl  compound  separating  as  faintly  yellow, 
arborescent  aggregates  of  delicate,  microscopic  needles.  It  decomposes 
*  /.  Bid,  Chem.,  ai,  449  (1915). 
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at  185-7^  with  preliminary  softening  and  is  sparingly  soluble  in  the  usual 
solvents.  An  alkaline  solution  is  ydlow,  the  color  deepening  on  standing. 
Cone,  sulfuric  add  dissolves  the  substance  with  a  bright  yellow  color. 

Subs.,  0.171 1 ;  6.4  oc  N  (ai.o®,  766  mm.).    Subs.,  0.3519;  MgtAsiO?,  0.1625. 

Cak.  for  Ci4Ht404NAs:  N,  4.18;  As,  22.36.    Fotmd:  N,  4.38;  As,  22.29. 

a-Hydrozy-s-acetamino-phenacylarsanilic  Acid, 

COCH,  —  NH 


-0"0 


Hv^  I      I  I     I       . — A  warm  solution  of  4.4  g.  of  arsanilic  add  in 

10  cc.  of  2  iV  sodium  hydroxide  and  lo  cc.  of  alcohol  was  treated  with 
5.5  g.  of  3-aoetamino-6-hydroxyphenacyl  bromide.^  The  bromide  dis- 
solved rapidly  and  the  mixture  was  heated  on  the  water  bath  for 
an  hour.  On  dilution  with  water  an  amorphous  precipitate  was 
formed,  followed  on  standing  in  the  refrigerator  by  a  oystalline 
substance.  The  predpitate,  washed  with  water  and  acetone,  could 
not  be  recrystallized  directly  from  neutral  solvents,  but  ptirifica- 
tion  was  finally  effected  by  taking  advantage  of  the  weakly  basic  proper- 
ties of  the  arsonic  add.  A  suspension  in  i  :  i  hydrochloric  add  was 
treated  with  cone,  hydrochloric  add  until  most  of  the  substance  had 
dissolved,  then  rapidly  filtered,  and  the  dark  yellow  filtrate  treated  with 
several  volumes  of  hot  water.  Owing  to  the  hydrolysis  of  its  hydrochloride 
the  phenacyl  compound  separated  at  once  as  a  dark  yellow  powder  con- 
sisting of  aggregates  of  microscopic  platdets  which  redden  and  decom- 
pose at  228^.  The  yield  was  only  i .  2  g.  The  add  is  practically  insolu- 
ble in  hot  water  or  50%  alcohol  and  dissolves  in  cone,  sulfuric  add  with 
a  reddish  brown  color. 

Subs.,  0.2946;  (Kjddahl)  14.5  cc  o.i  N  HCl;  MgtAsfO?,  0.1124. 

Cak.  for  CioHnOiNsAs:  N,  6.86;  As,  18.36.    Found:  N,  6.89;  As,  18.43. 
N«w  YowK,  N.  Y. 

^  3-Acetamliio-6-hydroz7-phenac7l  Bromide. — Prom  acetopbenetidine,  bromo- 
acetyl  chloride^  and  aluminum  chloride  with  exclusion  of  moisture,  similarly  to  the 
corresponding  chloro  compound  [Kunckell,  Ber,,  34,  128  (190 1)]'  The  crude  product 
(95%  of  the  theory)  was  used  for  the  preparation  of  the  arsonic  add.  A  portion  of 
the  crude  bromide  was  boiled  with  chloroform  and  the  filtrate  treated  with  ligroin,  the 
bcomide  separating  as  a  drab-colored  predpitate  meltmg  at  133-S^  with  prdiminary 
softening  and  slight  gas  evolution  to  a. turbid,  red-brown  liquid  which  dears  at  136^. 
The  bromide  dissolves  readUy  in  acetone  or  alcohol,  less  easily  in  boiling  chloroform. 
The  yellowish  solution  in  alcohol  dianges  to  a  deep  olive  green  on  addition  of  a  drop 
of  ferric  diloride  solution,  or  to  orange-red  on  addition  of  aqueous  .sodium  hydroxide. 

Subs.,  0.1785;  7*85  cc.  N  (2I.o^  758  mm.).    Subs:,  0.1673;  (Carius)  AgBr,  0.1179. 

Cak.  for  CioHioOsNBr:  N,  s*is;  Br,  29.37.    Found:  N,  509;  Br,  29.99. 
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[Contribution  from  thb  Laboratories  op  the  Rockefeller  Institute  for 

Medical  Resbarch.] 

AROMATIC    ARSENIC    COUPOUNDS.    Vm.  THE   AMIDES    OF 

(4-ARSONIC  ACID)-PHENOXTACEnC  ACID  AND  THE 

ISOMERIC  PHENOXTACETYL-ARSANILIC  ACIDS. 

By  Walter  A.  Jacobs  and  Michael  Heipet^berobr. 

Received  July  2,  1919. 

The  preparation  of  (7-phenylg^ycollic  add  p-Bisomc  add  ([4-arsoiiic 
add]-phenoxyacetic  add)  by  the  action  of  sodium  diloroacetate  on  sodium 
/>-hydroxyphenyl-arsonate  in  boiling  aqueous  solution  has  been  described 
in  German  patent  216,270.  We  have  found  that  chloroaoetylamino  com- 
pounds also  react  with  sodium  p-hydroxyphenyl-arsonate  to  give  the  sub- 
stituted amides  of  phen3rlglyccdlic  add  ^-arsonic  add  mth  the  following 

general  formula: 

OCHiCONH 

AsOsHi 

In  this  reaction  a  condition  for  the  success  of  the  condensation  was  the 
addition  of  an  extra  molecule  of  sodium  hydroxide  in  order  to  form  the 
sodium  phenolate,  as  in  the  preparation  of  phenyl  ethers  with  alkyl  halides 
in  general.  When  using  diloroacetyl  compounds  which  were  sufiSdently 
stable  in  alkaline  solution  the  yidds  of  the  desired  products  were  good, 
but  in  those  cases  in  which  the  halide  was  readily  decomposed  the  yields 
suflFered  accordingly. 

In  general,  the  arsonic  adds  of  this  t3rpe  crystallize  readily  when  pure, 
possess  high  decomposition  points,  and  are  ^aringly  soluble  in  the  usual 
solvents.  They  are  stronger  adds  than  the  amides  of  phenylglydne- 
arsonic  add,  since  only  mineral  adds  or  a  large  excess  of  acetic  add  dis- 
place them  completdy  from  their  salts. 

In  a  preceding  paper  it  was  shown  that  the  sodium  salt  of  chloro- 
acetylarsanilic  add  reacted  smoothly  with  amines  with  the  formation  of 
substituted  glycyl-arsaniUc  adds.^  On  replacing  the  amine  by  a  phenolic 
compound  the  substituted  phenoxyacetyl  or  phenyl  ether  glycoUyl-arsanilic 
adds  were  obtained  with  the  general  formtda 

HaO»As<(""^NHCOCHiO^^""^-X. 

These  substances  are  of  course  isomeric  with  the  amides  of  (4-arsonic 
add)-phenoxyacetic  add.    As   in  the   preparation  of  the  latter  sub- 
stances an  extra  molecule  of  alkali  was  required  for  the  conversion  of  the 
phenolic  compotmd  into  the  phenolate.    Since  the  reaction  of  the  mix- 
1  Tras  Journal,  41,  1809  (1919)- 
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ture  was,  therefore,  strongly  alkaline,  the  sensitive  chloroacetyl-arsanilic 
add  suffered  partial  decomposition,  so  that  the  yields  of  the  desired 
phenoxyacetyl  compounds  were  poorer  than  in  the  synthesis  of  the  glycyl- 
arsanilic  adds. 

As  a  rule  the  phenoxyacetyl-arsanilic  adds  oystallize  readily  and  are 
sparingly  soluble  in  the  usual  solvents,  but  yield  readily  soluble  sodium 
salts.  They  are  stronger  adds  than  the  glycyl-arsanilic  adds  and  are 
completdy  displaced  from  their  salts  only  by  mineral  add  or  a  large  ex- 
cess of  acetic  add. 

On  reduction  both  of  these  groups  of  substances  3ridd  arsinoxides  and 
arseno  compounds,  substances  which  will  be  described  when  our  studies 
with  this  group  are  completed. 

Experimental. 
(A)  Derivatives  of  (4-Arsomc  Add)-phenoxyacetic  Add. 

(4-Ar8onic  Add)-phenoxyacetic  Methyl  Ester,  ^-H20sAsC6H40CH«COr 
CHj. — 10  g.  of  (4-arsonic  add)-phenoxyacetic  add*  were  refluxed  for  two 
hours  with  a  mixture  of  30  g.  of  dry  methyl  alcohol  and  3  g.  of  cone,  sul- 
furic add.  On  dilution  with  water  the  ester  separated  in  a  3ridd  of  9 . 5  g. 
Recrystallized  from  hot  water  it  forms  lustrous  plates  which,  when  rapidly 
heated,  partially  mdt  with  gas  evolution  at  about  192-5°  and  then  grad- 
ually decompose  at  a  higher  temperature  without  mdting  completdy. 
The  ester  is  readily  soluble  in  methyl  alcohol,  hot  ethyl  alcohol,  or  water, 
but  sparingly  in  cold  alcohol  or  water. 

Subs.,  0.2967;  MgiAsjOr,  0.1575. 

Calc.  for  CfHiiOeAs:  As,  25.85.    Pound:  25.62. 

(4-Arsoiiic  Add)-phenoxyacetamidey  /?-H20»AsC«H40CH2CONHi.— 
60  g.  of  the  methyl  ester  were  added  slowly,  with  chilling  and  shaking,  to 
360  cc.  of  cone,  ammonia.  During  the  addition  the  mixture  set  to  a  thick 
mass  of  what  appeared  to  be  the  ammonium  salt  of  the  unchanged  ester 
and  this  had  to  be  broken  up  occasionally  during  the  further  addition  oi 
the  ester.  When  all  had  been  added  the  mixture  was  vigorously  shaken 
to  disintegrate  the  mass  as  thoroughly  as  possible  and  then  allowed  to 
stand  at  room  temperattu^  for  24  hours.  The  ammonium  salt  changed 
definitdy  in  character,  jM-esumably  due  to  the  formation  of  the  ammonium 
salt  of  the  amide.  The  mixture  was  finally  diluted  with  water  until 
solution  was  complete  and  the  excess  of  ammonia  removed  in  vacuo,  after 
which  the  solution  was  made  faintly  add  to  congo  red  with  hydrochloric 
add,  causing  the  immediate  separation  of  the  arsonic  add.  On  recrys- 
tallization  from  hot  water  the  amide  separated  as  rhombic,  microscopic 
prisms.  The  yidd  was  37.5  g.  The  compound  does  not  mdt  bdow 
280^  and  is  sparingly  soluble  in  cold  water  or  hot  alcohol,  but  easily  solu- 
ble in  boiling  water. 
1  Gcr.  pat.  216,270. 
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Subs.,  0.1312;  6.1  cc.  N  (20.5*,  750  mm.). 
Calc.  for  CiHioOiNAs:  N,  5.09.    Pound:  5.34. 

Sodium  Salt. — ^A  solution  of  the  acid  in  dil.  aqueous  sodium  hydroxide 
was  carefully  neutralized  with  acetic  add  and  concentrated  to  small 
volume  in  vacuo.  On  adding  alcohol  the  salt  separated  slowly  as  glisten- 
ing platelets  which  contained  no  water  of  crystallizaticm  and  were  easfly 
soluble  in  water. 

Subs.,  0.1371;  5.7  cc.  N  (22.5®,  765  mm.).    Subs.,  0.3120;  MgsA^Or,  0.1617. 
Calc.  for  CiHiOiNAsNa:  N,  4.71 ;  As,  25.23.    Pound:  N,  4.84;  As,  25.00. 

(4-Arsonic  Acid)-phenoz7acetaiiilide,  />-HiQ»AsC«H40CHiC0NHC«H». 
— ^5  g.  of  sodium  f-hydroxyphenyl-arsonate,^  3'.  4  g.  of  chloroaoetanilide,' 
and  3  g.  of  sodium  iodide  were  boiled  in  a  mixture  of  20  cc.  of  N  aqueous 
sodium  hydroxide  and  20  cc.  of  alcohol  for  3  hours.  The  alcohol  was  then 
allowed  to  boil  off  and  the  residue  acidified  with  hydrochloric  add,  re- 
sulting in  a  gummy  predpitate  which  rapidly  recrystallized.  For  purifica- 
tion the  collected  material  was  dissolved  in  dil.  soditun  hydroxide  and  the 
filtrate  treated,  preferably  while  hot,  with  an  excess  of  hydrochlcHic  add. 
The  arsonic  add  separated  at  once  as  glistening  platelets.  When  rapidly 
heated  the  anilide  darkens  slightly  above  250^  but  does  not  melt  bdow 
280°.  From  hot  50%  alcohol,  in  which  it  is  fairly  readily  soluble,  it 
separates  as  minute  prisms  and  masses  of  thin,  microscopic  plates.  Al- 
though but  sparingly  soluble  in  the  cold  it  is  appreciably  soluble  in  hot 
water,  alcohol,  and  acetic  add.  Cold  methyl  sdcohol  also  dissolves  the 
substance. 

Subs.,  0.3024;  (Kjeldahl)  8.6  cc.  o.i  N  HCl.    Subs.,  0.3455;  MgsAstO?,  0.1530. 
Calc.  for  Ci4HuOiNAs:  N,  3.99;  As,  21.34.    Potmd:  N,  3.9S;  As,  21.37. 

(4-Arsonic  Add)-phenoxyacetyl-3-aminophenol|  ^-HsOtAsCcEUOCHs- 
CONHC6H40H(m). — 43.6  g.  of  /?-hydroxyphenyl-arsonic  add*  dissolved 
in  400  cc.  of  N  sodium  hydroxide  solution,  and  38  g.  of  w-diloroaoetyl- 
aminophenol^  were  boiled  for  15  minutes.  Dtuing  the  heating  an  amorph- 
ous substance  separated  and  more  of  this  material  was  predpitated  on 
dilution  with  water.  The  mixture  was  made  definitdy  add  with  acetic 
add  and  deared  by  treating  with  bone  black  in  the  cold.  On  the  addi- 
tion of  hydrochloric  add  to  the  filtrate  until  add  to  congo  red  a  pinkish 
paste  separated,  but  on  standing  and  scratching  this  was  followed  by 
oystals.  After  24  hours  crystcdlization  was  complete.  The  nitr€^;en 
figures  obtained  with  this  substance  were  nearly  1%  high  and  the  arsenic 
figures  too  low,  indicating  the  presence  of  a  fxxntaminating  arsonic  add 
containing  a  higher  percentage  of  nitrogen.    It  is  possible  that  the  hy- 

>  Tms  JoxjRNAL,  4i»  1447  (1919). 

« Ibid.,  39,  1441  (1917). 

» Ibid.,  41,  1446  (1919). 

*  Ibid.,  39,  1442  (191 7).    An  imiM-oved  method  will  be  published  shortly. 
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droxyl  group  in  the  m-aminophenol  may  have  reacted  with  a  second 
molecule  of  m-diloroacetylamino-phenol  giving  a  more  complex  arsonic 
add.  Since  direct  recrystallization  of  the  crude  product  from  a  suitable 
solvent  such  as  50%  alcohol  or  50%  acetic  add  did  not  remove  this  con- 
taminating material  it  was  found  necessary  to  pass  through  the  sodium 
salt,  which  was  fortunatdy  fotmd  to  have  suitable  properties. 

The  crude  add  was  suspended  in  a  small  volume  of  water  and  dissolved 
by  the  addition  of  soditun  hydroxide  solution.  After  neutralization  with 
acetic  add  an  equal  volume  of  sattuated  salt  solution  was  added.  On 
scratching,  the  pink  solution  gradually  deposited  the  sodium  salt,  which 
carried  the  color  with  it.  After  standing  in  the  refrigerator  it  was  filtered 
off  and  washed  with  15%  salt  solution.  The  crude  salt  was  recrystallized 
from  a  small  volume  of  hot  water,  separating  as  a  mass  of  pink,  lustrous, 
microscopic  needles  and  long,  thin  platdets.  On  dissolving  in  hot  water 
and  adding  hydrodiloric  add  a  milky  emulsion  was  formed  which  almost 
immediatdy  aystallized.  The  free  add  settled  quicky  as  a  heavy, 
sandy  powder  consisting  of  aggregates  of  irregular,  microscopic  leaflets 
to  which  the  pink  color  still  adhered.  When  rapidly  heated  it  mdts 
and  decomposed  at  ^38-40^.  It  is  very  sparingly  soluble  in  boiling  water 
or  boiling  acetic  add  but  dissolves  more  readily  in  hot  50%  alcohol. 

Sabs.,  0.2067;  (Kjoldahl)  5.85  cc.  o.x  N  HCl.    Sobs.,  ajaog;  MgsAsiOy,  0.1375. 
Cak.  for  Ci4Hi406NAs:  N,  3.83;  As,  20.42.    Found;  N,  3.97;  As,  20.68. 

(4-Ar8om£  Add)-phenozyacetyln4-aniinophenoL — 22  g.  of  /^-hydroxy- 
phenyl-arsonic  add  dissolved  in  100  cc.  oi  2  N  sodium  hydroxide  solu- 
tkxi  (2  mols.),  and  19  g,  of  /7*chloroacetylamino-phenol^  were  boiled  under 
a  reflux  condenser.  A  predpitate  separated  from  the  dear  solution 
aftor  a  few  seconds  and  was  probably  an  alteration  product  of  the  chkxro- 
acetyl  compound.  After  30  minutes  the  mixtiu-e  was  considerably  di- 
luted, addified  with  acetic  add,  and  treated  with  bone  black  in  the  cokL 
The  dear  filtrate  3ddded  a  oystalline  arsonic  add  on  addification  to 
Congo  red  with  hydrochloric  add  and  scratching.  After  24  hours  the 
collected  substance  was  repurified  by  repredpitation  of  its  solution  in  dil. 
ammonia  with  hydrochloric  add.  As  the  analysis  showed  the  product 
to  be  hig^  in  nitrogen  it  was  finally  purified  over  the  sodium  salt. 

The  add  was  suspended  in  a  small  volume  of  hot  wata-  and  carefully 
treotsed  with  sodium  hydroxide  solution  until  dissolved.  On  cooling,  the 
colorless  sodium  salt  aystalUzed  and  was  filtered  <^,  washed,  redissolved 
in  hot  water  and  addified  with  hydrochloric  add.  The  arsonic  add 
separated  at  once  as  curved,  colorless,  microscopic  crystals.  When  rapidly 
hotted  it  gradually  darkens  and  decomposes  at  238-40^.  It  is  very  diffi- 
cultly soluble  in  boiling  water,  alcohol,  or  methyl  alcohol,  but  dissolves 
more  easily  in  hot  50%  alcohol.  On  adding  a  few  drops  of  sodium  nitrite 
>  Tms  JovRNAL,  39»  1442  (1917)- 
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solution  to  a  suspension  of  the  acid  in  hot  acetic  add  a  dear,  orange  solu- 
tion is  obtained  which  deposits  spherules  of  ydlow  crystals,  probably 
a  nitroso  compound,  in  cooling. 

Subs.,  0.2 1 13;  (Kjeldahl)  6.15  cc.  o.i  N  HCl.    Subs.,  0.3269;  MgsAstOr,  0.1354. 

Calc.  for  Ci4Hi40<NAs:  N,  3.83;  As,  20.42.    Pound:  N,  4.07;  As,  20.00. 

(4-Arsomc  Add)phenoz7acetyl-4-aminophenylurea|  ^-HsOsAsC^HiO- 
CH2CONHC6H4NHCONH,(/?-)— 8.8  g.  of  ^-hydroxyphenylarsonic  add 
in  40  cc.  oi  2  N  sodium  hydroxide  solution,  8  g.  of  sodium  iodide,  9.2  g. 
of  /7-chloroacetylamino-phenylurea,^  and  40  cc.  of  alcohol  w^^  refluxed 
for  two  hours.  After  dilution  with  water  an  excess  of  acetic  add  was 
added.  On  scratching  a  white  powder  separated  and  this  was  filtered  oS, 
dissolved  in  dil.  ammonia,  and  treated  while  hot  with  an  excess  of  acetic 
add.  On  cooling  the  arsonic  add  separated  as  aggregates  of  micro- 
scopic needles  in  a  yield  of  7  g.  When  rapidly  heated  the  substance 
darkens  and  softens  at  about  230-40^  but  does  not  mdt  entirdy  up  to 
265°.     It  is  practically  insoluble  in  boiUng  water  or  50%  alcohol. 

Subs.,  0.1322;  12.0  cc  N  (26.0%  757  mm.)     Subs.,  0.360$;  M&AsfOr,  0.1368. 
Calc.  for  CuHicOeNsAs:  N,  10.26;  As,  18.32.    Found:  N,  10.33;  As,  18.32.    . 

(B)  Derivatives  of  Phen<ayacetyl-/>-ar8aiulic  Acid. 
Phenoxyacetyl-arsaniUc  Add,  QHsOCHiCONHOfl^AsdHjC/j-).— 4.4 
g.  of  arsanilic  add  were  dissolved  in  50  cc.  of  20%  sodium  acetate  solu- 
tion and  treated,  while  chilling  and  shaking,  with  4  g.  of  phenoxyacetyl 
chloride.  The  reaction  product  separated  at  once.  After  making  add 
to  Congo  red  with  hydrochloric  add  the  substance  was  filtered  off,  washed 
with  water,  and  finally  with  ether.  The  yidd  was  3 . 5  g.  Rccrystallized 
from  hot  50%  alcohol,  in  which  it  is  fairly  readily  soluble,  the  pure  arsonic 
add  separates  slowly  as  coloriess,  microscopic  crystals  which  are  sohible 
in  boiUng  methyl  alcohol  or  acetic  add,  and  very  sparingly  so  in  boSing 
water.  It  darkens  slightly  above  250^  but  does  not  decompose  bdow 
280°. 

Subs.,  0.3120;  (Kjeldahl)  8.95  cc.  o.i  N  HCl;  MgtAsiO?,  ai370. 

Calc.  for  CuHiiOftNAs:  N,  3.99;  As,  21.34.    Found:  N,  4.02;  As,  21.19. 

The  add  was  also  prepared,  although  in  poor  yidd,  by  boiling  a  sdu- 
tion  of  3  g.  of  chloroaoetyl*arsanilic  add^  in  20  cc.  of  N  aqueous  sodium 
hydroxide  with  i  g.  of  phenol  under  an  air  condenser  for  Vs  hour.  The 
substance  was  rapidly  predpitated  on  cooling  and  adding  acetic  add  and 
was  reaystallized  from  50%  alcohol.  It  separated  slowly  as  wedge- 
^aped  plates  and  prisms  which  showed  the  same  properties  as  when 
made  by  the  first  method. 

Subs.,  0.3347;  Ms^siOr,  0.1052. 
Calc.  for  Ci4Hi40fiNAs:  As,  31.34.    Found:  21.63. 
*  Tms  JouRNAi,,  39, 1456  (1917). 
» Ibid.,  41,  1810  (1919). 
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/>-Ozaimno-phenozyacetyl*arsa]ulic  Add,  /^-HOtCCONHC^OCHa- 
CONHC«H4As03Hi(/?-). — In  an  attempt  to  prepare  the  amide  of  this 
add  by  starting  with  ^-hydroxy-oxanilamide,  the  conditions  of ,  the  ex- 
periment caused  the  cleavage  of  the  amide  group  with  the  formation  of 
the  carboxylic  add. 

Equivalent  amounts  of  chloroacetyl-arsanilic  add  and  p-hydioxy- 
oxanilamide  were  dissolved  separately  in  theoretical  amotmts  of  N  soditun 
hydroxide  solution  and  mixed,  an  immediate  predpitation  of  the  phenolic 
compotmd  occurring.  The  mixture  was  boiled  for  20  minutes,  after  which 
it  reacted  feebly  acid,  and  the  tmchanged  amide  was  filtered  off  and  the 
filtrate  addified  with  hydrochloric  add.  The  resulting  predpitate  was 
dissolved  in  very  dilute  ammonia  and  the  hot  filtrate  addified  with  acetic 
add.  The  cream-colored,  microscopic  crystals  which  separated  proved 
to  be  the  free  carbonic  add  formed  by  saponification  of  the  amide  in  the 
boiling  alkaline  solution. 

The  substance  darkens  but  does  not  melt  below  280*^.  It  is  appredably 
soluble  in  boiling  water  or  50%  alcohol  and  separates  from  water  with 
one  molecule  of  water  of  crystallization. 

Subs.,  air-dry,  0.4425;  loss,  0.0196  in  vacuo  at  100^  over  HsS04. 

Calc.  for  C16HUO8N1AS.H2O:  HiO,  3.95.    Found:  4.43. 

Subs.,  anhydrous,  0.1610;  9.15  cc.  N  (23.5^  753  mm.).    Subs.,  0.3577;  MgtAsjOr, 
0.1293. 

Calc.  for  C16H16O8N2AS:  N,  6.39;  As,  17.10.    Found:  N,  6.48;  As,  17.45. 

^Uramino-phenoxyacetyl-arsanilic  Add,  p  -  H2NCONHC6H4OCH2- 
CONHCeH4As03H2(^-). — 11.8  g.  of  chloroacetyl-arsanilic  acid,  6.5  g. 
of  /?-hydroxyphenylurea,  and  40  cc.  of  2  N  sodium  hydroxide  solution 
were  refluxed  for  V2  hotu".  On  coolmg  the  sodium  salt  of  the  reaction 
product  crystallized  and  the  precipitation  was  completed  by  the  addi- 
tion of  an  equal  volume  of  saturated  sodium  acetate  solution.  This  salt 
was  filtered  off,  washed  with  20%  sodium  acetate  solution,  and  finally 
with  alcohol.  For  piu-ification  the  crude  product  was  dissolved  in  a  small 
volume  of  water,  treated  with  bone  black,  and  then  with  alcohol  until 
crystallization  began.  After  filtration  it  was  washed  with  85%  alcohol. 
The  yidd  was  3.5  g.,  crystallizing  as  radiating  masses  of  minute  nefedles 
which  contain  approximately  3  molecules  of  water  of  crystallization. 

Subs.,  air-dry,  0.5095;  loss,  0.0531  in  vacuo  at  100°  over  HjS04. 

Calc.  for  Ci6HwOeNjAsNa.3H20:  HjO,  11. 13.    Found:  10.42. 

Subs.,  anhydrous,  0.3510;  (Kjeldahl)  23.5  cc.  o.i  N  HCl;  MgiAsiO?,  0.1240. 

Calc.  for  CiftHuOeNtAsNa:  N,  9.75;  As,  17.38.     Found:  N,  9.39;  As,  17.05. 

The  free  at  sonic  acid  separates  from  the  hot  solution  of  the  salt  on  adding 
acetic  add  as  aggregates  of  microscopic  spindles  which  are  practically 
insoluble  in  boiling  water  or  50%  alcohol.  It  decomposes  at  about  280-3^ 
with  preliminary  darkening. 

Subs.,  0.1332;  11.75  CC-  N  (29.0**,  765  mm.). 

Calc.  for  Ci6Hi«OeNsAs:  N,  10.27.    Found:  10.04. 
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o-Carboxamido-phenozyacetyl-arsanilic  Add,  (^-HsNCOCeHiOCHtCO- 
NHC6H4As08H2(/>-) — ^The  reaction  mixture  from  11.2  g.  of  salicylamide 
was  diluted  to  about  250  cc.  and  treated  with  sodium  carbonate  solution 
until  just  alkaline  to  litmus.  The  filtrate  from  the  unchanged  salicyl- 
amide was  acidified  with  acetic  add,  and  on  scratching  the  arsonic  add 
separated  as  fine  needles.  The  crude  add  was  dissolved  in  a  small  vol- 
ume of  dil.  sodium  hydroxide  and  carefully  neutralized  with  acetic  add. 
On  adding  an  equal  volume  of  saturated  sodium  acetate  to  the  filtered 
solution  the  sodium  salt  quickly  separated,  forming  a  thick  paste  of  crys- 
tals. The  salt  was  washed  with  20%  sodium  acetate  solution  and  finally 
with  alcohol  and  recrystallized  from  85%  alcohol,  separating  as  prismatic 
needles  containing  approximatdy  5 . 5  molecules  of  water  of  crystallization. 

Subs.,  air-dry,  0.5945;  loss,  0.1177,  in  vacuo  at  100*  over  H»S04. 

Calc.  for  CiiHuCWtAsNa.5.5H^:  HA  19.23-    Found:  19-79. 

Subs.,  anhydrous;  0.3026;  (Kjddahl)  14.5  cc.  o.i  N  HCl;  MgtAa^r*  0.1  laa 

Cak.  for  CuHuOcNsAsNa:  N,  6.73;  As,  18.02.    Found:  N,  6.71;  As,  17.87. 

On  acidifying  a  hot  solution  of  the  sodium  salt  with  acetic  add  the 
free  arsonic  acid  separates  as  delicate  needles  which  do  not  decompose 
below  280^.  It  is  appreciably  scduble  in  boiling  50%  alcohcd  or  acetic 
add,  but  does  not  dissolve  readily  in  the  other  hot  solvents. 

Subs.,  0.2082;  (Kjeldahl)  10.4  cc.  o.i  ^  HCl. 

Calc.  for  CitHuCWtAs:  N,  7*ii-    Found:  7-00. 

/KCarboxamido-phenoxyacetyl-arsanilic  Add. — 2.8  g.  of  ^-hydroxy- 
benzamide  3ddded,  on  cooling,  a  thick  crystalline  mass  of  the  sodium 
salt.  This  was  dissolved  by  dilution  with  warm  water  and  the  solution 
filtered  from  unchanged  />-hydroxy-benzamide,  after  which  the  arsonic 
add  was  predpitated  as  a  colorless  powder  on  addification  with  acetic 
add.  This  was  reconverted  into  the  sodium  salt  by  dissolving  in  a  small 
volume  of  dil.  sodium  hydroxide,  carefully  neutralizing  with  acetic  add, 
and  salting  out  with  saturated  sodium  acetate  solution.  The  product  so 
obtained  was  then  reoystallized  from  a  small  volume  of  hot  water,  separa- 
ting as  rosets  of  long,  flat,  delicate  needles  which  contained  approximately 
7.5  molecules  of  water  of  crystallization.    The  yidd  was  3.7  g. 

Subs.,  air-dry,  0.4550;  loss.  0.1097  tfi  vaoue  at  100^  over  H1SO4. 
Calc.  for  CifHuCWtAsNa.7.5HsO:  HsO,  24.52.    Found:  24.10. 
Subs.,  anhydrous,  0.1547;  9-3  cc*  N  (27•o^  758  mm.).    Subs.,  0.2994;  Mg^AstPi, 
0.1 1 17. 

Calc.  for  CuHiiOeNsAsNa:  N,  6.73;  As,  iS.of.    Found:  N,  6.8«;  As,  18.00. 

On  adding  acetic  add  to  a  hot  solutioii  <rf  the  sodium  salt  the  free  arsomc 
acid  separated  slowly  as  long,  glistening  needles  which  do  not  mdt  below 
280^,  and  are  practically  insoluble  in  the  usual  boiling  solvents. 

Subs.,  0.1495;  (Kjeldahl)  7,6  cc.  0.1  iV^  HCl. 
Calc.  for  CuHiiOfNtAs:  N,  7.11.    Found:  7.12. 
Nbw  York,  N.  Y. 
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[CONTRIBUinON  PSLOU  TB9  SCHOOL  OP  ChSMISTRY,  UmVERSlTY  09  MiNNBSOTA.] 

ORGANIC  MERCURY  COMPOUNDS  DERIVED  FROM  ^BROMO- 

DIMETHYLANILINE. 

Bt  FftANK  C.  Whitmorb. 
Received  July  28,  1919. 

The  present  paper  is  the  first  of  a  series  in  which  the  introduction  of 
merctuy  in  the  oriho  position  to  various  substituted  amino  groups  will 
be  studied.  The  work  with  the  organic  mercury  compounds  so  obtained 
will  deal  especially  with  two  fundamental  reactions  of  organic  mercury 
compounds  in  general.  These  reactions  may  be  represented  by  the  single 
equilibrium  equation 

R^Hg  +  HgX2  -^  2RHgX 
in  which  R  represents  any  organic  residue  which  has  its  free  bond  at- 
tached to  carbon,  and  X  represents  any  univalent  add  radical.  The 
reaction  normally  runs  to  completion  to  the  right  because  of  the  slight 
solubility  of  the  organo-mercuric  salt  RHgX  in  the  organic  solvents 
used.  The  reaction  may  be  reversed  by  using  reagents  which  remove 
HgXs*  Such  substances  are  alkaline  reducing  agents  such  as  sodium 
stannite  solution,  and  compounds  like  potassium  iodide  and  sodium  thio- 
sulfate  which  form  merctuic  complexes  of  considerable  stability. 

The  introduction  of  mercury  into  a  />afa-substituted  aromatic  amine 
has  been  studied  only  in  the  cases  of  ^toluidine  and  its  dimethyl  deriva- 
tive.* IQein  mixed  solutions  of  />-toluidine  and  mercuric  chloride  in  ether 
and  obtained  crystals  to  which  he  assigned  the  formula  HgCls.2CeH4- 
(CH«)NHt.  He  obtained  similar  compounds  with  the  bromide  and  the 
iodide  of  mercury.  Pesci  treated  an  alcoholic  solution  of  p-toluidine  with 
an  aqueous-alcoholic  solution  of  merciuic  acetate  and  obtained  crystals 
of  mercury  (2-amino-5-methyl  phenyl)  acetate. 

NH, 


u 


This  substance  is  insoluble  in  water  but  is  readily  soluble  in  organic  sol- 
vents. The  corresponding  hydroxide  and  chloride  were  made  by  treating 
it  with  cone,  aqueous  potassium  hydroxide  and  with  alcoholic  calcium 
chloride,  respectively.  Pesd  suggested  that  Klein's  addition  com- 
pound was  really  made  up  of  one  molecule  of  this  chloride  and  one  mole- 
cule of  />-toluidine  hydrochloride.  However  he  did  not  attempt  to  verify 
this  conclusion  by  making  Klein's  compoimd  from  these  substances.    When 

1  Klein,  Ber.,  11,  744  (1878);  13,  835  (1880);  Pesd,  Gau.  chim.  Ual.»  389  II,  loi, 
III,  460  (1898);  Z.  anorg,  Chetn.,  1%  276,  a8i  (1898);  Vecdiiotti,  G<ua,  chim.  ital.,  48, 

n,  78  (1918). 
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the  hydroxide  was  treated  with  a  concentrated  solution  of  sodium  thio- 
sulfate  it  was  changed  to  mercury  di-(2-amino-5-methyl  phenyl). 

NH,  NH, 


Cr-O 


CH,  CH, 

Vecchiotti  obtained  the  same  results  as  did  Pesci.  Indeed  the  experimental 
data  in  the  two  papers  are  identical  except  in  a  few  minor  points. 

Pesci  treated  dimethyl-/?-toluidine  with  merctuic  acetate  and  obtained 
mercury  (2-dimethylamino-5-methyl  phenyl)  acetate  from  which  he  made 
the  corresponding  hydroxide,  nitrate,  chloride,  bromide,  and  iodide. 
The  hydroxide  with  sodium  thiosulfate  yielded  the  mercury  diphenyl 
derivative,  mercury  di-(2-dimethylamino-5-methyl  phenyl).  Pfesd  briefly 
states  that  the  acetate  when  treated  with  an  excess  of  ammonium  hy- 
droxide gave  the  mercury  diphenyl  derivative.*  He  does  not  mention 
this  reaction  in  the  summary  of  his  work  published  later.*  This  method 
of  changing  RHgX  to  RjHg  has  apparently  not  been  observed  by  any 
other  worker  with  organic  mercury  compounds.  Pesd  proved  the  consti- 
tution of  the  mercury  diphenyl  derivative  obtained  from  mercury  (2- 
dimethylamino-5-methyl  phenyl)  hydroxide  by  sjrnthesizing  it  from  3- 
bromo-dimethyl-/?-toluidine  and  1.5%  sodium  amalgam  according  to  the 
method  of  Otto  for  making  mercuiy  diphenyl  compounds.* 

Pesd  misinterpreted  all  of  his  reactions  because  he  assigned  incorrect 
structural  formulas  to  all  of  his  compounds  except  the  mercury  diphenyl 
derivatives.  He  believed  that  the  salts  which  he  had  prepared  each  con- 
tained two  benzene  rings  and  two  atoms  of  mercury  in  the  molecule. 
He  thought  that  one  mercury  was  attached  to  two  carbon  atoms  and  the 
other  was  attached  to  two  nitrogen  atoms. '  The  sodium  thiosulfate  was 
supposed  to  remove  only  the  merciuy  attached  to  nitrogen.  The  dif- 
ference between  Pesci's  views  and  the  more  modem  one  can  best  be  shown 
by  equations  illustrating  the  formation  of  the  acetate  and  the  mercury 
diphenyl  derivative. 

N(CH,),  N(CHs)2         N(CH,)2  N(CH,)2        N(CH,), 

n-Hg-/N  Na,S,0,  /\-H?-/\ 
>\  4-HgS,0,,etc. 


/\-Hg-/N  Na^O,  A|-Hg-/N 


CHs  CH,  CH,  CH,  CH, 

Pesci's  formulas. 
1  Gazs.  chim.  Hal.,  28,  II,  106  (1898). 
*  Z.  anorg.  Chem.,  17,  176-281  (1898). 

»  Otto,  Ann.,  154,  94  (1870).    This  method  was  first  devel<^>ed  by  Prankland  and 
was  used  by  him  in  work  in  the  aliphatic  series.     Ann.,  130,  105  (1864). 
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N(CH,),  N(CH,),  N(CH,),        N(CH,)2 

0/\-HgX     Na,S^,   /V-Hg-ZN 
+  2HgX,  —^  J     J  • ►  11  11+  HgSjO,.  etc. 

CHs  CHs  CH,  CH, 

Modem  formulas. 

It  will  be  seen  that  Pesci  had  the  correct  formulas  for  the  mercury  di- 
phenyl  compounds  but  did  not  correctly  interpret  their  formation.  Pesd's 
ideas  were  plausible  enough  when  appUed  to  the  aromatic  amines  which 
he  studied  but  they  had  to  be  discarded  when  Dimroth  showed  that 
"merctu'ation"  is  as  general  a  reaction  of  aromatic  compounds  as  sul- 
fonation  or  nitration.^  The  best  positive  evidence  that  Pesci's  double 
formulas  are  incorrect  is  that  given  Jacobs  and  Heidelberger  who  proved 
th^t  the  mercury  compound  obtained  from  aniline  contains  a  primary 
amino  grot^  which  cafi  be  diazotized  and  then  coupled  in  the  tisual  way 
with  dimethylaniline  or  phenols.' 

In  the  present  investigation  the  starting  point  is  /'-bromo-dimethyl 
an3ine.  The  dimethyl  derivative  was  chosen  as  being  likely  to  give  fewer 
side  reactions  than  any  of  the  other  substituted  amines  which  are  to  be 
studied  later.  When  an  aqueous-alcohcdic  solution  of  mercuric  acetate 
is  allowed  to  stand  witib  an  alcoholic  solution  of  p-))romoadimethylamline 
fcMT  several  dajrs  there  ctystallizes  out  the  organo-merctuic  salt,  mercury 
(2-dimethylamino-5-bronao-)  acetate 

N(CH,)i 


(r 


Br 

The  fine  needle  crystals  of  this  substance  are  mixed  with  a  certain  amount 
of  mercurous  acetate.  The  mother  liquor  )rields  only  tarry  substances 
and  more  mercurous  acetate.  Thus  at  least  two  reactions  are  taking 
place,  the  introduction  of  the  mercuri-acetate  group  into  the  ring  and 
the  oqdation  of  the  ^-bromo-dimethylaniline  by  the  mercuric  acetate. 
It  was  not  found  possible  to  eliminate  this  oxidation  reaction  completely. 
When  /7>bromo-diethylaniline  is  used  instead  of  the  dimethyl  compound 
the  oxidation  becomes  the  chief  reaction.'  It  was  at  first  thought  that 
the  formation  of  mercurous  acetate  was  due  to  a  reducing  action  of  the 
alcohol.  This  was  disproved  by  the  fact  that  boiling  mercuric  acetate 
for  days  with  alcohol  gave  only  minute  traces  of  mercurous  acetate.  The 
use  of  more  concentrated  solutions  of  mercuric  acetate  with  the  /?-bromo- 
dimethylaniline  gave  larger  amounts  of  mercurous  acetate.  Heating  the 
reaction  mixture  had  a  similar  eifect.  To  avoid  a  large  concentration  of 
>  Z.  anorg.  Chem.,  33,  227flf  (1902);  33,  311ft  (1903)- 
»  J,  Biol.  Chem,,  20,  513  (1915);  C.  A.,  9,  1609  {1915)- 
»  This  reaction  is  being  studied  by  Mr.  A.  R.  Cade  of  this  laboratory. 
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mercuric  acetate  and  thus  to  cut  down  its  oxidizing  action  experimoits 
were  carried  out  in  which  the  acetate  was  added  very  slowly  and  the  mix* 
ture  was  stirred  by  a  powerful  mechanical  stirrer.  This  did  indeed  cut 
down  the  amount  of  mercurous  acetate  formed  but  it  also  cut  down  the 
yield  of  the  organo-mercuric  salt. 

Various  other  salts  were  prepared  from  the  acetate  by  treating  the 
alcoholic  solution  of  the  latter  with  alcoholic  solutions  of  suitable  in- 
organic salts.  In  preparing  the  base  alcoholic  sodium  hydroxide  was 
used.  The  base  was  found  useful  in  making  salts  which  were  not  easily 
prepared  by  the  precipitation  method.  This  could  be  done  by  treating 
the  base  with  the  appropriate  add  or  better  still  with  an  ester  of  the  add. 
The  formate  was  made  in  this  way  by  heating  the  hydroxide  with  ethyl 
formate.  This  proved  more  convenient  than  the  treatment  of  the  hy- 
droxide with  formic  add  or  the  treatment  of  the  acetate  with  a  formate 
solution.  A  slight  excess  of  formic  add  tends  to  remove  some  of  the  mer- 
cury from  the  ring  while  an  excess  of  the  ester  does  no  harm.  The  purest 
sample  of  the  acetate  obtained  was  made  from  the  hydroxide  and  ethyl 
acetate. 

The  change  of  the  acetate  or  the  hydroxide  into  the  corresponding 
mercury  diphAyl  derivative,  mercury  di-(2-diniethylamino-5-bromo 
phenyl),  was  tried  by  all  the  usual  methods.  The  reagents  which  bring 
about  this  change  may  be  divided  into  two  classes:  Hie  first  class  con- 
sists of  alkaline  reducing  agents  Hke  sodium  stannite  solution.  This 
reagent  gave  the  mercury  diphenyl  derivative  in  63%  yield. 
2R  —  Hg  —  X  +  2NaOH  +  NaiSnOj  - 

RjHg  +  NaiSnO,  +  2NaX  +  H<0  +  Hg. 
The  second  dass  consists  of  those  inorganic  salts  which  form  stable  com- 
plex merctuic  ions.  Such  substances  are  iodides,  sulfides,  and  thio- 
sulfates.  Pesd  usually  emplo3red  the  sulfides  and  thiosulfates  in  pre- 
paring his  mercury  diphenyl  compounds.  In  the  present  research  these 
substances  gave  very  poor  jridds.  Apparentiy  the  sulfide  and  thiosul- 
f  ate  of  the  organo-mercury  base  are  more  stable  than  those  studied  by 
Pesd  and  do  not  readily  break  up  giving  a  molecule  of  an  morganic  mer- 
cury compound  according  to  the  equation 

(RHg),S  +  Na.S  -  R,Hg  +  Na^HgS,. 
Potassium  iodide  proved  to  be  the  best  reagent  for  preparing  mercury 
di-(2-dimethylamino-5-bromo  phenyl)  as  it  gave  a  3ddd  of  86%  and  a 
reaction  mixture  much  easier  to  work  up  than  did  the  sodium  stannite 
which  gave  the  next  best  yidd. 

2R  —  Hg  —  QHiO,  +  4KI  =  R,Hg  +  2KC,H,0,,+  Kaigl4. 
It  will  be  noted  that  all  the  products  are  water  soluble  excq>t  the  desired 
substance. 


Digitized  by 


GooQle 


OROAmC  MliRCURY  COMPOUND^.  I845 

If  the  theory  that  the  fonnatioti  of  lUHg  from  KHgX  depends  on  the 
removal  of  HgXs  by  the  formation  of  a  complex  is  true  there  should  be  a 
marked  differenoe  in  the  efficiency  of  iodides,  bromides,  and  chlorides  in 
bringing  about  this  change.  As  is  well  known  the  iodide  complex  is  by 
far  the  most  staUe  and  the  chlcHide  complex  is  the  least  stable.  Experi- 
ments showed  that  while  the  iodide  gave  an  86%  3Hield  the  bromide  gave 
<wily  a  3%  )rield  and  the  chloride  gave  none  of  the  mercury  diphenyl 
compound.    In  the  equation 

2RHgX  +  2MX  =^  R,Hg  +  M,HgX4 
it  will  be  seen  that  half  of  the  mercury  appears  in  an  inorganic  form  which 
wotdd  give  a  precipitate  with  hydrogen  sulfide.  The  filtrate  from  the 
rourtion  of  sodium  bromide  with  the  organo-mercuric  acetate  gave  an 
immediate  blade  precipitate  with  hydrogen  sulfide.  The  filtrate  from  the 
mixture  of  the  acetate  with  a  very  large  excess  of  alcoholic  calcium  chlo- 
ride gave  no  precipitate  with  hydrogen  sulfide,  showing  that  no  inorganic 
mercury  compound  had  been  formed. 

It  was  thought  that  the  organo-mercuric  iodide  might  be  changed  to 
the  mercury  diphenyl  derivative  and  mercimc  iodide  by  long  Heating  in 
a  solvent  in  which  the  latter  substance  is  much  less  soluble  than  the 
organic  iodide.  Such  does  not  seem  to  be  the  case.  Long  boiling  of  a 
benzene  solution  of  the  organo-mercuric  iodide  gave  no  trace  of  merctuic 
iodide.  Evidently  the  strcmg  tendency  for  the  formation  of  R-Hg-X 
depends  not  merdy  on  the  slight  solubility  of  that  type  of  substance  but 
also  on  some  peculiarity  of  the  mercury  atom  which  favors  tmion  with 
two  groups  at  least  as  different  as  a  hydrocarbon  residue  and  an  add  radical. 

The  formate  was  heated  to  see  if  it  would  yidd  the  mercury  diphenyl 
compound.  The  reduction  did  not  stop  at  that  point  as  almost  all  of 
the  mercury  appeared  as  metal  and  only  a  small  amount  of  the  mercury 
diphenyl  compound  was  Obtained.  The  chief  organic  product  was  f- 
bromodimethylaniline. 

R— Hg— OCHO  =  Hg  +  RH  +  COi. 

When  the  acetate  was  heated  with  zinc  dust  the  products  were  mer- 
cury, zinc  oxide,  p-bromo-dimethylaniline,  and  unchanged  acetate. 
Copper  powder  gave  little  action  even  on  long  boiling. 

R— Hg— dW),  +^  Zn  +  H,0  -  RH  +  ZnO  +  Hg  +  HCH,Oi. 
The  acetic  add  probably  united  with  the  large  excess  of  alcohol  present. 

In  all  the  reactions  in  which  the  mercury  diphenyl  compound  was 
obtained  after  long  boiling  in  an  alcoholic  solution  small  amounts  of  mer- 
cury metal  were  obtained.  Usually  this  amounted  to  less  than  o.i  g. 
The  reaction  which  gives  rise  to  this  &ee  mercury  is  evidently  a  very 
slow  one  as  long  boiling  of  the  mercury  di-(2-dimethylaniino-5-bromo 
phenyl)  with  an  excess  of  alcoholic  potassium  iodide  or  with  alcohol  alone 
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only  gave  a  very  small  amount  of  metallic  mercury.  Small  amounts  of 
/?-bromo-dimethylaniline  were  sometimes  obtained  in  these  experiments. 
The  reaction  is  possibly  due  to  a  slight  reducing  action  of  the  alcohol  on 
the  organo-mercury  compound. 

The  reaction  of  mercury  di-(2-dimethylamino-5-bromo  phenyl)  with 
mercuric  salts  of  monobasic  inorganic  acids  was  proved  to  proceed  quan- 
titatively according  to  the  equation 

RjHg  +  HgX,  =  2R— Hg— X. 
The  reaction  was  carried  out  with  mercuric  chloride,  bromide,  iodide, 
and  thiocyanate.  When  mercuric  salts  of  dibasic  adds  were  used  no  satis- 
factory results  were  obtained.  Thus  mercuric  sulfate  when  heated  with 
the  mercury  diphenyl  compound  gave  mercuric  oxide  and  />-bromo-di- 
methylaniline.     Probably  the  reaction  proceeded  as  follows: 

HgS04  +  C2H5OH  =  HgO  +  (C2H5)HS04 
The  ethylsulfuric  acid  would  then  react  with  the  organic  mercury  com- 
poimd  liberating  its  mercury  in  inorganic  form  and  leaving  the  p-hrorao- 
dimethylaniline.  The  reaction  of  less  easily  hydrolyzable  mercury  salts 
of  dibasic  adds  with  mercury  diphenyl  and  its  derivatives  will  be  studied 
later. 

EXPERIMBNTAL  PART. 
Reaction  of  Mercuric  Acetate  with  />-Bromo-dimethylaniline. 

Reaction  in  Cold  Dilute  Solution. — 80  g.  of  85%  mercuric  acetate  was 
dissolved  in  150  cc.  of  hot  water  containing  5  cc.  of  glacial  acetic  add 
to  prevent  the  hydrolysis  of  the  acetate.  A  small  amount  of  mercurous 
acetate  formed  and  was  filtered  ofif.  A  solution  of  40  g.  of  p-bromo- 
dimethylaniline  in  700  cc.  of  hot  95%  alcohol  was  prepared  and  filtered 
into  a  one-quart  fruit  jar.  When  both  solutions  had  cooled  to  30°  the 
mercuric  acetate  solution  was  added  to  the  solution  in  the  fruit  jar  and  the 
latter  was  stoppered  tightly.  If  the  solutions  were  mixed  at  a  higher 
temperatiu-e  ydlow  mercuric  oxide  separated,  as  mercuric  acetate  re- 
acts almost  completdy  with  hot  alcohol  undergoing  **alcoholysis."  No 
change  was  evident  on  mixing  the  cool  sdutions.  After  standing  at  room 
temperature  for  about  6  hours  long  needle  crystals  began  to  form  slowly. 
At  the  end  of  6  days  the  f(»ination  of  crystak  had  ceased.  After  filtra- 
tion by  suction  the  crystalline  residue  (75  g.)  wasteated  tmder  a  reflux 
condenser  for  15  minutes  with  250  cc.  of  benzene,  and  then  filtered  through 
a  steam  fimnd.  The  residue  (7.5  g.)  from  this  extraction  on  treatment 
with  100  cc.  more  of  benzene  gave  no  more  soluble  material.  This  residue 
insoluble  in  benzene  was  practically  pure  mercurous  acetate.  The  benzene 
extract  gave  large  amounts  of  pture  white  oystals  as  soon  as  it  passed 
through  the  steam  ftmnd.  When  thoroughly  cold  it  formed  a  solid  mass 
of  crystals.    Filtration  left  62  g.  of  fine,  pure  white  needles  mdting  at 
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138  to  140^.  1 10  cc.  of  benzene  was  distilled  ofif  from  the  mother  liquor 
and  the  residue  was  allowed  to  evaporate  spontaneously  giving  5.5  g. 
of  crystals  mdting  at  135  ^.  The  alcoholic  mother  liquor  from  the  original 
reaction  mixttu'e  gave  no  more  crystals  on  long  standing.  750  cc.  of  al- 
cohol was  distilled  off.  On  cooling  a  black  tar  was  obtained  which  left 
7.7  g.  of  mercurous  acetate  after  extraction  with  hot  alcohol.  The  al- 
coholic extract  on  standing  gave  4.4  g.  of  an  unmanageable  black  tar. 
In  later  preparations  the  mother  liquor  from  the  original  reaction  mix- 
ture was  worked  up  only  for  the  recovery  of  the  alcohol.  All  the  easily 
obtainable  organo-mercuric  acetate  separated  duryxg  the  long  standing. 
The  evaporation  of  the  mother  liquor  on  the  steam  bath  increased  the 
oxidizing  action  of  the  mercuric  acetate  which  resulted  in  the  formation 
of  mercurous  acetate  and  the  objectionable  tar.  Even  without  recovering 
any  organic  mercury  compotmd  from  the  original  mother  liquor,  40  g. 
of  /7-bromo-dimethylaniline  gave  67.5  g.  of  mercury-(2-dimethylamino- 
5-bromo  phenyl)  acetate  (74%  yield). 

Effect  of  Greater  Concentration  and  Heating.— Two  g.  of  /7-bromo- 
dimethylaniline  was  heated  with  10  cc.  of  alcohol  and  treated  with  a  hot 
solution  of  3.2  g.  of  mercuric  acetate  in  4  cc.  of  water  and  2  cc.  of  glacial 
acetic  add.  An  oil  separated  at  once.  After  heating  for  5  minutes  on 
the  steam  bath  the  oil  disappeared  and  white,  flaky  crystals  appeared. 
After  heating  for  two  hours  the  mixture  was  filtered.  The  white  crys- 
tals proved  to  be  mercurous  acetate  (1.2  g.).  The  alcoholic  filtrate  on 
evaporation  gave  a  brown  oil  which  did  not  crystallize  even  on  standing 
for  3  months. 

Effect  of  Slow  Addition  of  the  Mercuric  Acetate  with  Vigorous  Stirring. 
— 77  g.  of  mercuric  acetate  was  dissolved  in  150  cc.  of  hot  water  con- 
taining 2  cc.  of  glacial  acetic  add.  The  neariy  dear  solution  was  treated 
with  250  cc.  of  alcohol  and  filtered.  40  g.  of  /7-bromo-dimethylaniline 
was  dissolved  in  500  cc.  of  alcohol  and  filtered  into  a  large  wide-mouth 
bottle  provided  with  a  powerful  mechanical  stirrer.  The  merciuic  ace- 
tate solution  was  added  in  10  cc.  porticms  with  constant  stirring  for  3 
days.  The  crystals  which  had  separated  were  treated  in  the  usual  way. 
The  amount  of  mercurous  acetate  obtained  from  the  first  crystals  was 
4.2  g.  as  compared  with  7.5  g.  in  a  run  in  whidi  all  of  the  merctuic  ace- 
tate was  added  at  once  without  stirring.  However  only  53.6  g.  of  the 
organo-mercuric  acetate  was  obtained  as  compared  with  67.5  g.  in  the 
other  experiment. 

Action  of  Mercuric  Acetate  with  Alcohol. — Seven  g.  of  mercuric  ace- 
tate was  treated  with  one  cc.  of  acetic  add  and  50  cc.  of  alcohol  and  heated 
until  no  more  dissolved.  About  o.i  g.  of  mercurous  acetate  was  filtered 
off  and  the  solution  was  heated  under  reflux  for  5  days  and  nights.    Filtra- 


Digitized  by 


GooQle 


1848  FRANK  C.  WHiTMOItE. 

tion  left  less  than  o.i  g.  of  mercurotis  acetate.  Evaporation  of  the  fil- 
trate gave  no  more  mercuroos  acetate. 

Properties  of  Mercury  a-Dimethj^amino-s-bromo  Phenylacetate. 

The  acetate  forms  white,  needle  crystals  melting  at  144^^  It  is  almost 
insoluble  in  water  and  in  petroleum  ether  (b.  p.  35-45^).  It  is  difficultiy 
soluble  in  toluene,  ethyl  ether,  and  chloroform  even  on  heating.  It  is 
fairly  soluble  in  hot  ethyl  acetate,  benzene,  and  carbon  tetrachloride. 
It  is  very  soluble  in  hot  methyl  alcohol,  ethyl  alcohol,  and  acetone.  Car- 
bon disulfide  dissolves  it  readily  even  in  the  cold.  The  best  crystals  are 
obtained  from  methyl  alcohol,  ethyl  alcohol,  and  benzene.  Benzene  is 
the  best  solvent  for  purification  as  it  does  not  dissolve  mercurous  acetate, 
the  impurity  most  likely  to  be  present.  The  acetate  is  also  soluble  in 
cold  cone,  ammonium  hydroxide. 

Action  of  tiie  Acetate  witii  Hydrogen  Sulfide. — ^A  suspension  of  the 
organo-mercuric  acetate  in  water  gave  no  black  precipitate  with  hydrogen 
sulfide.  A  small  amount  of  a  white,  gelatinous  precipitate  formed  showing 
that  the  sulfide  of  the  mercury  base  is  even  le^  sohible  than  the  acetate. 
An  alcoholic  solution  of  the  acetate  gave  no  blade  precipitate  with  hydro- 
gen sulfide.  A  solution  of  the  acetate  in  ammonium  hydroxide  was  sat- 
urated with  hydrogen  sulfide  and  stoppered.  The  pure  white  precipi- 
tate which  formed  first  had  not  changed  at  the  end  o{  3  hours.  At  the 
end  of  5  hours  it  had  turned  gray.  These  tests  show  that  the  mercury 
in  mercury-(2-dimethylamino-5-bromo  phenyl)-acetate  is  very  com- 
pletely "masked"  or  non-ionized.  Similar  experiments  with  the  other 
organic  mercury  compounds  prepared  in  this  work  showed  that  their 
mercury  atoms  were  in  the  same  masked  condition. 

Analysis  of  the  Acetate  for  Bromine  and  for  Mercury.— The  organic 
mercury  compounds  mentioned  in  this  paper  were  analyzed  in  the  fol- 
lowing way:  A  sample  of  the  substance  was  decomposed  in  a  Carius  tube 
by  means  of  fuming  nitric  add.  For  complete  decomposition  heating 
at  about  200  "^  for  at  least  36  hours  was  required.  In  samples  which  were 
heated  for  shorter  periods  organic  material  was  often  left  undecomposed. 
This  apparentiy  consisted  of  water-soluble  nitro  compounds  which  inter- 
fered with  the  quantitative  predpitation  of  the  mercury  sulfide  by  am- 
monium sulfide.  The  contents  of  the  Carius  tube  were  diluted,  trans- 
ferred to  a  beaker,  and  nearly  neutralized  by  sodium  hydrogen  carbonate 
free  from  halogen.  Freshly  prepared  ammcmium  sulfide  made  from  10 
cc.  of  cone,  ammonium  hydroxide  was  then  added  with  stirring.  The 
reaction  mixture  was  allowed  to  stand  on  a  steam  bath  overnight  and  was 
then  filtered  through  a  wdghed  Gooch  crudble  and  dried  at  no**  for  one 
hour.  This  method  of  analysis  gave  better  results  than  the  ordinarity 
recommended  method  of  dissolving  the  mercury  sulfide  in  sodium  hydrcfx- 
*  All  meltiiig  points  given  in  this  paper  are  "uncorrected." 
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ide  and  repredpitating  it  with  ammonium  nitrate  in  order  to  get  the  pre- 
cipitate in  a  more  easily  filterable  form.  By  using  the  method  indicated 
there  was  no  trouble  in  filtering  the  precipitate.  Moreover  the  mer- 
cury sulfide  contained  practically  no  free  sulfur.  This  was  shown  by 
extracting  the  weighed  precipitate  for  an  hour  with  carbon  disulfide.  The 
loss  in  weight  seldom  exceeded  0.2  mg.  The  extraction  with  carbon  di- 
sulfide was  carried  out  in  an  extraction  flask  having  a  wide  neck  and  pro- 
vided with  a  reflux  condenser.  The  Gooch  crucible  with  a  piece  of  filter 
paper  tied  around  it  was  set  in  a  support  of  heavy  copper  wire  by  means 
of  a  pair  of  long,  straight  tongs.  A  cone  of  filter  paper  was  then  placed  on 
top  of  the  crucible  and  the  condenser  was  put  in  place.  The  purpose  of 
the  filter  paper  cone  is  to  prevent  the  dropping  of  the  condensed  carbon 
disulfide  from  becoming  rapid  enough  to  wash  the  asbestos  mat  loose. 
Bven  with  this  precaution  mercury  sulfide  might  be  washed  through  if 
the  mat  were  unusually  thin.  In  this  case  the  outside  filter  paper  will 
show  the  mercury  sulfide  and  the  analysis  can  be  discarded.  This  happened 
only  once  in  the  analysis  of  the  substances  mentioned  in  this  paper. 

The  filtrate  and  washing  from  the  mercury  sulfide,  about  400  cc,  were 
made  barely  add  with  dil.  nitric  add.  In  most  cases  no  sulfur  separated. 
When  sulfur  did  appear  it  was  usually  from  a  sample  which  had  not  been 
thoroughly  heated  on  the  steam  bath.  The  slightly  add  solution  was 
then  warmed  on  the  steam  bath  until  no  odor  was  perceptible,  after  which 
the  dear  solution  was  treated  with  silver  nitrate  and  the  silver  halide  was 
determixied  gravimetrically.  • 

Calc.  for  Ci(»H]sO|NBrHg:  Hg,  43.7;  Br,  17.5.    Found:  Hg,  43.9;  Br,  18.2. 
Preparation  of  Other  Salts  from  the  Acetate. 

The  chloride,  bromide,  iodide,  and  thiocyanate  were  prepared  by  treat- 
ing alcoholic  solutions  of  the  acetate  with  alcoholic  solutions  of  caldum 
chloride,  sodium  bromide,  potassium  iodide,  and  potassium  thiocyanate, 
respectivdy.  In  the  cases  of  the  chloride,  bromide,  and  thiocyanate  the 
product  predpitated  out  of  the  hot  solutions.  As  the  iodide  was  much 
more  soluble  it  was  found  desirable  to  mix  the  calculated  amounts  of  the 
acetate  and  potassium  iodide  in  a  small  volume  of  alcohol  and  reflux  until 
most  of  the  material  had  gone  into  solution.  After  filtering  and  cooling 
crystals  separated  which  were  freed  from  any  potassitun  acetate  by  wash- 
ing with  a  little  water. 

Properties  of  Mercury  (2-I>imethylamino-5-bromo  Phenyl)  Chloride. 
— ^The  chloride  separated  from  alcohol  or  benzene  in  fdted  masses  of 
very  fine  needles,  m.  p.  183**,  Its  solubilities  are  about  the  same  as  those 
of  the  acetate. 

Subs.,  0.3231:  HgS,  0.1 716;  mixed  AgBr  4-  AgCl,  0.2498. 
Calc  for  CsHjNClBrHg:  Hg,  46.0;  Br   -j-  CI  (1:1),  26.6.    Found:  Hg,  45.8; 
Br  +  CI,  26.9. 
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Properties  of  the  Bromide. — The  bromide  tends  to  form  larger  crystals 
than  the  chloride  and  does  not  assume  the  **felted"  appearance  of  the 
latter.  M.  p.  182^.  It  is  rather  more  soluble  in  all  the  organic  solvents 
than  the  chloride. 

Calc.  for  CiHtNBrHg:  Hg,  41.8.    Pound:  41.8. 

Properties  of  the  Iodide. — ^The  appearance  of  the  iodide  is  very  much 
like  that  of  the  bromide.  It  is  very  much  more  soluble  in  organic  sol- 
vents.   M,  p.  169^ 

Calc.  for  CsHiNBrlHg:  Hg,  38.0.    Pound:  37.8. 

Properties  of  tiie  Thiocyanate. — ^The  thiocyanate  separated  from 
the  reaction  mixtmre  in  fine,  white,  gritty  crystals,  m.  p.  135"^,  decompos- 
ing at  140^.  It  is  insoluble  in  water  and  petroleum  ether,  slightly  soluble 
in  carbon  tetrachloride,  difficultly  soluble  in  ether,  soluble  in  acetic 
add  and  carbon  disulfide,  very  soluble  on  heating  in  methyl  alcohol, 
ethyl  alcohol,  ethyl  acetate,  benzene,  toluene,  and  chloroform.  It  dissolves 
readily  in  cold  acetcme.  The  only  solvent  which  gives  good  aystals  is 
ethyl  acetate. 

Calc.  for  C»H»NsBrSHg:  Hg,  43.8;  Br,  17.5.    Pound:  Hg,  43.4;  Br,  17.4. 

Preparation  and  Properties  of  the  Base,  Mercury  (2-Dimethylamino-5- 
bromo  Phenyl-)hydroxide. — ^An  alcoholic  solution  of  the  acetate  when 
treated  with  the  calculated  amount  of  sodium  hydroxide  in  alcohol  slowly 
deposited  hard,  wart-like  masses  of  crystals.  These  melt  at  162®  and  give 
off  bubbles  without  blackening  at  165°.  No  method  was  found  for  puri- 
fying this  substance  as  it  is  practically  insoluble  in  all  solvents  except 
acetic  acid  and  ethyl  acetate  which,  of  coiU"se,  change  it  back  to  the  ace- 
tate. The  powdered  crystals  were  dried  over  soda  Kme  and  analyzed. 
Calc.  for  CgHioONBrHg:  Hg,  48.1.    Pound:  484. 

Preparation  and  Properties  of  the  Formate. — Five  g.  of  the  hydrox- 
ide was  heated  under  a  reflux  condenser  with  50  cc.  of  ethyl  formate  for 
half  an  horn*.  Most  of  the  hydroxide  dissolved.  When  filtered  and  cooled 
the  solution  gave  fine  felted  needles,  m.  p.  145°,  decomposing  at  150**. 
On  standing  the  piu*e  white  crystals  turned  black,  possibly  due  to  the 
liberation  of  a  small  amount  of  mercury.  The  solubilities  of  the  formate 
are  similar  to  those  of  the  acetate  except  that  it  is  rather  more  soluble, 
notably  so  in  water,  chloroform,  and  carbon  tetrachloride. 

Calc.  for  CjHioOiNBrHg:  Hg,  45.1;  Br,  18.0.    Pound:  Hg,  45.4;  Br,  18.8. 

Preparation  of  the  Mercury  Diphenyl  Derivative.    Mercury  Di-(2- 
dimethylamino-s-bromo  Phenyl). 

27.6  g.  of  mercury(2-dimethylaniino-5-bromo  phenyl)  acetate  was 
mixed  with  23  g.  of  powdered  potassium  iodide  and  heated  with  200  cc. 
of  alcohol  under  a  reflux  condenser  for  8  hours.  At  the  end  of  the  heat- 
ing most  of  the  material  had  dissolved  giving  a  pale  yellow  solution.     A 


Digitized  by 


GooQle 


ORGANIC  MERCURY  COMPOUNDS.  1 85 1 

small  insoluble  residue  was  colored  dark  by  metallic  mercury.  After 
filtration  the  residue  was  extracted  with  cold  benzene  giving  a  solution 
which  left  7.5  g.  of  crystals  melting  at  95  to  105*^.  The  residue  msoluble 
in  benzene  contained  0.5  g.  of  metallic  mercury  and  a  water-soluble  in- 
organic compound  (K2Hgl4).  The  original  yellow  alcoholic  solution  de- 
posited 8.2  g.  of  crystals  melting  at  114  to  119°.  The  mother  liquor  from 
these  crystals  was  treated  with  200  cc.  of  water  and  allowed  to  stand. 
2.6  g.  of  crystals  melting  at  55  ^  were  obtained.  This  substance  was  proved 
to  be  /7-bromo-dimethylaniline.  The  water-alcohol  mother  liquor  gave 
no  more  solid  even  on  evaporation.  The  yield  of  the  mercury  diphenyl 
derivative  was  86%. 

The  15.5  g.  of  crystals  melting  over  95°  was  dissolved  in  30  cc.  of  hot 
benzene  and  mixed  with  50  cc.  of  petroleum  ether  (b.  p.  35  to  45°).  The 
mixture  was  only  slightly  turbid.  On  standing,  12  g.  of  crystals  melting 
115**  separated.  Three  more  crystallizations  raised  the  melting  point 
to  123*^.  The  mother  liquors  yielded  a  small  amount  of  ^-bromo-di- 
methylaniline. 

Properties  of  the  Diphenyl  Derivative. — The  substance  crystallizes 
in  fine,  white  needles,  m.  p.  123°.     It  dissolves  in  the  same  solvents  as 
the  acetate  but  to  a  much  greater  extent.     It  is  readily  soluble  even  in 
the  cold  in  benzene,  toluene,  ether,  carbon  disulfide,  and  acetone. 
Calc.  for  CwHisNiBriHg:  Hg,  33.5;  Br,  26.8.    Found:  Hg,  33.3;  Br,  26.5. 

Other  Methods  of  Obtaining  the  Mercury  Diphenyl  Derivative. 

Action  of  the  Acetate  with  Anmionium  Bromide. — 9.2  g.  of  merctuy- 
(2-dimethylamino-5-bromo  phenyl)  acetate  was  mixed  with  4  g.  of  am- 
monium bromide  and  200  cc.  of  alcohol  and  heated  under  a  reflux  con- 
denser for  3  hoiu-s.  The  reaction  mixture  was  worked  up  in  the  same 
way  as  that  obtained  by  means  of  potassiiun  iodide.  The  products 
obtained  were  3.2  g.  of  the  bromide,  0.2  g.  of  the  mercury  diphenyl  com- 
potmd,  and  2.6  g.  of  />-bromo-dimethylaniline.  The  aqueous  washings 
from  the  last  substance  contained  large  amounts  of  inorganic  mercury 
compotmds  probably  formed  by  the  hydrobromic  acid  liberated  by  the 
dissociation  of  the  ammonium  bromide. 

Action  of  the  Acetate  with  Sodium  Bromide. — ^The  experiment  was 
carried  out  in  the  same  way  as  with  the  ammonium  bromide.  An  in- 
soluble residue  consisted  of  0.8  g.  of  metallic  mercury  and  6.4  g.  of  the 
bromide.  The  original  solution  deposited  1.2  g.  of  the  bromide  on  cool- 
ing. Evaporation  of  the  mother  liquor  left  a  sticky  solid  from  which  some 
inorganic  mercury  compound  was  extracted  by  water. 

Action  of  the  Acetate  with  Large  Excess  of  Calcium  Chloride. — 2.3 
g.  of  the  acetate  with  2  g.  calcium  chloride,  and  25  cc.  water  and  100  cc. 
of  alcohol  were  heated  under  a  reflux  condenser  for  12  hours.     The  solid 
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residue  (0.8  g.)  cotisisted  of  impure  chloride  (m.  p.  171-4^).  The  solu- 
tion on  cooling  deposited  i.i  g.  of  the  chloride,  m.  p.  181  °.  Evaporation 
of  the  mother  liquor  gave  1.2  g.  of  solid,  most  of  which  dissolved  in  water. 
The  water  sdiution  gave  no  action  with  hydrogen  sulfide  showing  that 
no  inorganic  mercury  compound  had  been  formed. 

Effect  of  Heat  on  the  Iodide  in  Benzene  Solution. — 1.7  g.  of  the  iodide 
in  50  cc.  of  benzene  was  heated  under  a  reflux  condenser  for  6  hours. 
Only  tmchanged  iodide  was  recovered.  There  was  no  evidence  <rf  the 
formation  of  any  mercuric  iodide  or  of  metallic  mercury. 

Heating  of  the  Mercury  Diphenyl  Compound  ¥dth  Excess  of  Potas- 
sium Iodide. — Long  refluxing  (15  hours)  of  the  mercury  diphenyl  deriva- 
tive with  a  large  excess  of  potassium  iodide  in  alcohol  gave  a  very  small 
amount  (}ess  than  o.i  g.)  of  metallic  mercury  and  a  very  small  amount  of 
a  water-soluble  inorganic  merctuy  compound.  Most  of  the  mercury 
diphenyl  compound  was  recovered  unchanged.  When  the  mercury  di- 
phenyl derivative  was  refluxed  with  alcohol  for  30  hours  a  slight  amount 
of  metallic  mercury  was  formed.  No  inorganic  mercury  compound  was 
obtained.  Pure  potassium  mercuric  iodide  was  refluxed  for  10  hours 
with  alcohol  without  the  formation  of  any  metallic  mercury.  These  ex- 
periments show  that  the  formation  of  metallic  mercury  is  due  to  the  ac- 
tion of  the  organo-mercury  compounds  with  the  alcohol.  The  reaction 
is  in  all  cases  a  very  slight  one. 

Action  of  the  Acetate  with  Sodium  Thiosulfate. — Five  g.  of  the  ace- 
tate in  a  mixture  of  100  cc.  of  alcohol  and  100  cc.  of  benzene  was  treated 
with  7  g.  of  sodium  thiosulfate  in  10  cc.  of  cold  water.  At  first 
there  was  no  change  apparent  on  shaking.  On  standing  the  mixture 
turned  black.  An  excess  of  cone,  sodium  thiosulfate  solution  was  added. 
The  black  precipitate  did  not  change.  Filtration  gave  a  dear  solution 
which  turned  black  on  standing.  The  black  substances  were  tarry  and 
unmanageable.  Probably  they  were  mixtiu*es  of  the  organo-mercuric 
thiosulfate,  the  mercury  diphenyl  compound,  metallic  mercury,  etc. 

Action  of  the  Acetate  with  Potassium  Sulfide. — ^When  an  alcoholic 
solution  of  the  acetate  is  treated  with  alcoholic  potassium  sulfide  a  pm^, 
white  precipitate  forms  at  once.  This  almost  instantly  turns  yellow, 
then  gray,  and  finally  black.  This  change  is  very  rapid  if  the  solutions 
are  warm  when  mixed.  Attempts  were  made  to  filter  off  the  precipitate 
made  from  cold  solutions  before  it  had  a  chance  to  darken.  These  were 
unsuccessful  as  the  sulfide  is  very  gelatinous  and  filters  slowly.  During 
this  slow  filtration  the  precipitate  always  turned  yellow.  The  white  sul- 
fide was  finally  obtained  in  the  following  way:  2.3  g.  of  the  acetate  dis- 
solved in  250  cc.  of  cold  alcohol  was  mixed  with  20  cc  of  alcohol  con- 
taining 0.28  g.  of  potassium  stdfide.  The  mixture  was  immediately  poured 
into  cold  water.    The  precipitate  remained  white.    It  was  filtered  through 
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a  fluted  filter  paper  and  dried  between  several  thicknesses  of  filter  paper. 
When  wet  the  sulfide  formed  a  tliick,  gelatinous  mass;  when  dry  it  formed 
hard,  white  flakes  which  turned  slightly  gray  on  long  standing.  When 
heated  in  a  melting  point  tube  it  turned  gray  at  about  97^  and  partly 
melted  115  to  120**.  This  behavior  is  probably  due  to  the  change  of  the 
sulfide  into  mercuric  sulfide  and  the  mercury  diphenyl  derivative  (m.  p. 
123**).  The  sulfide  was  not  soluble  in  any  cold  solvent.  All  hot  solvents 
turned  it  gray  except  ether  and  petroleum  ether  in  which  it  was  not  ap- 
preciably soluble.  The  other  solvents  dissolved  part  of  it  on  heating  but 
gave  very  tarry  substances  on  evaporation.  Evidently  the  decomposi- 
tion of  the  organo-mercuric  sulfide  into  mercuric  stdfide  and  the  mercury 
diphenyl  derivative  is  not  readily  brought  to  completion. 

Action  of  the  Acetate  and  the  Hydroxide  with  Stannous  Compounds* 
— 9.2  g.  of  the  acetate  in  400  cc.  of  alcohol  treated  with  aqueous  sodium 
stannite  made  from  2.3  g.  of  crystallized  stannous  chloride  and  an  excess 
of  sodium  hydroxide  gave  3.8  g.  of  the  mercury  diphenyl  compound, 
a  63%  3deld. 

When  the  hydroxide  was  refluxed  in  alcohol  with  stannous  chloride 
the  chief  products  were  the  organo-mercuric  chloride,  metallic  mercury 
and  />-bromo-dimethylaniline.  The  formation  of  the  last  named  substance 
was  probably  due  to  hydrochloric  add  liberated  by  the  hydrolysis  of  the 
stannous  chloride. 

When  the  base  was  treated  with  freshly  precipitated  stannous  hydrox- 
ide suspended  in  alcohol  only  a  very  small  amount  of  the  mercury  di- 
phenyl compound  was  obtained.  This  was  probably  due  to  the  slight 
solubility  of  both  substances  in  alcohol. 

Effect  of  Heat  on  the  Formate. — One  g.  of  the  formate  was  heated  for 
30  hours  with  20  cc.  of  benzene  and  20  cc.  of  alcohol.  0.4  g.  of  metallic 
mercury  was  formed.  The  filtrate  on  standing  gave  less  than  01  g.  of 
the  mercury  diphenyl  compound  and  about  0.5  g.  of  p-bromo-dimethyl- 
aniline. 

Action  ef  the  Acetate  with  Zinc  Dust. — ^4.6  g.  of  the  acetate  mixed 
with  0.4  g.  of  zinc  dust  and  100  cc.  of  alcohol  was  heated  under  a  reflux 
condenser  for  2  hours.  The  residue  weighed  0.9  g.  and  consisted  of  me- 
tallic mercury  and  some  zinc  oxide  (or  hydroxide).  The  solution  gave 
1.3  g.  of  unchanged  acetate  and  0.9  g.  />-bromo-dimethylaniline.  When 
the  experiment  was  repeated,  using  copper  powder,  no  product  but  the 
original  acetate  and  a  very  small  amount  of  metallic  mercury  was  obtained. 

Action  of  Mercuric  Salts  with  the  Mercury  Diphenyl  Derivative, 
Mercury  Di-(2-dimethylamino-s-bromo  Phenyl). 

One  g.  of  the  mercury  diphenyl  compound  mixed  with  0.5  g.  of  mer- 
curic chloride  and  50  cc.  of  alcohol  and  refluxed  for  4  hours  gave  1.5  g. 
of  the  chloride,  melting  at  181°.    Yield,  100%. 
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A  similar  experiment  using  mercuric  bromide  gave  1.5  g.  of  the  bromide, 
melting  at  179**.    Yield,  94%. 

Using  mercuric  iodide  instead  of  the  chloride,  1.7  g.  of  the  iodide  was 
obtained,  melting  at  160**.  Yield,  95%.  It  will  be  noted  that  the  iodide 
obtained  in  this  way  is  not  as  nearly  pure  as  are  the  corresponding  bromide 
and  chloride. 

When  mercuric  thiocyanate  was  used  in  place  of  the  halides  the  organo- 
mercuric  thiocyanate  melting  at  130®  was  obtained  in  87%  yield. 

One  g.  of  the  mercury  diphenyl  compound  refluxed  with  0.5  g.  of  mer- 
cimc  sulfate  in  alcohol  gave  a  yellow  solid  which  proved  to  be  basic  mer- 
curic sulfate  and  a  small  amount  of  ^-bromo>dimethylaniline. 

Summary. 

1.  Mercuric  acetate  reacts  with  />-bromo-dimethylaniline  introducing 
the  mercuri-acetate  group,  — Hg — O — CO — CH3,  into  the  ortho  position. 
Yield,  74%. 

2.  The  mercury- (2-dimethylamino-5-bromo  phenyl-)  acetate  obtained 
in  this  way  readily  )rields  other  salts  by  double  decompositicm  reactions. 
The  chloride,  bromide,  iodide,  and  thiocyanate  were  prepared  and  their 
properties  studied. 

3.  The  orgajio-mercuric  hydroxide  of  this  series  was  prepared.  From 
it  was  made  the  corresponding  formate  by  treatment  with  ethyl  formate. 
This  treatment  of  an  organo-mercuric  hydroxide  with  an  ester  gives  a 
new  method  for  making  organo-mercuric  salts  which  cannot  conveniently 
be  made  in  any  oth^  way. 

4.  The  mercury  diphenyl  derivative  was  made  and  its  properties  studied. 

5.  The  change  of  compounds  of  the  type  R — Hg — ^X  to  those  of  the 
merciuy  diphenyl  type,  R2Hg,  may  be  brought  about  by  alkaline  reduc- 
ing agents  and  by  substances  like  iodides,  sulfides,  and  thiosulfates.  It 
is  suggested  that  this  reaction  depends  upon  the  ability  of  these  sub- 
stances to  form  very  stable  complex  ions  of  mercury.  In  confirmation  of 
this  it  has  been  found  that  the  iodides  are  most  efficient  of  the  halides 
in  bringing  about  this  reaction.  Bromides  bring  it  about  to  only  a  very 
slight  extent  and  chlorides  do  not  do  so  at  all. 

MiNKBAPOLis,  Minn. 
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By  H.  C.  Sherman  and  Dora  E.  Nbun. 

Received  Avgust  16,  1919. 

Previous  papers  from  this  laboratory^  have  described  the  purification 
and  properties  of  pancreatic  amylase  preparations  which,  while  not  chem- 
ically pure,  appear  to  constitute  a  definite  product  of  protein  nature, 
similar  in  most  of  its  chemical  characteristics  to  the  malt  amylase  described 
by  Osborne.*  but  showing  much  greater  enzymic  activity.  Several  years' 
study  leads  us  to  conclude  in  regard  to  our  pancreatic  amylase,  as  did 
Osborne  in  his  study  of  the  amylase  of  malt,  that  the  protein  of  which  the 
finil  preparation  is  composed  is  not  merely  a  carrier,  but  probably  more 
nearly  represents  an  approximate  isolation  of  the  enzyme  itself,  though 
as  we  have  pointed  out  elsewhere,'  there  is  reason  to  believe  that  in  each 
case  a  part  of  the  enzyme  may  have  undergone,  during  its  ptuification, 
some  hydrol3rsis  or  chemical  rearrangement  with  a  corresponding  diminu- 
tion of  amylolytic  power. 

Last  year  we  showed  in  some  detail*  that  the  purified  pancreatic  amylase 
preparations  made  in  this  laboratory  exhibit  also  a  proteoljrtic  activity 
similar  to  that  of  trypsin,  and  fully  equal  in  intensity  to  that  of  the  best 
commercial  trjrpsins  which  we  have  tested,  though  they  are  not  so  active 
proteolytically  as  another  of  our  preparations  from  the  pancreas. 

The  marked  proteolytic  activity  of  our  purified  pancreatic  amylase 
preparation  is  characteristic  of  it,  as  contrasted  with  otu*  purified  amylase 
preparations  from  malt  and  from  Aspergillus  oryzae.  It  is  well  known 
that  extracts  of  malt  and  of  Aspergillus  aryzae  omtain  proteases,  as  do 
also  commerical  taka-diastase  and  crude  precipitated  malt  diastase; 
but  the  purified  malt  amylase  prepared  as  described  in  a  previous  paper^ 
has  now  been  tested  throughout  a  wide  range  of  hydrogen  ion  concentra- 
tion without  revealing  any  proteolytic  action,  and  the  amylase  prepara- 
tion from  Aspergillus  oryeae,  in  such  degree  of  purity  as  has  so  far  been 
obtained,  shows  only  about  one-fortieth  of  the  proteolytic  activity  of  the 
purified  pancreatic  amylase  preparation. 

The  proteolytic  activity  thus  shown  by  the  pancreatic  amylase  pirepara- 

tion  might  be  attributed  to  the  presence  in  the  pancreas  of  a  protease 

independent  of  the  amylase  but  having  so  nearly  the  same  solubilities 

1  Sherman  and  Scfalesinger,  Tms  Journal,  33,  1195  (191 1);  34*  1 104  (1912);  37> 

1305  (1915). 

»  Osborne,  Ibid,,  17,  587  {1895);  Ibid,,  18,  536  (1896). 

*  Sherman  and  Scfalesinger,  Ibid.,  37,  1305  (1915)* 

*  Sherman  and  Neun,  Ibid.,  40,  1138  (1918)- 

*  Sherman  and  Scfalesinger,  Ibid,,  37,  643  (1915). 
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as  to  remain  admixed  with  the  amylase  throughout  the  purification  process 
to  which  the  latter  has  been  subjected.  Possibly  a  part  of  the  tr)T)sin 
may  thus  accompany  the  amylase. 

The  facts  observed  and  to  be  described  below  also  suggest  the  possi- 
bility that  the  amylolytic  and  proteol3rtic  activities  may  in  this  case  be 
the  characteristic  properties  of  interrelated  substances  or  may  conceivably 
be  two  properties  of  the  same  substance,  analogous  to  the  findmg  of  Osborne 
and  Wells^  that  a  single  isdated  protein  (hordein  or  gliadin)  may  omtain 
more  than  one  antigenic  radical.  One  is  also  reminded  of  the  problem 
of  the  possible  identity  of  pepsin  and  rennin. 

The  experiments  described  below  were  undertaken  with  a  view  to  throw- 
ing some  further  light  upon  the  nature  of  the  relationship  which  exists 
between  the  amylolytic  and  proteolytic  activities  of  our  purified  pancreatic 
amylase  preparations. 

Bxperimental. 

In  our  usual  method  of  purification,'  high  grade  commercial  pancreatin 
is  extracted  with  50%  alcohol,  this  filtrate  is  precipitated  with  alcohol- 
ether  mixture  and  the  precipitate  dissolved  in  water  and  precipitated 
with  absolute  alcohol,  then  dissolved  and  dialyzed  in  50%  alcohol  con- 
taining maltose  to  retard  deterioration,  and  finally  precipitated  with  an 
equal  volume  of  i  :  i  alcohol-ether  mixture.  In  this  procediu-e  there 
settles  out  in  the  dialyzing  sacs  some  material  which,  originally  soluble 
in  50%  alcohol,  has  now  become  insoluble  in  the  same  solvent  apparently 
as  a  result  of  the  preceding  precipitation  with  absolute  alcohol  or  standing 
in  50%  alcohol,  or  both.  This  product,  **sac  precipitate,"  hjis  littie,  if 
any,  diastatic  power,  but  has  higher  proteol)rtic  activity  than  has  the 
final  amylase  preparation.  In  fact,  it  is  much  the  most  active  protease 
of  which  we  have  knowledge. 

In  order  to  test  whether  the  amylase  and  protease  activities  of  the  final 
product  of  our  usual  method  of  ptuification  are  due  to  admixed  substances 
which  can  be  separated  by  differing  solubilities  in  alcohol,  we  substituted 
for  the  usual  final  precipitation  with  i  :  i  alcohol-ether,  a  precipitation 
with  an  equal  voltune  of  a  mixture  of  two  parts  alcohol  to  one  of  ether» 
the  product  thus  obtained  being  called  Precipitate  A,  after  which  a  second 
precipitate,  B,  was  obtained  by  adding  more  ether.  Precipitate  A  was 
separated  by  centrifugal  force,  with  the  additional  precaution  of  cooling 
the  centrifuge  with  liquid  air,*  and  decantation;  Precipitate  B,  by  filtra- 
tion after  the  addition  to  the  solution  decanted  from  Precipitate  A,  of  an 
amount  of  ether  equal  to  half  its  vdume. 

*  Osborne  and  Wells,  /.  Infec.  Diseases,  za,  341  (1913). 

*  Sherman  and  Schlesinger,  This  Journal,  37,  1305  (1915). 

*  This  precaution  appeared  important  because  otherwise  there  was  a  large  loss  of 
amylolytic  power  in  the  precipitation  and  handling  of  the  final  products. 
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TypicaDy  the  amylolytic  activity  of  Precipitate  A  was  lower  than 
that  of  Precipitate  B;  but  the  latter  was  not  more  active  than  our  usual 
amylase  preparations. 

The  proteoljrtic  activity  was  higher  in  Precipitate  A  than  in  Precipi- 
tate B. 

The  full  description  of  a  single  typical  experiment  follows: 
Preparation  78  (N.  14): — 20  g.  of  air-dry  pancreatin  was  mixed  with  200  cc.  of 
50%  alo^oi  at  5^  and  allowed  to  stand  20  minutes  surrounded  by  a  freezing  mixture, 
then  filtered,  and  the  filtrate  received  in  cylinders  surrounded  by  a  freezing  mixture. 
The  residue  was  washed  with  absolute  alcohol  and  ether,  then  dried  in  a  vacuum  des- 
iccator. (The  washings  were  kept  separate  from  the  filtrate  and  were  rejected.)  The 
filtrate  or  50%  alcohol  extract,  which  amounted  to  142  cc  was  poured  into  one  liter  of 
alcohol-ether  mixture  (i  :  4)  and  after  standing  20  minutes  surrotmded  by  a  freezing 
mixture,  the  supernatant  liquid  was  decanted  and  the  residue  was  dissolved  in  57  cc. 
of  triply  distilled  water  at  i  °  and  this  solution  was  poured  into  430  cc  of  absolute  alcohol 
which  had  been  chilled  in  a  freezing  mixttne.  The  resulting  flocculent  precipitate  was 
made  to  settle  by  centrifuging  for  15  minutes,  liquid  air  being  continuously  introduced 
into  the  centrifuge  to  keep  it  cold.  The  temperature  of  the  liquid  was  thus  kept  below 
14^  even  after  continuous  centrifuging  for  15  minutes.  The  precipitate  was  dissolved 
in  250  cc.  of  50%  alcohol  containing  5  g.  of  maltose  and  dialyzed  in  two  collodion  sacs 
against  2  liters  of  cold  50%  alcohol  for  40  hours,  changing  the  dialysate  morning  and 
evening.  The  3  dialsrsates  were  rejected.  The  precipitate  which  appeared  in  the 
dialyzing  sac  was  filtered  in  an  ice  chest,  the  filtrate'  being  received  in  cylinders  packed 
in  a  freezing  mixttue.  This  filtrate  (330  cc.)  was  mixed  with  an  equal  volume  of 
alcohol-ether  mixture  (2:1)  and  the  resulting  flocculent  precipitate  was  collected  by 
centrifuging  for  15  minutes  with  a  continuous  stream  of  liquid  air  passing  into  the  cen- 
trifuge as  described  above.  (In  this  case  a  maximum  temperature  of  19°  was  reached.) 
The  precipitate  thus  obtained  was  scraped  out  of  the  centrifuge  cups,  dried  in  vacuo 
and  weighed  as  "Precipitate  A."  The  filtrate  was  potned  into  half  its  volume  of  ether, 
the  resulting  precipitate  separated  by  filtration  at  ice  box  temperature,  dried  in  vacuo, 
and  weighed  as  "Precipitate  B." 

The  weights  and  activities  of  these  products  are  shown  in  Table  IV. 

Amylolytic  Activity. — ^To  permit  of  comparison  with  other  prepara- 
tions, the  amylolytic  activities  of  the  4  fractions  obtained  in  each  of  several 
experiments  are  given  in  Table  I,  both  in  terms  of  the  "new  scale"  diastatic 
powers  as  generally  used  in  this  laboratory  since  19 10,  and  as  "saccharo- 
genic  powers"  defined  as  the  number  of  mg.  of  maltose  formed  per  hour 
at  40®  by  each  mg.  of  enzyme  acting  upon  a  sufficient  excess  of  substrate. 

As  was  to  be  expected  in  view  of  earlier  work,  the  extractions,  dialyses 
and  precipitations  with  alcohol  necessarily  involve  more  or  less  destruc- 
tion or  inactivation  of  the  amylase  (probably  at  least  half  of  that  present), 
which  together  with  experimental  errors,  make  the  results  somewhat  ir- 
regular when  the  activities  of  the  different  fractions  are  stated  in  quanti- 
tative terms.    The  general  trend  of  the  results  is,  however,  quite  pro- 

^  The  precipitate  was  subsequently  washed  3  times  with  cold  50%  alcohol  by  cen- 
trifuging and  decantation,  the  washings  rejected  and  the  washed  precipitate  dried 
vi  vacuo. 
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notinced  and  uniform.  The  residue  from  extracticm  with  50%  alcohol 
has  much  less  amylol3rtic  power  than  the  original  pancreatin,  while  that 
of  the  "sac  precipitate'*  is  much  smaller  stDl,  negligible,  in  fact,  as  com- 
pared with  the  activity  of  the  material  which  remains  to  be  precipitated 
by  alcohol.  The  amylase  activities  of  the  two  alcohol  precipitates  (A 
and  B)  are  of  the  same  order  of  magnitude  both  with  each  other  and  with 
the  final  products  of  the  method  of  purification  which  we  have  usually 
employed  in  the  past.  Typically,  as  in  Preparation  78  (N.  14),  the  amylo- 
lytic  power  of  Precipitate  B  is  higher  than  that  of  Precipitate  A.  It  is, 
however,  not  higher  than  has  been  obtained  by  the  method  of  purifica- 
tion previously  employed. 

TABI.B  I. — ^Amyloi^ytic  AcTiviTiKS  OF  Pancrbas  Products. 


Preparation 

Sw: 

PredpiUte 

Predpita 

number. 

Residue. 

precipitate. 

B. 

Diastatic 

powers  "new  scale  of 

1910.** 

72  (N.8) 

65 

20 

2394 

3000 

75  (N.ii) 

82 

51 

1955 

2195 

77  (N.13) 

133 

23 

2677 

2500 

78  (N.14) 

152 

51 

2624 

3700 

81  (N.17) 

81 

49 

2922 

2800 

Saccharogenic  powers. 

72 

330 

no 

1 1580 

14280 

75 

410 

256 

9550 

10500 

77 

680 

no 

12800 

IOI50 

78 

756 

256 

12600 

17370 

81 

410 

250 

13900 

13400 

Proteolytic  Activity. — If  we  express  proteolytic  activity  in  terms  of 
the  number  of  parts  of  casein  nitrogen  converted,  (a)  to  soluble  products, 
or  (b)  to  amino  nitrogen,  by  one  part  of  enzyme  preparation  per  hoiu*  at 
40°,  then  the  data  for  the  proteolytic  activities  of  the  fractions  obtained 
in  typical  experiments  are  as  shown  in  Table  II. 

Table  II. — Protbolytic  Acrrvixms  of  Pancrbas  Products. 

Preparation  Sac  Precipitate  Precipitate 

number.  Residue.  precipitate.  A.  B. 

Nitrogen  digested  to  soluble  forms  (a). 

72  12  256  80  55 

75  12  256  89  63 

77  13  257  90  55 

78  13                            252                        83  68 
81                             12                            214                        94  69 

Nitrogen  digested  to  amino  form  (b). 

72  1.3  26.4  7.3  5.5 

75  1.3  29.6  12.5  5.7 

77  1.4  28.6  8.8  5.7 

78  1.4                          31.2                     II. 5  6.2 
81                           I.I                           25.8                       8.6  5.4 

It  will  be  seen  that  the  sac  precipitates  have  much  higher  protedytic 
activities  than  either  of  the  later  alcohol  precipitates,  A  or  B.    As  between 
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the  latter,  Precipitate  A  alwa3r8  exceeds  Precipitate  B  in  proteolytic  ac- 
tivity. These  relations  hold  uniformly  true  whether  the  proteolytic 
activity  be  judged  from  the  total  "soluble"  nitrogen  or  the  amino  nitrogen 
of  the  cleavage  products  of  the  casein.  In  order  to  make  the  proteol3rtic 
powers  comparable  with  the  amylolytic  (saccharogenic)  powers,  they  are 
best  expressed  in  terms  of  protein  digested  per  hour  by  unit  quantity  of 
tozyme  preparation.  The  data  (a)  of  Table  II  then  become  as  shown  in 
Table  III. 

Table  III. — ^Protrolytic  AcTivrriEs  m  Terms  of  Casein  Digested  to  Soluble 


Products. 

Preparatkm 

Sac 

PrecioiUte 

Precipitate 

number 

Residue. 

precipitate. 

72 

75 

1600 

500 

344 

75 

75 

1600 

556 

394 

77 

81 

1607 

563 

344 

78 

81 

1575 

519 

425 

81 

75 

1338 

588 

431 

Of  the  total  enzymic  activity  of  the  pancreatin  powder  employed  in 
such  experiments  a  larger  proportion  of  the  proteolytic  than  of  the  amylo- 
lytic power  is  recovered  in  the  4  products  here  described.  This  is  shown 
in  quantitative  terms  in  Table  IV. 

Discussion. — The  exceedingly  unstable  nature  of  the  material  under 
purification,  the  relatively  large  losses  which  appear  to  be  unavoidably 
involved  in  precipitation  and  repredpitation  if  the  characteristic  amylo- 
lytic activity  is  not  to  be  destroyed  in  the  process,  the  dependence  of  the 
yields  of  precipitate  upon  minute  details  of  manipulation  which  proba- 
bly cannot  be  completely  formulated  and  standardized  until  our  knowl- 
edge of  the  behavior  of  colloidal  substances  is  ftuther  developed,  are  all 
conditions  which  tend  against  closely  concordant  results  in  successive  ex- 
periments, even  after  long  practice  has  acquainted  one  with  the  many 
sources  of  diflSculty  and  with  the  necessity  for  the  utmost  care  and  cau- 
tion at  every  step. 

For  the  same  reasons  and  particularly  because  of  the  great  tendency 
to  loss  of  amylolytic  activity  when  pancreatic  amylase  in  the  absence  of 
salts  and  carbohydrates  is  held  in  solution  or  subjected  to  precipitation, 
it  was  not  feasible  to  push  the  fractionation  further  by  repeatedly  dis- 
solving and  repredpitating  as  would  have  been  done  in  a  similar  study 
of  a  simpler  or  more  stable  substance.  This  deterioration  in  activity 
of  the  enzyme  in  solution  which  has  been  emphasized  and  discussed  in 
previous  papers  and  is  much  more  pronounced  in  the  case  of  amylol)rtic 
than  of  proteolytic  action  might  of  itself  explain  the  fact  that  of  the  total 
enzyme  activity  of  the  original  pancreatin  employed  in  the  experiments 
referred  to  in  Table  IV,  about  3  times  as  large  a  proportion  of  the  proteo- 
Yytic  as  of  the  amylol3rtic  activity  was  recovered. 
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Table  IV.— Yields  ov  Amylase  and  Pbotbase  in  pRAcnoNATioN. 

Amylase  Protease. 


Wdght. 

Description.  O. 

Pancreatin  7  20.000 

Preparation  72 : 

Residue 10.515 

Sacppt 0.140 

Ppt.  A 0.042 

Ppt.  B 0.062 

Preparation  75 : 

Residue 10.175 

Sacppt 0.187 

Ppt.  A 0.126 

Ppt.  B 0.159 

Prepcuration  77 : 

Residue 8.906 

Sacppt 0.237 

Ppt.  A 0.076 

Ppt.  B 0.171 

Preparation  78: 

Residue 9.226 

Sacppt 0.151 

Ppt.  A 0.044 

I^t.  B 0.139 

Preparation  81 : 

Residue 9 .864 

Sacppt 0.203 

Ppt.  A 0.077 

PptB 0.284 
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82 

1640 
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75 
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"7 

16 

0.04 

1600 
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13.66 

1 1580 

486 

1.35 

500 

21 

1.28 

14275 

885 

2.47 

344 

21 

1.28 

13.50 

64.33 

410 

4172 

11.62 

75 

763 

46.52 

260 

49 

0.14 

1600 

299 

18.23 

9550 

1203 

3.35 

556 

69 

4.20 

10500 

1670 

4.65 
19.76 

394 

61 

3.72 

72.67 

686 

6110 

17.02 

81 

721 

43.96 

114 

27 

0.08 

1607 

381 

23 .23 

12820 

974 

2.71 

563 

43 

2.62 

10130 

1732 

4.82 

344 

59 

3.60 

24.63 

73.41 

756 

6972 

19.42 

81 

748 

45.60 

256 

39 

O.II 

1575 

238 

14.51 

12600 

555 

1.55 

519 

23 

1.40 

17370 

2414 

6.73 

425 

59 

3.60 

27.81 

65.11 

409 

4034 

11.24 

75 

740 

45.12 

246 

50 

0.14 

1338 

272 

16.59 

13920 

1072 

2.98 

588 

45 

2.74 

13390 

3803 

10.59 

431 

123 

7.44 

24.95 


71.89 


The  following  notes  on  data  of  individual  experiments  may  also  be  con- 
sidered at  this  point: 

Preparation  78  (N.  14)  has  been  described  as  typical  since  we  regard  it  as  the  most 
representative  in  details  of  method  and  in  results.  In  the  tables,  however,  are  also 
included  the  data  of  4  other  experiments,  each  of  which  shows  some  ai^reciable  dif- 
ference from  No.  78  either  in  the  yield  or  activity  of  one  or  more  of  the  products  ob- 
tained.    The  principal  differences  of  each  of  these  from  No.  78  may  be  briefly  noted. 

In  No.  72  the  amylol5rtic  activity  of  the  residue  was  less  well  conserved  and  the 
yield  of  Precipitate  B  was  much  lower.    Moreover,  a  higher  temperature  was  reached 
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during  centrifugatioa  than  in  the  case  of  No.  78,  hence  the  percentage  of  original  en- 
zyme activity  recovered  in  the  4  products  was  somewhat  lower  for  proteoljrtic  and  much 
lower  for  amylolytic  power. 

In  No.  75  the  final  alcoholic  Precipitates  A  and  B,  especially  the  latter,  suffered 
great  loss  of  amylolytic  power  because  of  insufficient  control  of  temperature,  especially 
during  centrifugation.  The  larger  yields  resulted  in  a  relatively  high  total  recovery  of 
proteol3rtic  activity. 

In  No.  77  the  weight  of  the  "sac  precipitate"  and  Precipitate  A  are  higher  and  their 
powers  are  normal,  while  the  weight  of  Precipitate  B  is  also  higher  (than  in  Prepcuration 
78)  but  its  enzymic  activity,  both  amylolytic  and  proteolytic,  is  low.  The  sum  of  the 
4  fractions  shows  lower  amylolytic  and  higher  proteoljrtic  power  than  in  Preparation  78. 

In  No.  81  there  appears  to  have  been  a  better  ^traction  of  amylase  from  the  pan- 
creatin  at  the  beginning  of  the  process  and  hence  a  larger  yield  of  each  of  the  3  pre- 
cipitates obtained  later.  It  appears,  however,  from  their  amyloljrtic  powers,  that 
Precipitates  A  and  B  are  not  as  well  separated  from  each  other  as  in  Preparation  78 
and  also  that  in  the  present  experiment  Precipitate  B  has  either  suffered  a  deterioration 
of  amylolytic  power  or  is  contaminated  with  inert  material  as  in  No.  77,  or  both. 

Since  the  sum  of  either  the  weights  or  the  units  of  amylase  or  of  protease 
action  of  the  4  fractions  here  prepared  from  pancreatin  is  much  below  the 
total  of  the  pancreatin  powder  which  served  as  starting  material,  there 
is  evident  need  of  caution  in  quantitative  interpretation  of  the  results. 
It  is,  however,  apparent  from  the  data  tabulated  above  that  the  purifica- 
tion process  results  in  a  marked  concentration  of  amylolytic  power  in 
the  final  Precipitates  A  and  B.  Thus,  in  Preparation  78,  Precipitate  A 
has  about  seven  times,  and  Precipitate  B  "about  10  times  the  amylolytic 
activity  of  the  original  pancreatin.  Proteol)rtic  activity  is  concentrated 
to  a  much  greater  extent  in  the  "sac  precipitate,"  and  to  a  lesser  but  con- 
siderable extent  in  the  final  Precipitates  A  and  B. 

Special  interest  attaches  to  the  comparison  of  the  amylase  and  protease 
activities  of  the  Precipitates  A  and  B  with  each  other  and  with  oiu*  usual 
amylase  preparations.  In  the  case  of  a  typical  fractionation  experiment 
such  as  that  described  above  as  Preparation  78,  the  high  proteol)rtic 
activity  of  Precipitate  A  obviously  suggests  that  oiu*  usual  amylase  prepara- 
tion may  be  a  mixture  of  amylase  and  protease,  of  which  the  protease  is 
here  concentrated  in  the  first  precipitate.  In  this  case  Precipi- 
tate B  should  have  shown  a  higher  concentration  of  amylase  than  oin 
usual  amylase  preparations,  except  that  because  of  the  added  manipula- 
tion a  greater  deterioration  of  amylase  was  necessarily  involved. 

On  the  whole,  it  seems  probable  that  a  partial  separation  of  a  mixtiu-e 
of  amylase  and  protease  was  accomplished  but  that  amylolytic  activity 
was  partially  lost  because  of  the  extra  manipulation,  since  amylolytic 
activity  deteriorates  much  more  rapidly  than  proteolytic,  at  least  under 
conditions  such  as  obtained  in  these  experiments. 

The  further  possibility  that  there  are  enzyme  particles,  which  have  both 
amylolytic  and  proteolytic  activities  is  not  excluded.    Both  possibilities 
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should  be  taken  into  account  in  future  consideration  of  the  problem 
of  specificity  of  enzyme  action. 

We  are  greatly  indebted  to  the  Carnegie  Institution  of  Washington  for 
grants  in  aid  of  this  investigation. 

Nbw  York,  N.  Y. 


[CONTItlBUTlON    FROM   THE    CHSBflCAL    LABORATORY   OP   THB    UNIVBRSITY   OP   NORTH 

Carolina.  ] 

THE  ACTION  OF  BASIC  REAGENTS  ON  SCHIFF'S  BASES.    I. 
THE  CHLORALNTTRANILINE  GROUP. 

By  a.  S.  Whbblsr  and  S.  C.  Smith. 

Received  August  23,  1919. 

Theoretically  a  great  many  compounds  are  included  under  the  designa- 
tion of  Schiff's  Bases,  since  it  comprehends  all  condensation  products  of 
primary  aromatic  amines  with  aldehydes  and  ketones  of  every  description. 
Actually  a  considerable  niunber  of  Schiflf's  Bases  have  been  described, 
beginning  with  the  first  mention  of  such  products  by  Laurent  and  Ger- 
hardt,^  who  condensed  aniline  with  benzaldehyde.  But  H.  Schiff'  made 
the  first  real  study  of  the  reaction,  condensing  a  humber  of  amines  and 
aldehydes.    The  reaction  is  indicated  by  the  equation: 

R.CHO  +  2R.NH,  »  R.CH(NHR),  +  H2O. 
These  bases  are  stable,  as  a  'rule  though  a  small  number  are  sensitive 
to  light  and  may  be  decomposed  readily  by  hot  water.  Among  these  are 
compotmds  of  the  meta  series  and  certain  naphthylamine  derivatives. 
The  investigations  of  Schiflf's  Bases  in  the  organic  laboratory  of  the  Uni- 
versity of  North  Carolina  have  dealt  only  with  three  aldehydes,  chloral, 
vanillin  and  piperonal,  but  with  a  wide  variety  of  amines. 

It  has  been  noted  generally  by  observers  that  Schiff's  Bases  are  sensi- 
tive to  adds,  being  resolved  into  their  constituents  by  strong  hydro- 
chloric add.  Their  behavior  toward  basic  reagents  however  has  been 
quite  generally  overlooked.  Wallach'  noted  that  the  condensation 
product  of  aniline  and  chloral  was  slowly  decomposed  by  aqueous  potash 
but  rapidly  by  alcoholic  potash,  giving  aniline,  chloroform  and  phenyl- 
isocyanide.  The  presence  of  the  two  latter  substances  indicate  that  the 
decomposition  takes  place  in  3  stages.  This  uninteresting  behavior  with 
alcoholic  potash  undoubtedly  caused  later  investigators  of  SchifTs  Bases 
to  pass  by  this  reaction.  One  of  us*  observed  that  the  condensation 
product  of  chloral  and  /7-nitraniline  was  changed  immediatdy  by  alco- 
holic potash  from  a  yellow  substance  to  a  brilliant  red  one.    Upon  puri- 

'  CompL  rend.,  30,  404  (1850). 

» Ann.  Chem.  Pharm,,  131,  118  (1864). 

»i4««.,  173,  278  (1874). 

*  Wheeler  and  Glenn,  /.  EUsha  MUcluU  Sd.  Soc.,  19,  63  (1903)- 
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fying  the  product,  however,  a  yellow  compound  was  obtained  in  which 
one  chlorine  atom  was  replaced  by  the  hydroxyl  group 
CC1,CH(NHN0,C«H4),  +  KOH  -  CCU0H.CH(NHN0«C«H4)«  +  KCl. 
The  red  compound  appeared  to  be  an  intermediate  product  for  it  disap- 
peared when  the  reaction  mixture  was  poured  into  water.  It  was  then 
found  that  sodium  methylate  reacted  similarly,  replacing  one  chlorine 
atom  by  the  methoxy  group.  In  all  of  the  reactions  with  the  o-  and  p-m- 
traniline  condensation  products  a  brilliant  red  substance  appeared  only 
to  disappear  in  the  presence  of  water.  All  of  the  products  are  of  a  rich 
yellow  color.  We  now  find  that  sodium  ethylate  has  a  similar  action  and 
also  that  the  o-nitraniline  condensation  product  acts  analogously  to  the 
para  compound.  The  method  of  preparation  of  Wheeler  and  Glenn 
has  been  decidedly  improved  by  dissolving  or  suspending  the  amines  in 
acetone  instead  of  alcohol.  The  reaction  is  almost  immediate,  the  quality 
of  the  product  is  much  better  and  the  )deld  is  much  increased. 

Although  the  o-  and  /'-nitraniline  condensation  products  of  chloral 
readily  )rield  these  stable  derivatives,  the  w-nitraniline  product  was 
found  to  be  very  sensitive  to  basic  reagents.  It  is  resolved  at  once  in 
the  cold  into  its  constituents.  The  behavior  then  of  SchiiBf's  Bases  toward 
basic  reagents  depends  upon  the  nature  of  the  substituents  in  the  benzene 
ring  of  the  amine  and  also  upon  whether  it  is  a  meta  compound  or  not. 

]&q»erimental  Part. 
I.  Behavior  of  iVyiV'-iSiiSi^-trichloroethylidene-bis-^^-nitraniline. 
N^  N'-/9,/3i0-Dichloroh7droxyethylidene-bifiH}-nitraniline,  CChOHCH- 
(NHNOtC6H4)s. — The  trichloro  compound  was  prepared  according 
to  the  directions  of  Wheeler  and  Weller.^  Its  reaction  with  alcoholic 
potash  was  tested  by  allowing  a  mixttue  to  stand  36  hotu's.  A  brown 
flocculent  precipitate  of  indefinite  melting  point  settled  out.  Another 
mixture  was  warmed  a  few  moments  and  poured  into  4  voliunes  of  water. 
A  yellow  substance  which  melted  at  142**  after  several  recrystallizations 
was  obtained  but  the  yield  was  only  40%.  The  following  plan  was  finally 
adopted:  Five  g.  of  the  trichloro  compound  was  suspended  in  25  cc. 
of  acetone  and  15  cc.  of  a  10%  alcoholic  potash  solution  was  added.  The 
mixture  became  dark  red  immediately.  It  was  warmed  until  it  began 
to  boil  and  was  at  once  poured  into  5  volumes  of  ice-water.  After  stand- 
ing a  few  hours  to  insure  full  cr3rstallization  the  precipitate  was  filtered 
off.  The  yield  was  4. 4  g.  or  about  91%  of  the  theoretical  amount.  The 
crude  product  melted  at  139-140*^  but  upon  reoystallization  from  alco- 
hol the  melting  point  was  raised  to  143*^. 

Subs.,  0.1583;  AgCl,  0.1 186. 

Calc.  for  Ci4HijOiN4Clj:  CI,  18.37.    Found:  18.52. 
^  This  Journal,  24,  1063  (1903). 
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The  pure  compound  is  brilKant  yellow,  crystalliring  from  alcohol  in 
prisms,  m.  p.  143^.  It  is  soluble  in  about  3b  parts  of  hot  alcoh<d  and  120 
parts  of  cold  alo^ol.  It  is  very  soluble  in  acetone  and  in  chloroform, 
slightly  soluble  in  ligroin  and  insoluble  in  water.  It  turns  red  with  alco- 
holic potash.  Strong  adds  decompose  it.  If  heated  with  cone,  hydro- 
chkMic  add,  it  dissolves,  and  a  predpitate  then  forms  which  again  dis- 
solves. On  potuing  this  solution  into  water,  ^7-nitraniline  crystallizes  out. 
Nf  N'-i3i/99/9-Dichloromethozyethylidene-bis-o-nitraniline»  CCltOCHr 
CH(NHN0tC«H4)j. — ^Two  g.  erf  the  trichloro  compound  was  su^>ended 
in  20  cc.  of  acetone  and  to  this  was  added  10  cc.  of  a  sodium  meth3date 
solution  containing  5  g.  of  sodium  per  60  cc.  of  methyl  alcohol.  The  mix- 
ture became  dark  at  once.  It  was  heated  to  boiling  and  at  once  poured 
into  4  volumes  of  ice  water.  The  yellow  predpitate  weighed  1.75  g. 
or  89%  of  the  theoretical  amount.  The  crude  substance  melted  at  140^ 
but  after  several  recrystallizations  from  alcohcd  the  mdting  point  was' 
raised  to  147  ^ 

Subs.,  0.2874;  AgCl,  0.2049. 

Calc.  for  CHH14O4N4CI,:  a,  17.69.    Found:  1760. 

The  pure  substance  is  bright  yellow,  crystallizing  from  alcohol  in  rec- 
tangular plates,  m.  p.  147  ^.  It  is  soluble  in  about  25  parts  of  boiling  alco- 
hol and  100  parts  of  cold  alcohol.  It  turns  dark  red  with  alcohoUc  pot- 
ash.   With  hot  aqueous  potash  the  red  color  finally  becomes  purple. 

Nf  N'-MfP  -  Dichloroethoxyethylidene-bis-(?-nitraniline,  CCUOCtH*- 
CHCNHNOjCeH^j. — ^The  reaction  of  sodium  ethylate  upon  the  tri- 
chloro compound  was  carried  out  as  with  sodium  methylate.  The  crude 
predpitate  weighed  i  .8  g.  or  88%  of  the  theoretical  amount.  It  melted 
at  132^  but  on  recrystallizing  from  alcohol  the  melting  point  was  raised 

to  135  ""• 

Subt.,  0.2846;  AgCl,  0.3000. 

Calc.  for  CuHuOiNiClt:  CI,  17.13.    Found:  17.38. 

The  pure  substance  is  a  very  briUiant,  yellow  compound,  oystaUizing 
from  alcohol  in  rectangular  plates,  m.  p.  135  *'.  It  is  soluble  in  about  50 
parts  of  boiling  alcohol  and  100  parts  of  ccAd  alcohol.  Its  behavior  is 
analogous  to  that  of  the  methoscy  compound. 

n.  Behavior  of  Ar,Ar'-/9,/3^-Trichloroeth3^ene-bi8-m-nitranili&e« 

No  derivatives  of  the  meta  compound  could  be  obtained  with  alcoholic 
potash,  sodium  methylate  or  sodium  ethylate.  In  no  case  was  a  red  colora- 
tion produced.  The  predpitate  obtained  on  pouring  the  reacticm  mixture 
into  water  consisted  of  m-nitraniline.  The  decomposition  was  immediate 
and  took  place  in  the  cold. 

m.  Behavior  of  N^  iV'-/3y/9,/9-Trichloroethylidene-bis-^nitraniline. 

The  derivatives  of  this  compotmd  with  alcoholic  potash  and  soditun 
methylate  were  described  by  Wheeler  and  Glenn.    Their  method  was 
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improved  by  suspending  the  trichloro  compound  in  acetone,  but  a  little 
longer  heating  was  required  than  with  the  ortho  compound.  The  )rield 
was  increased  to  78%  of  the  theoretical  amount  for  the  hydroxy  deriva- 
tive and  to  87%  for  the  methoxy  compound.  These  compotmds  are  de- 
scribed in  the  Review  of  American  Chemical  Research,  9,  559  (1903)  as 
"Derivatives  of  TrichloroethyUdenedi-f -nitrophenamine.  * '  But  the  nomen- 
clature is  changed  in  this  paper  to  conform  to  the  plan  adopted  in  the 
Decennial  Index  of  Chemical  Abstracts.  The  ethoxy  compound  de- 
scribed below  is  new. 

iV,  N'-MfP  -  Dichlorocthoxyethylidene-bis-p-nitraniline,  CCljOCiH*- 
CHCNHNOjCeH^)!. — Five  g.  of  the  trichloro  compound  was  suspended 
in  75  cc.  of  acetone  and  25  cc.  of  sodium  ethylate  solution  (5  g.  of  sodium 
per  60  cc.  of  ethyl  alcc^l)  was  added.  The  deep  red  mixture  was  heated 
on  the  steam  bath  for  10  minutes  and  then  poured  into  5  volumes  of  ice- 
water.  The  precipitate  weighed  4.5  g.  or  88%  of  the  theoretical  amount. 
It  melted  at  140*^  but  after  purif)dng  by  alcohol  at  147*^. 
Subs.,  0.2149;  AgCl,  0.1491. 
Calc.  for  CuHifOiNtCls:  CI,  17.13.    Found:  17.12. 

The  pure  substance  is  bright  yellow,  crystallizing  from  alcohcd  in  fan- 
shaped  crystals,  m.  p.  147^.  It  gives  a  deep  red  color  with  alcoholic  pot- 
ash and  the  alcoholates.  Heated  with  aqueous  potash  a  green  color  is 
obtained  instead  of  a  purple.  Heated  with  cone,  hydrochloric  add  it 
yields  />-nitraniline  hydrochloride. 

Siunmary. 

1 .  SchifTs  Bases  obtained  by  condensing  o-  and  p-nitraniline  with  chloral 
yield  hydroxy,  methoxy  and  ethoxy  derivatives  with  alcoholic  potash, 
sodium  methylate  and  sodium  ethylate.  In  each  case  one  chlorine  atom 
is  rq>laced. 

2.  The  m-nitraniline-chloral  product  is  so  sensitive  to  these  basic  re- 
agents that  each  of  them  in  the  cold  breaks  rt  up  into  its  constituents. 

3.  The  nitro  group  in  the  benzene  ring  of  the  amine  stabilizes  the  Schiff'S 
base  to  such  an  extent  that  basic  reagents  yield  derivatives,  though  this 
is  not  true  when  it  is  in  the  ^eta  position. 
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mFLUENCB  OF  ASPARTIC  ACID  AITD  ASPARA6IN  UPON  THB 
BNZTMIC  HYDROLYSIS  OF  STARCH. 

By  H.  C.  Shbrman  and  Plorsncb  Walkbr. 

Received  Augoft  29,  1919. 

In  1893  Effront^  stated  that  asparagin  accelerates  the  hydrol3rsis  oi 
starch  by  malt  and  taka-diastase.  A  few  3rears  later^  he  obtained  siniilar 
activation  by  addition  of  certain  proteins  and  of  a  boiled  cold  water 
extract  of  barley.  In  1904  he  reported*  that  asparagin,  aspartic  add, 
hippuric  add,  creatin,  creatinin,  and  the  peptones  increased  the  action  of 
malt  extract,  while  sucdnamide,  the  amines  and  their  salts,  and  add 
amides  generally  act  unfavorably.  This  he  found  for  several  starches 
of  different  origin.  He  also  found,  however,  that  the  more  favorable 
the  conditions  for  production  of  an  optimum  amount  of  sugar,  the  less 
marked  is  the  effect  of  the  amino  adds. 

Pord,^  working  with  malt,  found  asparagin  to  be  without  effect  on  the 
activity  of  the  enzyme.  The  apparent  activation  by  amino  adds  and 
add  salts  obtained  by  other  investigators,  he  ascribes  to  the  neutraliza- 
tion by  these  compounds  of  alkaline  impurities  in  the  starch. 

According  to  Terroine  and  Weill*  saocharification  by  pancreatic  juice 
is  greatly  accderated  by  a-alanine,  glycine,  leudne,  valine,  histidine, 
arginine,  tyrosine,  phenyl-alanine,  aspartic  add,  and  glutamic  add.  The 
activating  power  which  they  fotmd  the  digestion  products  of  protein  to 
possess  is,  they  think,  most  probably  due  to  the  amino-adds  formed. 

More  recently  Rockwood*  has  investigated  the  effects  of  several 
nitrogenous  substances  on  the  hydroly^  of  com  starch  by  saliva  and 
condudes  that  glycine,  tyrosine,  anthranilic  add  and  its  nteta  and  para 
isomers,  aspartic  add,  hippuric  add,  proteins  (serum  albumin  and  gdatin) 
and  amines  of  the  methane  series  increase  saocharification,  whereas 
the  amides  (acetamide,  propionamide  and  urea)  sulfanilic  add,  asparagin, 
sucdnimide  and  sucdnamide  show  no  such  effect.  He  also  found  that 
glycine  and  aspartic  add  activate  pancreatic  extract. 

Because  of  the  lack  of  agreement  among  previous  workers  as  to  whether 
amino  adds  do  or  do  not  activate  amylases,  and  in  view  of  the  fact  that 
past  investigations  have  sddom  covered  more  than  one  enzyme,  a  syste- 
matic study  of  the  influence  of  amino  adds  upon  the  action  of  several 

^  Mon,  set,,  41,  366  (1893). 

*  Campt.  rend.,  xao,  1281  (1895). 

*  Bull,  soc,  chim.,  [3]  31,  1330  (1904);  Mon.  set.,  [4]  z8,  561  (1904);  Compt.  rend. 
Soc.  Biol.,  57,  234  (1904). 

*  /.  soe.  Chem.  Ind.,  23,  414  (1904). 

*  Compt.  rend  Soe.  Biol.,  7a,  542  (191 2). 

*  This  JoxnwAi.,  39,  2745  (1917). 
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amylases,  in  purified  as  well  as  in  their  natural  or  commercial  forms, 
seemed  desirable. 

Bxp6riiii6ntal* 

Apparatus  and  Materials  Used. — Description  of  apparatus,  its  selec- 
tion and  care,  has  been  given  in  previous  papers  from  this  laboratory. 

The  starches  used  were  potato,  wheat,  maize  and  rice  starches  purified 
in  the  laboratory  by  washing  with  cold,  very  dilute  sodium  hydroxide 
and  water  as  described  in  a  previous  paper,  and  Merck's  ''soluble  starch 
according  to  Lintner,"  washed  9  times  with  ordinary  distilled  and  6  times 
with  triply  distilled  water.  100  cc^  of  a  1%  dispersion,  made  neutral 
to  rosolic  add  with  o.oi  N  alkali  or  add,  were  used  for  each  digestion. 

The  enzyme  preparations  employed  were  those  described  in  our  recent 
paper  upon  rate  of  hydrol3rsis  of  starches  of  different  origin.* 

The  water  extract  of  potato  was  obtained  by  letting  one  grated  potato 
of  medium  size  stand  overnight  in  150  cc.  of  purified  distilled  water. 
This  was  filtered  and  the  filtrate  boiled.  Its  addity  was  carefully  de- 
termined, rosolic  add  being  used  as  indicator.  Well  purified  specimens 
of  aspartic  add  and  asparagin  were  used.  The  exact  amount  needed 
for  each  experiment  was  weighed  out  and  dissolved  in  the  least  possible 
volume  of  triply  distilled  water  plus  the  amount  of  alkali  necessary  for 
neutralization. 

Method. — ^The  procedure  has  been  fully  described  in  previous  papers. 
When  water-washed  or  alkali-washed  starch  was  used  as  substrate,  the 
amount  of  reducing  sugar  was  determined  by  Fehling's  voliunetric  method.* 
With  Lintner's  "soluble"  starch  the  gravimetric  method*  which  has  been 
used  in  this  laboratory  since  1910  was  usually  emplo}^.  The  potato 
extract  and  the  aspartic  add  and  asparagin  solutions  were  added  to  the 
starch  dispersions  in  the  cylinders  after  cooling  and  before  adjusting  to 
final  volume. 

Experiments  with  Potato  Extract. 

In  recent  experiments*  on  the  action  of  enz3rmes  upon  starches  of  different 
origin,  we  found  that,  when  similarly  purified  by  washing  with  cold,  very 
dilute  alkali  or  with  such  alkali  and  then  with  ether  (in  dther  case  fol- 
lowed by  very  thorough  washing  with  pure  water)  all  the  starches  tested 
were  of  practically  equal  digestibility.  This  was  true  whether  the  digestive 
agent  employed  were  saliva,  pancreatin,  malt  extract,  taka-diastase,  or  a 
laboratory  preparation  of  purified  amylase  of  pancreas,  malt  or  Asper- 
gillus aryzae,  except  that  in  experiments  in  which  purified  pancreatic 
amylase  acted  upon  purified  potato  starch  the  results  obtained  were 
abnormally  low.  In  this  particular  case  it  appeared  that  the  rigorous 
'^purification*'  of  both  stardi  and  enzyme  had  in  some  way  diminished 

^  Sherman,  Walker  and  Caldwell,  Tms  Journal,  41,  1123  (1919). 
*  ^ennan,  Kendall  and  Clark,  Ibid.,  33, 1083  (1910). 
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the  facility  of  interaction  between  them.    Addition  of  a  small  amomit  of 

boiled,  carefully  neutralized,  water  eirtract  of  potato  to  the  digestion 

mixture  resulted  in  hydrolysis  at  a  fully  normal  rate. 

When  such  potato  extract  was  added  to  the  purified  starch  substrates 

which  had  shown  normal  digestibility,  the  rate  of  hydrolysis  appeared 

to  be  increased  slightly,  not  only  in  the  case  of  purified  pancreatic  amylase, 

but  also  of  commerdal  pancreatin  and  saUva.    Upon  the  action  of  purified 

amylases  of  malt  and  Aspergillus  oryzae,  however,  potato  extract  had 

much  less,  if  any,  effect.    In  all  cases  it  appeared  that,  in  the  presence 

of  a  small  amount  of  the  water-soluble  substances  of  the  potato,  potato 

starch  was  digested  quite  as  readily  as  that  of  either  wheat,  maize  or 

rice. 

Tablb  I. 

EfiFcct  of  I  cc.  Potato  Extract  upon  Enzymic  Hydrolysis  of  Starch. 

Per  cent,  of  starch  hydrolysed  in  30  mln.  by 

Purified 
pancreatic 

amylase  (No.  62).      Pancreatin.  Saliva. 


Without  With     Without      With     Without       With 

potato  potato    potato      potato      potato      potato 

Description  of  starch.  extract,  extract    extract,    extract,    extract,     eitract. 

Wheat  starch  (alkali  washed) 42 .2      36 .0      38 .8      40 .2      44 .3 

Maize  starch  (alkali  washed) 37 .5  42 .0 

Rice  starch  (alkali  washed) 37 .0  40 .5 

Potato  starch  (alkali  washed) 25 .5  47 .7 

Potato  starch  (water  washed) 38 .4  47 .3      37 .3      40 . 

Potato  starch  (Lintner  "soluble").  •  •     39 .2  45  .0 


40.6  45.8 
41.5  46.3 
43  5       49 .6 


TablB  n. 
Effect  of  I  cc.  Potato  Extract  upon  Enzymic  Hydrolysis  of  Starch. 
Par  cent,  of  starch  hydroIyMd  in  30  mln  by  • 


Purified  malt  Aspergitlns 

amylase  (No.  155).  amylase  (prep.  22). 


Without  With  Without  With 

potato  potato  '     potato  potato 

Dascription  of  starch.  extract.  extract.  extract.  extract. 

Wheat  starch  (alkali  washed) .    38.4  39.1  38.6  40.1 

Potato  starch  (water  washed) .    41.0  40.8  399  41.1  ' 

Since  the  activating  material  in  the  potato. extract  was  water-solubje 
and  heat-stable  and  the  optimum  amoimts,oi  chloride  aiicl  .pho$ph9,te 
were  added  to  the  starch  substrate  in  all. cases  whether  potaJ:p  extract 
was  to  be  add^d  or  not,  attention  is  naturafly^dicected  to  the.aj[)^o,a^c^ 
and  add  amides  as  possibly  responsible  for  th^eeffect  of  ^the  potato  .^- 

tract.  .      ,  ......! 

Experiments  with  Aspartic  Acid  and  Asparagii^. 

The  results  of  experiments  on  the .  influenqe  of  aspart^Q  acid*,  cpfefupy 
neutralised  with  sodium  hydroxide,  upon  the  rate  of  hydrolysis  of  different 
starches  by  difiFerent  ^nzymts  are  shown  in  Tables  .III-V...  The  methods 
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emplo3^  were  those  described  in  our  previous  paper  mentioned  above, 
and,  as  in  that  case,  only  the  data  of  experiments  in  the  same  table  and 
by  the  same  digestive  agent  are  directly  comparable  with  each  other. 

Tablb  III. 

Hffect  of  Various  Amounts  of  Aspartic  Acid  (Neutralized  by  Sodium  Hydroxide) 

upon  the  Hydrolysis  of  Starch  by  Purified  Pancreatic  Amylase. 

Aspartic  add 
added  (weight 

before  neutral-         Starch  digetted 
ization).  in  30  nun. 

Description  of  starch.  Mg.  %. 

Water- washed  iK)tato  starch None  38 .8     . 

50  45.2 

100  44.2 

Lintner  soluble  starch None  39 .  i 

30  41 .5 

50  44.9 

100  43.3 

Table  IV. 
Effect  of  Neutralized  Aspartic  Add  upon  the  Hydrolysis  of  Starches  by  Saliva,  Pan- 
creatin  and  Purified  Pancreatic  Amylase. 

Per  cent,  of  starch  hydrolyzed  in  30  min  by 

Pancreatic 
Saliva.  Pancreatin.  amylase  prep.  62. 

Without      With      Without        With       Without       With 
Description  of  starch.  aspar-       aspar-        as  par-        aspar-        aspar-         aspar* 

Alkali  washed.  tate.  tate.  tate.  tate.  tate.  tate. 

Wheat  starch 41 . i  47 .4  40. i  44 .6  36 .5  40 .3 

Maize  starch 40.7  48.0  40.5  44.8  36.7  43.2 

Rice  starch 41.6  49.8  41. i  43.8  37.4  40.3 

Potato  starch 41.2  47.9  25.7  43.6 

Tablb  V. 
Effect  of  Neutralized  Aspartic  Add  upon  the  Hydrolysis  of  Starches  by  Malt  Extract, 
Tsika-Diastase  and  the  Amylase  Preparations  Obtained  from  them. 
Per  cent,  of  starch  hydrolysed  in  30  min.  by 

AspergiUns 
Malt  amylase  amylase 

Malt  extract.  (prep.  155).  Taka-diastase.  (prep.  22). 

With-  With-  With-  With- 

.   .    .   Description                  out  With  out '  With        out  With  out  With 

of  st^ch.                   aspar-  aspar-  aspar-  aspar-  aspar-  aspar-  aspar-  aspar- 

AficMi  waabed.                   tat«.  Ute.  tate.  Ute.         tate.  Ute.  Ute.  Ute. 

Wheat  stardh. . .     54-7       545      402       453      50.o      51.0      42.4      42.8 

,         Maize  starch....     53.8      53-3      418      47  5       5i  o      51.7      40.7      40-5 

^ '' Rice  starch 54.7      55.  i      420      44.6      53.0      53.8      41.  i      40.9 

Tables. VI  and  VII  show  the  influence  of  aspartic  acid  and  asparagm 
upon  the  hydrolysis  of  Lintner  soluble  starch  by  the  various  amyla^Bi. 
Xtie  f^unount  of  reducing  sugar  formed  was  determined  gravimetric^y 
aod^  for  convenience  of  comparison  with  the  results  of  previous  workers, 
is  indicated  in  the  tables  by  the  number  of  mg.  of  cuprous  oxide  found 
«^fter  porrection  by  blank  experiments  with  the  starch  £md  reagents. 
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TablS  VI. 

Effect  of  Neutralized  Aspartic  Add  and  Asparagin  upon  Hydrolirsis  of  lintner  Soluble 

Starch  by  Saliva,  Pancreatin  and  Purified  Pancreatic  Amirlase. 

Mg  cuprous  oxide. 


Pancreatic 

Atputic  add,  Mg. 

Aspwagin,  Mg. 

Saliva. 

Pancreatiii. 

amylaae  No.  59. 

None 

None 

342 

322 

277 

50 

None 

371 

340 

306 

100 

None 

381 

336 

305 

None 

50 

380 

341 

306 

None 

100 

391 

343 

312 

50 

50 

384 

342 

305 

25 

25 

379 

341 

310 

Tablb  VII. 

Effect  of  Neutralized  Aspartic  Add  and  Asparagin  upon  Hydrolysis  of  Lintner  Soluble 

Starch  by  Malt  Extract,  Taka- Diastase  and  the  Amylase  Preparations 

Obtained  from  Them. 

Mg.  cttprottt  oxide. 


tic  add.  Mg. 

Asparagin,  Mg. 

Malt 
extract 

Malt 
amylase 
No.  155. 

Taka- 
diastaM. 

AsptrgiUus 
amylase  22. 

None 

None 

191 

209 

291 

258 

50 

None 

196 

212 

291 

260 

100 

None 

.  .  . 

220 

294 

261 

None 

50 

195 

223 

295 

260 

None 

100 

.  .  . 

218 

299 

265 

50 

50 

196 

220 

295 

264 

25 

25 

196 

222 

295 

263 

It  will  be  seen  from  Tables  I  to  VII  that  the  addition  of  a  small  amount 
of  neutralized  aspartic  add  not  only  corrects  the  tendency  to  abnormally 
low  results  in  the  case  above  noted,  but  also  appreciably  increases  the 
rate  of  action  of  saliva,  pancreatin,  purified  pancreatic  amylase  and 
purified  malt  amylase  upon  all  of  the  starches  here  tested.  Under  the 
conditions  of  our  experiments  it  had  no  appreciable  effect  upon  the  action 
of  malt  extract,  taka-diastase  or  the  laboratory  preparation  of  Aspergillus 
amylase. 

Asparagin  behaves  in  like  manner  except  for  what  appears  to  be  a  very 
slight  activation  of  taka-diastase  and  purified  Aspergillus  amylase,  whic^ 
may  be  due  to  some  unrecognized  experimental  error. 

The  above  tables  also  show  that  the  addition  of  both  aspartic  add  and 
asparagin  to  the  same  digestion  mixture  does  not  result  in  greater  activa- 
tion than  one  of  the  compounds  alone  would  produce,  when  used  in 
optimum  concentration. 

A  comparison  of  the  results  obtained  with  potato  extract  on  the  one 
hand,  and  with  aspartic  add  or  asparagin  on  the  other,  brings  out  the 
fact  that  the  former  did  not  activate  malt  amylase,  while  the  pure  sub- 
stances appeared  to  do  so.    A  possible  explanation  of  this  is  that  the 
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direct  cause  of  the  increased  atnylolytic  activity  is  in  all  such  cases  amino 
adds  rather  than  protein.  Potato  extract  in  the  small  quantity  used 
might  furnish  too  little  preformed  amino  add  to  produce  a  distinct  activa- 
tion. The  pancreatic  enzymes  and  saliva  being  proteol3rtic  as  well  as 
amylolytic  could  form  activating  amino  add  from  the  protein  ot  the 
potato  extract,  whik  purified  mjdt  amylase,  being  protease  free,  derived 
no  sudi  benefit. 

As  noted  above,  activating  effects  of  amino  adds  upon  the  digestion 
of  starch  have  been  reported  by  some  previous  experimenters  while  others 
have  hdd  that  such  observations  do  not  indicate  a  true  activation,  but 
only  a  favorable  influence  of  the  added  amino  add  upon  the  hydrogen  ion 
concentration  of  the  digestion  mixture.  In  order  to  test  this  point  the 
hydrogen  ion  concentrations  of  our  digestion  mixtures  with  and  without 
the  added  (neutralized)  aspartic  add  and  asparagin  were  determined 
electrometrically.    Typical  results  are  shown  in  Tables  VTII  and  IX. 

Tabuj  vin. 

Rate  of  Digestion  and  Hydrogen  Ion  Concentration  with  and  without  Neutralized 

Aspartic  Add. 

Pancreatic 
amylase  prep.  62. 

Without  With 

Bspt.  1.  aspartate.  aspartate. 

Starch  hydrolyzed  in  30  min.,  % 35-8  42 .3 

Hydrogen  ion  concentration  as  Pg 6 .63  6 .68 

Bxpt.  2. 

Starch  hydrolyzed  in  30  min.,  % 40 .5  47 .7 

Hydrogen  ion  concentration  as  Pj^ 6 .63  6 .62 

Table  IX. 

Effect  of  Neutralized  Asparagin  on  Hydrogen  Ion  Concentration. 

Solutiofos  activated  as  for  digestion  by  malt  amylase. 

Asparagin  (before  neutralization)  Mg None     50  100  100 

Hydrogen  son  concentration  as  P|r 4.95        4-94        4-95        4  96' 

Solutions  activated  as  for  digestion  by  tmka-diastase. 

Aspan&n  (before  neutralization)  Mg None     50  100  100 

Hydrogen  ion  concentration  as  Pjy 5.31         5-3'         5  39        5  33' 

•  Determined  before  digestion.     Other  determinations  made  at  end  of  digestion. 

In  Bxpt.  I,  Table  VIII,  neutralization  of  aspartic  add  was  governed 
simply  hiy  titration  of  solution  with  rosolic  add  as  indicator.  In  Bxpt. 
2,  guided  by  dectrometric  measui:ements  made  in  Bxpt.  i,  a  little  less 
a&ali.was.nsed  to  Vneutralize"  the  added  aspartic  add.  These  results 
(TaUet.VIII  and  IX)  show  plainly  that,  in  our  experiments  at  least,  the 
acftiimting  effect  of  sodium  aspartate  or  of  asparagin  is  not  attributable 
te  diange  in  the  hydrogen  ion  concentration  ai  the  digestion  mixture. 
..The  accderated  transformation,  of  the  starch  to  reducing  sugar  in  the 
^pfctsence  Af  tiie  sodiunt  aspartate  :or  of  asparagin  is,  therefore,  not  refer- 
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aUe  to  hydrogen  ion  ocHicentration.  Neither  is  it  referable  to  the  sodium 
ion  nor  to  the  mere  concentration  of  electrolyte  since,  in  all  of  the  experi- 
ments with  pancreatic  amylase,  <^timum  ccmcentratiims  of  sodfurn 
chloride  and  sodium  phosphate  were  present. 

While  soditun  aspartate  results  in  higher  activity  of  pancreatic  amylase 
than  can  be  induced  by  sodium  chloride  and  sodium  phojq>hate  akme, 
it  was  also  foimd  by  further  experiments  that  the  aspartate  cannot  re- 
place the  chloride  in  the  activation  of  this  enzyme.  The  percentages 
of  starch  digested  in  30  minutes  by  purified  pancreatic  amylase  in  the 
presence  of  different  combinations  c4  these  3  salts  were  as  follows: 

With  phosphate  and  chloride ; 41  -2% 

With  phosphate,  chloride  and  aspartate 48 .3% 

With  phosphate  and  aspartate  only 25 .8% 

In  this  connection  we  may  recall  the  fact  shown  in  previous  papers 
that  our  purified  pancreatic  amylase  (the  most  active  enzyme  of  which 
we  have  knowledge  when  tested  in  the  presence  of  proper  concentrations 
of  chloride  and  phosphate)  shows  no  activity  in  the  absence  of  added 
electrolytes. 

The  experiments  described  in  the  present  paper  show,  therefore,  a 
rather  specific  effect  of  the  amino  acids  tested  in  that  they  induced  still 
further  activity  in  the  enzyme  already  "fully  activated"  by  the  addition 
of  optimum  amounts  of  chloride  and  phosphate. 

Summary. 

The  action  of  saliva,  pancreatin,  ond  purified  pancreatic  amylase  on 
alkali-washed  potato,  wheat,  maize  and  rice  starches  and  on  Lintner 
**soluble"  starch  was  accelerated  by  the  addition  of  small  amounts  of 
boiled,  neutralized  water  extract  of  potato,  while  the  action  of  the  vege- 
table amylases  tested  was  not  influenced  by  the  addition  of  the  potato 
extract. 

The  addition  of  neutralized  aspartic  acid  or  asparagin  accelerated  the 
action  of  saUva,  pancreatin,  and  ptuified  pancreatic  and  malt  amylases. 
Clear  evidence  of  activation  was  not  obtained  in  the  case  of  malt  extract, 
or  the  preparations  made  from  Aspergillus  oryzae. 

The  addition  of  both  sodium  aspartate  and  asparagin  to  the  same 
digestion  mixture  produces  practically  the  same  activation  as  does  one 
of  these  substances  alone.  *  Thuis  the  activating  effects  of  these  substances 
are  interchangeable  father  than  additive* 

In  what  sense  is  this  activation  specific?  It  was  not  doe,  in  these 
experiments,  to  change  in  hydrogm  ion  coiicentratioti*  not  merdy.  to  a 
more  favorable  concentrati<Mi  of  ehtetmiyte.  .  The  amino  coniponiids 
to  be  tested  were  added  to  a  substrate  whidi  already  contained  tiie 
optimum  concentrations  of  sodium  chloride  and  phosphate,  the  reports 
activaturo  being  thus  additional  tothe  activity  iadnoed  by  chloridft  and' 
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phosphate.  Moreover,  sodium  a^artate  is  not  interchangeable  with 
sodium  chloride  in  the  activation  of  purified  pancreatic  amylase. 

The  wcM-k  is  being  extended  to  a  similar  study  of  the  eflfects  of  other 
amino  adds. 

We  are  greatly  indebted  to  the  Carnegie  Institution  of  Washington 
for  grants  in  aid  of  this  investigation. 

Nlwr  YOMK,  N.  Y 


fCONTUBOnOM  PROM  THS  LaBORAYORIBS  OP  PHARMACBUYICAI.  CHmOSTRY,  UKiySRSttY 

Q»  Wisconsin.] 

REDUCTION    OF    DIHYDROXY-THYMOQUINONE    BY    MEANS 
OF  PALLADIUM-HYDROGEN. 
By  Nsllib  a.  Wakbman. 
Rflotsvcd  S«|>tember  5,  1919.  . 

Th]anoqu]none  and  its  oxidation  and  reduction  products  form  an 
interesting  series  of  compounds  which  have,  from  time  to  time,  received 
considerable  attention  at  the  hands  of  organic  chemists.  The  writer's 
interest  in  these  compounds  was  aroused  by  the  seemingly  important 
role  which  they  appear  to  play  in  the  pigmentation  of  several  species  of 
MonardOy  and  it  has  been  held  no  less  by  the  behavior  of  the  substances 
themselves  than  by  their  biochemical  significance. 

Two  or  three  years  ago,  in  reviewing  the  work  of  Pall^  and  Skita*  upon 
the  hydrogenation  erf  organic  compounds  by  means  oi  palladium  as  a 
catalyst,  it  was  learned  that  one  oi  them'  had  in  this  manner  reduced 
quinone  to  hydroquinone.  The  question  of  the  action  of  thymoquinone 
toward  this  reagent  therefore  naturally  presented  itself,  and  accordingly 
tiie  action  was  tried  in  alcoholic  solution.  Thymoquinone  reduced  very 
fCftdily.  Upon  evaporation  of  the  solvent,  it  yielded  hydrothymoquinone 
wiucb  was  identified  by  its  melting  point,  its  solubility,  and  its  crystalline 
tonn. 

The  reduction  of  thymoquinone  to  hydrothymoquinone  ordinarily 
fn-esents  little  difficulty.  A  more  interesting  reaction  inromised  to  be  the 
reduction  of  dihydroxy-thymoquinone  to  tetrahydroxy-cymene  by  the 
same  reagent. 

ZindK,^  in  1881,  reduced  the  mother  liquors  from  which  dimethyl- 
amino-tfaymoquinone  had  crystallized,  by  the  use  of  sulfurous  add,  thus 
obtaining  a  sohttion  which,  upon  oxidation,  3delded  a  mixture  of  mono- 
and  dihydroxy-thymoquinone.    Zincke  believed  that  the  reduced  liquid 

»  Ber.,  38, 1401,  2414  (1905);  40, 1392, 2201  (1907);  4X,  805,  818,  2272,  2287  (1908); 
43,  1572,  2239,  3930  (1909). 

*Ibid.,  4h  2938  (1908);  43,  1627  (1909);  43>  3393  (1910);  44i  2862  (191 0;  45» 
1948  (1912). 

»  iWJ..  43,  3393  (1910). 

*  Ibid.,  X4»  92  (1881). 
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contained  a  solution  of  both  tri-  and  tetrahydroxy-cymene.  All  at- 
tempts of  the  writer  to  produce  these  polyatomic  phenols  by  the  re- 
duction of  the  corresponding  quinones  had  hitherto  proved  fruitless. 

Following  the  reduction  of  thymoquinone,  a  small  quantity  of  di- 
hydroxy-thymoquinone  was  treated  in  the  same  way.  The  reduction 
took  place  very  readily,  marked  by  the  change  in  color  of  the  sdutioii 
from  red,  or  yellow,  to  water  white.  Before  the  solvent  could  be 
evaporated,  however,  the  color  returned  and  crystals  of  the  original  red 
compound  separated  out.  Bther  was  next  chosen  as  a  solvent.  The 
reduction  took  place  even  more  readily  than  before.  The  same  diflBculty, 
to  a  less  degree,  was  experienced  in  obtaining  the  products  of  reducttoo 
in  a  solid  form,  for  though  tiaky,  white  oystals  of  the  reduced  compound 
were  obtained  upon  evaporation  of  the  solvent,  red  needle-like  crystals 
of  the  original  substance  formed  almost  simultaneously,  the  mass  took  on  a 
pinkish  gray  color,  and  finally  changed  to  red  dih3rdroxy-th3anoquinone 
with  its  characteristic  melting  point  of  226®.  By  evaporating  the  ether 
in  an  atmosphere  of  hydrogen  an  abundance  of  pure  white,  flaky  crystals 
was  obtained.  Upon  removal  from  the  reducing  atmosphere,  however, 
these  became  mixed  with  the  red  needle-like  crystals  before  even  a  melting 
point  could  be  determined.  This  mixture,  upon  standing,  passed  through 
the  process  of  changing,  through  pinld^  gnty,  back  to  red. 

The  red  dihydroxy-th3rmoquinone  was  next  dissolved  in  acetic  acid 
anhydride  and  subjected  to  the  same  reducing  process,  the  object  being 
to  transform  some,  or  all,  of  the  hydroxy  groups  to  acetyl  groups,  thus 
rendering  them  more  stable.  This  reduction  took  place  more  slowly; 
nevertheless,  it  was  completed  in  the  course  of  a  few  hours.  Upon  the 
evaporation  of  the  greater  portion  of  the  solvent,  the  reduced  product 
oystallized  out  in  white,  prismatic  crystals  which  melted  at  180-182^ 
and  exhibited  a  saponification  vahie^  equal  to  that  required  for  4  acetyl 
groups.  The  tetraacetyl  derivative  thus  obtained  is  stable  in  the  air. 
The  )deld*  is  almost  quantitative.  Upon  hydrrfjrsis  of  the  acetyl  deriva- 
tive, practically  all  of  the  dihydroxy-thymoquinone  started  with  can  be 
recovered. 

In  carrying  out  the  above  reduction  another  change,  which  will  be 
further  investigated,  was  noted.  Part  of  the  acetic  acid  anhydride 
appears  to  have  been  reduced  and  an  ester  of  some  sort  to  have  been 
formed.    At  any  rate,  when  a  portion  of  the  freshly  reduced  solution  was 

1  Subs.,  0.504- 
Used  24  cc.  KOH  solution,  factor  o.3<>36  ■»  94.46  cc.  o.i  N  KOH. 
To  neutralize  required  55.3  cc.  o.i  N  HCl. 
To  saponify  required  39.16  cc.  0.1  N  KOH. 
Calc.  for  4  acetyl  groups  38.9  cc.  0.1  N  KOH. 
*  From  0.5  g.  of  dihydroxy-thymoquinone  a  little  more  than  0.8  g.  of  the  tetra- 
acetyl derivative  was  obtained. 
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strongly  diluted  with  cold  water  a  pleasant  fruity  odor,  resembling  some- 
what both  ethyl  and  amyl  acetates,  but  differing  from  either,  was  de- 
veloped. Upon  standing  a  short  time  in  contact  with  water  this  pleasant 
odor  disappeared.  Moreover,  it  could  not  be  obtained  from  the  reduced 
solution  which  had  stood  for  some  time  in  the  air. 

All  of  the  above  reductions  were  carried  out  in  a  simple  reduction  flask, 
prepared  by  turning  up  the  ends  of  an  ordinary  256  cc.  gas  sampling  tube 
with  two  glass  stopcocks.  The  hydrogen  was  generated  from  zinc  and 
hydrochloric  add  and  passed  through  first  an  alkaline  and  then  an  acid 
solution  of  potassium  permanganate.  After  this  it  was  passed  through 
sulfuric  add  and  then  into  the  reduction  flask.  Diuing  the  first  reduc- 
tions a  shaking  machine  was  used  for  shaking  the  flask;  but  the  process 
went  on  so  readily  that  this  was  not  necessary.  At  first,  also,  the 
palladium  chloride  used  was  placed  in  a  little  water  with  a  very  small 
quantity  of  mucilage  of  acada  added  to  hold  the  resulting  palladitun  in 
suspension.  This  also,  was  found  tmnecessary,  even  tmdesirable.  In 
all  of  the  later  work  a  concentrated,  warm,  solution  of  the  substance 
to  be  reduced  was  placed  in  the  reduction  flask.  It  usually  crystallized 
out  upon  cooling.  About  o.i  g.  of  palladiiun  chloride  was  suspended 
in  a  Uttie  of  the  same  solvent  and  added  to  the  solution  in  the  flask. 
Hydrogen  was  now  passed  through  the  flask  until  most  of  the  air  had  been 
replaced,  when  the  exit  tube  was  dosed.  After  this  the  flask  was  shaken 
occasionally  tmtil  the  reduction  was  complete.  In  using  ether  as  a 
solvent,  it  was  found  necessary  to  fill  the  fliask  with  hydrogen  and  dose 
both  stopcocks,  opening  the  inlet  only  to  pass  in  more  hydrogen,  froip 
time  to  time,  as  it  had  been  absorbed,  otherwise  the  pressure  of  the  ethe;r 
was  often  greater  than  that  of  the  hydrogen  and  trouble  resulted. 

For  the  greater  part  of  the  above  work  the  same  charge  of  palladium 
chloride,  0.1  g.  was  used  over  and  over  again  without  any  sign  of  ex- 
haustion of  its  catalytic  property.  The  reduced  solution  was  poured 
out  through  a  filter.  The  palladitun  remaining  in  the  flask,  and  that 
on  the  filter,  was  washed  with  a  small  portion  of  the  pure  solvent,  then, 
repeatedly,  with  alcohol  and  ether.  The  portion  of  palladiiun  upon  the 
filter  was  carefully  returned  to  the  flask  and  another  reduction  was  carried 
out.  In  this  way  a  large  munber  of  reductions  were  made  without  the 
addition  of  fresh  palladitun  chloride,  several  different  substances,  each  in 
two  or  three  different  solvents,  being  reduced.  Whether  or  not  the  change 
of  substances,  and  of  solvents,  had  any  influence  upon  the  presistent 
power  of  the  catalyst  is  not  known.  It  certainly  retained  this  power  to  a 
remarkable  degree,  the  only  evidence  of  the  catalyst  '^wearing  out'* 
noticed  being  the  small  loss  inctured  by  adhesion  to  the  filter. 

MAmsoN,  Wis. 
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NOTE. 
Correction. — The  formula  for  methylguanido-glyoxylic  acid,  given  on 
page  1 1 10  of  the  July,   1919  number  should  read  NHiC(NH)NCH3.- 

COCOOH.  ISIDOR  GREENWAI.D. 


NEW  BOOKS. 
The  Prepaietion  of  Substances  Important  in  Agriculture.  A  Laboratory  Manual  of 
^thetic  Agricultural  Chemistry.  3rd  Edition.  By  Charles  A.  Pstbrs,  Ph.D., 
I^f.  of  Inorganic  and  Soil  Chemistry,  Dept.  of  General  and  Agricultural  Chem- 
istry, Mass.  Agricultural  College.  John  Wiley  and  Sons,  Inc.,  New  York:  Chap- 
man and  Hall,  Ltd.,  London,  1919.     vii  +  81  pp.     13  X  19  cm.    $0.80. 

The  laboratory  course  outlined  in  this  small  volimie  makes  use  of  the 
preparation  of  substances  important  in  agriculttu-e  to  train  the  student 
who  has  already  had  a  one  year  course  in  chemistry  at  high  school,  or  its 
equivalent.  The  table  of  contents  includes:  Superphosphate,  Sulfate  of 
Ammonia,  Potassiiun  Nitrate,  Potash  Salts,  Lead  Nitrate,  Lead  Arsenate, 
Lime-Sulfiu*,  Copper  Sulfate,  Paris  Green,  Bordeaux  Mixture,  Bmulsions. 

Under  each  of  these  headings  the  main  object  of  the  process  is  first 
stated;  the  laboratory  directions  are  then  given;  following  this  are  notes 
on  the  chemical,  commercial,  and  agricultural  aspects  of  the  subject; 
lastly  comes  a  series  of  questions  to  be  answered  by  the  student  in  the 
laboratory  note  book. 

Many  teachers  are  of  the  opinion  that  the  kind  of  laboratory  work 
presented  in  this  book  is  of  the  greatest  value  as  chemical  training.  The 
experiments  are  sustained,  so  that  the  interest  centers  on  one  point  over  a 
considerable  period  of  time.  Incidental  problems  come  up  in  connection 
with  the  major  problem,  so  that  they  have  a  significance  they  would  not 
possess  if  they  were  taken  as  independent  experiments.  There  is  a  dis- 
tinct incentive  to  use  judgment  and  skill  in  manipulation  because  the 
ainount  and  quality  of  the  final  product  are  influenced  thereby.  Professor 
Peters  remarks  in  his  Preface:  **The  method  of  presentation  aims  to 
put  a  few  major  points  before  the  student  and  extend  the  work  on  such 
poiiits  over  so  long  a  time  that  the  student  will  absorb  it.  The  author 
feds  that  when  a  student,  in  his  earlier  years  in  college,  works  interestedly 
for  a  whole  exercise  around  one  thing  he  grasps  something  while  if  a  dozen 
important  points  pass  in  review  during  the  time  he  is  left  in  a  maze  and 
gets  little  but  technical  benefit.  While,  however,  the  student  is  busy  on 
the  one  major  piece  of  work  other  minor  points  may  be  gathered  round 
it  and  readily  absorbed.*' 

A  trip  over  the  northern  peaks  of  the  White  Mountains  from  which  the 
reviewer  has  just  returned,  although  somewhat  remote  from  chemistry, 
offers  a  convenient  analogy.  He  foimd  those  peaks  swarming  with  young 
girls  from  the  various  girls*  camps.    This  was  deUghtful  on  one  of  the  da3rs 
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which  was  sunny,  but  horrible  on  one  of  the  days  which  was  rainy,  when 
74  girb  arrived  at  the  Madison  Hut  (which  has  bunks  for  46).  All  were 
wet  and  cold  and  hungry;  they  had  no  change  of  clothing  and  they  had  to 
deep  in  wet  things,  some  of  them  on  the  floor.  They  were  being  guided 
by  inexperienced  young  women  councillors  who  did  not  know  the  moun- 
tains wdl.  The  prospectuses  all  advertise  the  hike  over  the  northern 
peaks  as  one  of  the  features  of  the  camp  life,  and  the  camp  directors 
therefore  fed  it  is  imperative  to  send  the  children  off  on  the  hike  even  if 
it  is  inadequately  prepared  for. 

Many  topics  in  first  year  text  books  and  manuals  of  chemistry  are 
rushed  into  with  inadequate  preparation  because  the  author  has  not  the 
courage  to  leave  them  out.  There  is  probably  no  writer  of  such  books 
that  has  not  been  guilty  of  this  sort  of  offense.  The  subject  of  colloids  is 
certainly  of  great  importance  in  agricultural  chemistry.  Professor 
Peters  briefly  discusses  colloids  in  the  chapters  on  lead  arsenate,  and 
emulsions.  The  subject  is  as  fascinating  as  the  high  peaks  in  sunny 
weather,  but  if  the  student  expects  to  tmderstand  the  principles  which 
are  very  briefly  stated  in  the  text,  he  is  likely  to  find  himsdf  like  the 
hiker  in  a  dense  and  chilly  fog  on  the  high  ridge,  with  precipices  in  most 
directions  and  the  trail  lost.  This  is  not  said  in  condemnation  but  simply 
in  emphasis  of  the  fact  that  judgment  in  choice  of  topics  and  their  pre- 
sentation is  the  most  important  factor  in  planning  a  course  for  students 
who  are  not  far  advanced.  It  is  probably  true  that  mention  of  colloids 
could  not  have  been  omitted  from  such  a  manual  of  agricultural  sub- 
stances. 

In  conclusion,  the  book  under  review  must  prove  of  great  value  to 
students  of  agricultural  chemistry,  for  it  is  essentially  a  laboratory  course 
in  the  fundamental  principles  of  chemistry,  using  substances  important 
in  agriculture  as  illustrations.  Excellent  judgment  has  been  shown  in 
the  selection  of  material  for  the  experiments  and  topics  for  the  discussions 
and  questions.  Arthur  A.  Blanchard. 

Introduction  k  la  Chimie  G&idrale,  Lois  Pondamentales  de  I'Atomisme  et  de  I'Affinit^ 
Expos^  &  des  Chimistes  Debutants.  By  H.  Copaux.  Gauthier-ViUars  et  Cir., 
Paris,  1919.    208  pp.     18  X  11. 5  cm. 

In  the  preface,  the  author  states  it  as  his  intention  to  reduce  the  number 
of  false  starts  made  by  students  who  depend  upon  oral  instruction  and 
lecture  notes.  The  reviewer,  however,  suspects  that  many  college 
students,  even  after  4  years'  study  of  chemistry,  have  not  mastered  the 
ground  covered  by  the  book.  Two  hundred  small  pages  contain  a  re- 
markably complete  outline  of  the  subjects  foreshadowed  by  the  title, 
induding  53  pages  dealing  with  the  properties  and  theories  of  solutions. 
The  advanced  student  wfll  be  astonished  to  find  experimental  methods, 
data,  diagrams,  and  discussions  for  so  many  generalizations,  all  com- 
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pressed  into  so  small  a  space  without  appearance  of  haste  or  lack  of  clarity. 
Sympathy  is  felt,  nevertheless,  for  "debutants,"  confronted  on  page  5  by 
Am  =  AE/V\  and  so  on.  One  can  only  hope  that  they,  like  most 
"debutantes/*  have  already  been  vouchsafed  at  least  an  informal  view 
of  the  intricacies  among  which  they  must  function.  Lack  of  balance  is 
sometimes,  though  not  often,  sensed,  5  pages,  for  instance,  on  super- 
saturation  of  salts  in  water  solution  and  12  on  the  ionization  theory, 
including  conductivity  and  hydrolysis.  The  difficult  field  of  concentrated 
solutions,  so  profitably  explored  of  late  years  by  Washbmn  and  others, 
is  avoided  except  for  a  discussion  of  solubility.  But  how  much  easier  to 
criticize  than  to  plan  a  book  half  as  meritorious !  One  closes  it  with  pro- 
foimd  respect  for  the  vitality  and  elegance  of  French  instruction  in  chem- 
istry. G.  S.  Forbes. 

Chimica  delle  sostanze  esplosive.  By  Michble  Giua,  Professor  of  General  Chemistry 
in  the  University  of  Sassari.  556  pages,  83  figures  and  7  tables.  Ulrico  Hoepli, 
Milan,  1919.  L.  28. 
The  author  treats  his  subject  in  6  parts,  the  first  dealing  with  the 
historical  development  of  the  knowledge  of  explosives  diuring  the  nine- 
teenth century,  the  principles  of  thermochemistry,  the  gas  laws,  Nemst's 
theory,  explosion  temperatiu*es,  pressiu-es  and,  potential  and  other 
generalities;  the  second  with  definite  explosive  compounds;  third,  ex- 
plosive mixtiu-es;  foiulh,  explosive  gases  and  detonating  gaseous  mixtiuies; 
fifth,  primarily  imstable  substances;  and  sixth,  chemical  and  phjrsical 
tests  of  explosives;  a  classification  which  works  out  admirably  in  bringing 
related  substances  together  and  permitting  of  a  systematic  treatment  of  a 
group.  The  book  is  supplied  with  an  admirable  table  of  contents  and  ex- 
cellent indexes  of  authors  and  subjects.  Of  the  remaining  524  pages 
devoted  to  subject  matter  part  one  occupies  16%  of  the  space,  two  49, 
three  16,  four  i,  five  6  and  part  six  12%.  But  as  the  fulminates,  hydro- 
nitrides  and  diazo  compoimds  treated  of  in  part  five  are  as  truly  explosive 
compoimds  as  any  in  part  two,  there  is  really  5 1  %  of  the  space  devoted  to 
the  primary  explosive  bodies.  Of  the  252  pages  in  part  two  161,  or  64%, 
are  devoted  to  the  nitro  derivatives  of  aromatic  hydrocarbons  and  91, 
or  36%,  to  the  nitro  and  nitric  derivatives  of  the  aliphatic  hydrocarbons. 
Or  noting  with  more  particularity  it  is  observed  that  6%  of  this  space  is 
assigned  to  naphthalene  and  its  derivatives,  10  to  benzene,  12  to  glycerin, 
13  to  phenol,  15  to  cellulose,  and  25%  to  toluene  and  its  derivatives. 
Considering  the  fact  that,  excepting  the  members  of  the  gunpowder  class, 
in  general  all  explosive  mixtiures  derive  their  significant  characteristics 
from  explosive  compounds  with  which  modif )ring  components  are  admixed, 
and  considering  the  further  fact  that  the  nitro  substitution  derivatives 
of  the  aromatic  hydrocarbons,  and  especially  those  from  toluene,  have  in 
recent  years  played  a  most  important  part  as  explosives,  gopd  judgment 
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has  been  exercised  in  the  allotment  of  space  to  the  various  substances 
and  subjects  treated. 

The  method  of  treatment  is  excellent,  being  concise,  simple  and  direct 
while  space  is  conserved  and  use  of  the  information  collected  facilitated 
by  the  presentation  of  the  data  in  numerous  well  designed  tables  and  the 
liberal  use  of  graphs  and  diagrams.  The  writer  has  adhered  more  closely 
to  his  text  than  writers  on  the  chemistry  of  explosives  tisually  do  and  has 
completely  resisted  the  temptation  to  describe  the  applications  and  uses 
of  explosives.  He  has  dwelt  on  the  technology  but  only  as  regards  the 
manufacture  of  explosives  which,  for  explosive  compoimds,  are  strictly 
chemical  operaticms.  Even  in  these  instances  he  has  restricted  his  de- 
scription of  the  parent  substances  in  each  case  to  that  one  which  is  the 
source  of  the  positive  radicals  in  the  product.  As  nitric,  sulfiuic,  and 
mixed  adds,  sodium  nitrate,  alcohol,  acetone,  and  the  other  reagents 
generally  used  in  these  operations  are  already  dealt  with  in  great  detail 
and  in  an  authoritative  manner  by  Ltmge  and  others,  it  is  evidently  un- 
necessary to  repeat  such  descriptions.  However  Giua  does  include  tables 
of  specific  gravities  of  several  of  them  in  the  section  of  his  book  devoted 
to  tests,  and  essential  data  for  them,  such  as  the  most  suitable  strengths 
and  best  proportions  for  nitration  mixtures  and  the  like,  are  given  else- 
where when  important  or  recently  determined.  The  technological  de- 
scriptions are  brief,  covering,  as  a  rule,  only  the  essential  principles. 
One  who  intended  erecting  a  manufacturing  plant  would  find  more  com- 
plete details  of  construction  and  operation  elsewhere,  but  he  would  find 
here  much  suggestive  data  which  is  not  usually  given  in  strictly  techno- 
logical books. 

The  author  has,  in  this  development  of  his  text,  placed  the  emphasis 
on  the  piu-e  chemistry  rather  than  the  applied  chemistry  phase,  and  more 
particularly  on  that  of  physical  chemistry.  Thus  in  approaching  the 
subject  of  nitro-aromatics  he  devotes  a  section  to  the  reactivity  of  the 
nitro-groups  in  aromatic  compounds,  stating  and  discussing  here  the  laws 
of  Laubenheimer  and  of  Koemer,  while,  as  those  acquainted  with  the 
author's  own  researches  might  expect,  eutectic  temperatiures  and  equilib- 
rium curves  are  given  for  many  different  systems. 

The  footnote  references  which  abound  on  nearly  every  page  show  a 
wide  acquaintance  with  the  best  authors  and  they  constitute  a  most 
valuable  bibliography  of  explosives.  The  publications  of  investigators 
in  the  United  States  are  more  generally  cited  than  is  usual  with  European 
authors  and  the  citations  are  quite  up  to  date,  E.  J.  Hoffman's  recent 
report  on  his  excellent  investigation  of  the  nitration  of  toluene,  for  in- 
stance, being  presented  in  considerable  detail. 

The  fulness  of  treatment  of  topics  may  be  illustrated  by  the  nitrogen 
containing  derivatives  of  glycerin  under  which  appear  detailed  accounts 
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of  the  mono-,  di-  and  trinitroglycerin,  tetranitro-isobutyl-,  tetranitrodi- 
and  cbloro-dinitro-glycerin,  in  the  course  of  which  due  consideration  is 
given  to  Hibbert's  study  of  the  tautomerism  of  trinitroglycerin,  and 
Snelling  and  Storm's  determination  of  the  detonation  temperature. 
Among  the  explosive  mixtures  in  part  three  one  is  surprised  to  find  so 
large  a  proportion  of  the  space  devoted  to  dilorate  and  perchlorate 
powders.  It  is  possible  that  Giua  is  one  of  the  not  inconsiderable  number 
of  the  students  of  explosives  who  beKeve  that  the  chlorate  or  perchlorate 
mixtures  may  yet  be  so  controlled  as  to  play  a  useful  part,  a  hope  based 
on  the  knowledge  that  they  are  cheap  sources  of  energy.  Most  of  the 
special  compositions  and  some  of  the  compoimd  substances  which  played 
a  significant  part  in  the  Great  War  are  not  mentioned  but  it  is  surjaising 
that  the  U.  S.  composition  should  be  omitted  from  the  section  on  smoke- 
less powders,  which  section  is  perhaps,  considering  the  amotmt  of  litera- 
ture available  on  the  subject,  the  least  satisfactory  part  of  a  very  satis- 
factory book.  Considering  that  hexanitrodiphenyl  sulfide  was  an  enemy 
product  and  weapon  its  omission  is  also  surprising. 

The  book  is  made  up  in  a  most  attractive  form  with  good  paper,  wide 
margins,  clear  impressions  and  intercalated  titles.  Errors  appear  to  be 
but  few  and  most  of  those  have  been  already  noticed  in  the  appended 
"Errata-Corrige."  In  addition  to  these  we  notice  that  on  page  184 
Koemer  is  spelled  "Korener."  It  is  suggested  also  that  on  page  38  the 
heat  of  explosion  of  one  kg.  of  nitroglycerin  should  be  stated  as  1570.5 
cal.  instead  of  1781  cal.  as  at  present.  These  are  of  inconsequence  in 
view  of  the  marked  excellence  of  the  work  and  the  spirit  of  approach 
of  the  author  voiced  in  his  opening  paragraph  on  the  Historical  Develop- 
ment during  the  Nineteenth  Century  in  the  following  phrase:  La  sciema 
degli  esplosivi  fu  fandata  da  Berthelot  di  immartale  memoria, 

Charlk  E.  Munrob. 
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The  last  regular  report  of  this  committee,  apart  from  an  amiual  recom- 
mendation to  continue  the  use  of  the  table  of  atomic  weights  then  pre- 
sented, was  published  in  1916.  The  interruption  in  the  series  of  reports 
was,  of  course,  due  to  the  world  war,  which  created  difiBiculties  of  a  serious 
kind  among  aU  international  organizations.  Codperation  with  Germany 
became  impossible,  partly  because  of  the  difiBiculty  of  correspondence, 
and  partly  because  of  the  personal  hostilities  created  by  the  conduct  of 
the  war.  There  was  also  an  inevitable  slackening  of  scientific  activities, 
and  this  was  well  shown  by  the  unusually  small  number  of  new  researches 
in  the  field  of  atomic  weights.  Now  that  peace  is  in  sight,  it  seems  wise 
to  resume  the  preparation  of  these  reports,  even  though  they  may  not 
be  for  some  time  quite  so  truly  international  as  heretofore.  The  de- 
terminations published  since  the  preparation  of  our  last  report  may  now 
be  summarized  as  follows: 

Hydrogen. — ^A  very  thorough  investigation  by  Burt  and  Bdgar^  on 
the  vdumetric  composition  of  water  has  given  tihe  volume  ratio  of  hy- 
drogen to  oxygen  as  2.00288  :  i.  From  this  value,  taking  the  normal 
liter  weights  of  oxygen  and  hydrogen  as  i  .42900  and  0.089873  g.,  respec- 

*  Phil,  Trans,,  2x6X9  393  (1916).    This  research  was  noted  in  the  previous  report 
for  191 7.    Its  review  by  Guye  renders  its  repetition  desirable  here. 
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tivdy,  the  atomic  weight  of  hydrogen  becomes  i  .00772,  or,  rounded  off, 
1 .0077.  Guye,^  from  a  discussion  of  Burt  and  Bdgar's  data,  accepts  this 
value  as  lying  between  tha  two  extremes  of  1.00767  and  1.00773.  K, 
however,  instead  of  trusting  to  the  densities  of  the  gases  and  their  physical 
constants  exclusively,  we  take  into  accotmt  the  admirable  researches  of 
Morley,  Noyes,  and  others,  upon  the  synthesis  and  anal)rsis  of  water,*  the 
most  probable  general  mean  for  the  atomic  weight  of  hydrogen  becomes 
1 .  0078,  which  differs  from  the  voliunetric  value  by  only  i/ioooo.  That  is, 
thd  two  distinct  Hues  of  attaick  upon  the  prdAem  agree  within  the  lindts 
of  actual  uncertainty.  For  ordinary  purposes  the  approximate  value 
1 .008  is  dose  enough.  It  must  be  remembered  that  the  tables  prepared 
by  this  committee  are  for  the  use,  not  so  mu^h  for  specialists,  as  for  work- 
ing chemists  in  general;  and  too  much  refinement  will  only  lead  to  con- 
fusion. No  determinations  of  these  or  any  other  constants  can  be  abso- 
•  lute  and  final.  All  are  wbject  to  errors  which  may  be  reduced  nearly, 
but  not  quite,  to  insignificance,  but  never  diminated  entirdy.  For  ex- 
ample, in  the  determination  of  atomic  wdghts  from  gaseous  densities 
it  is  not  possible  to  guarantee  the  absolute  purity  of  the  gases,  or  to  avoid 
errors  in  weighing,  in  reductions  to  a  vacuum,  or  in  the  values  given  to 
the  physical  constants  that  are  used  in  the  final  computations.  Some  of 
theae  errors  may  be  so  small  as  to  be  negMgifaie,  and  in  the  aggr^pate  th^ 
may  tend  dther  to  reinforce  or  to  compensate  oae  another,  but  their  ex- 
treme magnitude  can  be  estimated  with  some  approach  to  accuracy,  and 
expressed  by  means  of  the  usual  ^^  sign.  At  present  an  accuracy  to  within 
i/ioooo  is  the  best  we  can  expect  to  obtain.' 

Carbon. — ^Two  investigations  on  the  atomic  wdght  of  carbon  were  re- 
ported from  tte  Geneva  laboratory  in  1918.  First,  Stahrfoss^  determined 
the  density  of  acetylene,  ethane,  and  ethylene.  Acetylene  proved  to 
be  unsatisfactory,  because  of  its  tendency  to  polymerize.  From  ethane 
he  obtained  the  value  C  =  12.006,  and  irom  ethylene  C  =  12,004.  On 
account  of  some  uncertainties  in  the  reduction,  he  prefers*  provisionally, 
the  value  C  =  12.00. 

Secondly,  Batuecas^  detennined  the  density  of  ethane,  and  reduced 
his  observations  by  3  methods,  giving  C  =  12.005,  11.999,  and  11.996. 
The  last  two  being  concordant  he  regards  as  preferable,  and  their  mean, 
C  =  1 1 .  99S,  he  adopts.  It  will  be  remembered  that  Ridiards  and  Hoover, 
by  purdy  chemical  methods,  found  C  =  12 .0055  and  a  later  combination 
1  /.  dhim.  phys.,  15,  208  (1917}. 

*  Computation  by  F.  W.  C. 

'  For  an  elaborate  discussion  of  sources  of  error  in  atomic  weight  determinatioas, 
see  Guye  and  his  colleagues  (M.  Germann,  Moles  and  Rcnard)  in  /.  chm.  phys,,  14, 
25,  195,  204  (1916);  15,  60,  360,  405  <i9i7);  r6»  46  (1918). 

♦  Ibid.,  !<>>  175  (1918). 

•  Ibid,,  16,  322  (1918). 
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of  aM  determmations  published  before  1918  gave  the  chairman  of  the  com- 
mittee the  mean  value  C  =  12.0025.  For  ordinary  ptuposes  the  roimded- 
off  value  C  =  12 .00  may  be  used,  and  is  so  given  in  the  table. 

Bromine. — ^Three  sets  of  determinations  of  the  molecular  weight  of 
hydrogen  bromide  have  been  made  in  Guye's  laboratory  at  Geneva,  by 
Moles,*  Reiman,*  and  Murray.*  The  add  used  was  prepared  by  several 
distinct  methods,  and  all  gave  concordant  results,  which  may  be  summar- 
ized as  follows,  when  H  =  1.0078: 

Mol.  wt.  UBr.  At.  wt.  Br. 

l^les 80.9332  79*9254 

Reiman 80.932  79.9242 

Mtirray 80.930  79.9222 

These  values  are  wonderfully  concordant  and  the  variations  are  far 
within  the  allowable  limits  of  experimental  error.  In  a  recent  combina- 
tion, by  the  chairman  of  this  committee,  of  all  the  available  data  relative 
to  the  atomic  weight  of  bromine,  the  value  found  was  Br  =  79.9228, 
in  complete  harmony  with  the  Geneva  determinations.  For  cwdinary 
purposes  the  rounded-off  figture  79.92  is  enough. 

Boron  and  Fluorine. — In  a  very  original  investigation  Smith  and  Van 
Haagen^  have  simultaneously  redetermined  the  atomic  weights  of  boron 
and  fluorine.  Their  starting  point  was  anhydrous  borax,  NaaB407,  and 
their  chief  diflSculty  was  in  insuring  the  complete  dehydration  of  that 
compound.  The  salt  was  then  converted,  in  a  series  of  successive  experi- 
ments, into  sodixmi  sulfate,  carbonate,  nitrate,  chloride  and  fluoride, 
which  gave  8  independent  values  for  boron  ranging  from  10 .  896  to  10 .  905, 
in  mean,  10.900.  This  value  was  computed  with  Na  =  22.997,  CI  = 
3S-457»  S  =  32.064,  N  =  14.010,  and  C  =  12.005.  The  authors  firially 
discuss  aU  previous  determinations  and  show  wherein  they  were  affected 
by  errors.  The  new  value  10.900  should  be  adopted  as  the  most  proba- 
ble. 

In  this  research  sodimn  fluoride  was  compared  not  only  with  borax 
but  also  with  the  sulfate,  and  the  8  values  found  ranged  from  19.002 
to  19.008,  in  mean  19.005.  The  rounded-off  value  F  =  19.0  may  be 
retained  for  all  practical  purposes. 

Lead. — Oechsner  de  Coninck  and  GA-ard*  have  attempted  to  deter- 
mine the  atomic  weight  of  lead  by  calcination  of  the  nitrate;  and  find 
Pb  »  206.98  when  NjCH  =»  108.  This  determination  is  evidently  of  no 
present  value.    With  this  exception  the  other  recMit  researches  rdative 

»  /.  chim.  phys.,  14,  389  (1916).    See  review  by  Guye  in  the  same  nttmber,  p.  361. 

*Ibid.,  15,  293  (1917)* 

*Ihid.,  15,  334  (1917)-    Reiman  and  Murray  assiflne  H  »  1.008;  Moles  prefers 
1.0076. 

*  Carnegie  Inst.  Pub.,  367  (191 8). 

»  Compi,  rend,,  163,  415  (1916). 
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to  this  constant  have  referred  to  isotopic  lead,  and  the  normal  element  is 
considered  only  in  comparison  with  it.  Richards  and  Wadsworth,^ 
for  instance,  find  for  nonnal  lead  Pb  »  107. 183,  and  Richards  and  Hall* 
give  Fb  »  207.187,  values  slightly  lower  than  the  accepted  207.20  as 
determined  by  Baxter  and  Grover.  Similar  determinations  by  A.  L. 
Davis'  gave  discordant  results.  As  for  isotopic  lead  its  atomic  weight  is  so 
variable  as  to  show  that  it  is  nearly,  if  not  always,  a  mixture  of  isotopes, 
and  not  a  constant  which  can  as  yet  be  placed  in  tiie  table.  The  values 
fotmd  have  very  great  significance,  but  they  are  far  from  final.^ 

Gallium. — By  the  analysis  of  carefully  ptuified  gallitun  chloride,  Rich- 
ards, Craig,  and  Sameshima*  fi^d  Ga  »  70.09  and  70.11.  These  de- 
terminations, however,  are  only  preliminary,  but  they  justify  the  provi- 
sional adoption  of  the  value  70.10.  The  original  values  given  by  the 
determinations  of  Lecoq  de  Boisbaudran  vary  from  69.70  to  70. 12,  the 
last  one  being  very  near  the  new  value. 

Zirconium. — ^From  the  ratio  between  zirconitun  chloride  and  silver, 
Venable  and  Bell*  find  Zr  =  91 .76.  Although  this  determination  is  re- 
garded as  preliminary,  the  authors,  by  pointing  out  sources  of  error  in 
aU  previous  values,  believe  the  new  one  to  be  the  most  probable.  It 
seems  best,  however,  to  await  the  complete  investigation  before  changing 
the  value  heretofore  accepted. 

Tin. — Baxter  and  Starkweather,^  by  electrolyses  of  stannic  chloride, 
find  Sn  =  118.703  when  CI  =  35457.  This  is  in  complete  agreement 
with  Briscoe's  determination,  Sn  =  118.698.  The  value  118.70  has  al- 
ready been  adopted  by  the  committee. 

Tellurium. — Staehler  and  Tesch,*  from  careful  syntheses  of  tellurium 
dioxide,  find  Te  =  127.51,  which  is  confirmatory  of  the  accepted   value 

i*7.5- 

Tttrium. — Hopkins  and  Balke,"  by  conversion  of  Yt^Oi  into  Yt^CU  find 
Yt  »  88.9.  The  ordinary  sulfate  method  is  shown  to  be  inaccurate.  In 
a  later  investigation  Kremers  and  Hopkins^®  determined  the  ratio  between 
yttrium  chloride  and  silver,  and  found  Yt  »  89.33.    Since  this  method 

*  Tras  Journal,  38,  2613  (1916). 
*Ibid.,  S9t  537  (1917). 

*  /.  Phys,  Chem.,  aa,  631  (1918)- 

*  For  discussions  regarding  the  atomic  weight  of  isotopic  lead  see  the  Presidential 
adchess  of  Richards  before  the  American  Assodatioo  for  the  Advancement  of  Science 
in  December,  1918.    Alao  F*  W.  Clarke,  Proc.  Nai,  Acad.  Set.,  4,  z8i  (1918). 

»  Proc.  Nai.  Acad.  Sci.,  4,  387  (1918), 

*  Tras  Journal,  39,  1598  (191 7). 

'  Proc.  Na$.  Acad,  Sci.,  ai  718  (1916). 

*  Z.  anorg.  aUgem.  Chem.,  98,  i  (191 6), 

*  Tras  Journal,  36,  2332  (19x6), 
^^Ibid.,  41,  718  (1919)- 
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is  the  most  trustworthy  the  value  given  by  it  should  be  adopted.    The 
other  sulfate  determinations  are  questionable. 

Samarium. — ^The  atomic  weight  of  samaritun  has  been  determined  by 
Stewart  and  James^  from  the  ratio  between  the  chloride  and  silver.  The 
value  found  is  150.44,  which  is  essentially  that  given  in  the  table.  No 
change  is  needed. 

Dysprosium. — ^Engle  and  Balke,*  by  conversion  of  the  oxide  into  the 
chloride,  fotmd  Dy  =  164.228.  Later,  by  the  same  method,  Kremers, 
Hopkins,  and  Bngle'  found  Dy  =  163.83.  This  discordance,  like  that 
already  shown  for  yttritun,  led  the  last  named  chemists  to  determine  the 
ratio  between  dysprosium  chloride  and  silver,  which  gave  162.52.  The 
earlier  method  is  discredited  and  the  last  value,  rounded  to  162 .5,  seems 
to  be  the  one  best  entitled  to  acceptance. 

Erbium. — ^For  this  element,  by  the  oxide-chloride  method,  Wichers, 
Hopkins,  and  Balke^  obtained  values  ranging  from  £r  ==  168 .  00  to  168 .  84. 
The  method  of  determination  is  thus  again  shown  to  be  imtrustworthy. 

Thorium. — ^In  a  long  series  of  concordant  analyses  of  thorium  bromide, 
Hdnigschmid*  finds  Th  =  232.152  from  the  silver  ratio  and  232.150 
from  the  silver  bromide  ratio  when  Br  =  79.916.  The  value  Th  « 
232 .  15  should  be  adopted  for  general  use.  He  also  studied  thoria  from 
uranitun  ores,  which  contained  ionium.  For  this  mixture  he  obtained 
an  atomic  weight  slightly  in  excess  of  231.50.  This  may  approximate 
to  the  tmknown  atomic  weight  of  ioniiun. 

Uranium. — ^The  latest  series  of  determinations  of  the  atomic  weight 
of  uranitun  by  H5nigschmid  and  Horovitz'  was  based  like  their  efkrlier 
series  upon  analyses  of  the  tetrabromide.  Two  sets  of  anal3rses  were 
made,  one  upon  a  bromide  which  had  been  fused  in  bromine  vapor,  the 
other  in  nitrogen.  The  value  obtained  ranged  from  U  =«  238.04  to 
238.16,  the  latter  being  in  harmony  with  their  former  determinations. 
The  rounded  figure  238 . 2  is  given  in  the  table. 

Helium. — ^Taylor,^  using  the  microbalance  for  determining  the  density 
of  helium,  finds  He  =  4 .  0008.  Guye,  ^  in  a  recalculation  of  the  data,  finds 
He  =  3.998.    The  value  4  should  be  retained. 

Argon. — ^From  the  density  and  compressibility  of  argon,  Leduc'  finds 
A  «  39-91-  He  regards  the  second  decimal  as  tmcertain,  and  advises 
the  adoption  of  the  rounded  value  39 . 9. 

*  This  Journal,  39,  2605  (191 7). 
*Ibid.,  39,  67  (1917). 

« Ibid.,  40,  598  (1918).    . 

*Ibid.,  4O9  1615  (1918).      . 

»  Z.  Elektrochem.,  33,  i8  (1916). 

•  MofuUsh.,  37,  185  (1916). 

'  Phys,  Rev,,  10,  653  (1917)- 

•  /.  chim.  phys.,  16,  46  (1918).  v- 

*  Qmpi.  rend.,  1679  70  (1918). 
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International  Atomic  WmcHTs,  1920. 


Atomic 

Symbol  weight. 

Aluminum Al  27.1 

Antimony Sb  120.2 

Argon A  399 

Arsenic As  74-96 

Barium^ Ba  13737 

Bismuth...  f Bi  208.0 

Boron B  10.9 

Bromine Br  7992 

Cadmium Cd  112.40 

Caesium Cs  132.81 

Calcium Ca  40.07 

Carbon C  12.005 

Cerium Ce  140.25 

Qilorine CI  35-46 

Chromiimi Cr  52.0 

Cobalt Co  58.97 

Columbium Cb  93 .  i 

Copper Cu  63 .  57 

Dysprosium Dy  162 . 5 

Erbium Br  167.7 

Europium Eu  152.0 

Fluorine F  190 

Gadolinium Gd  157 -3 

Gallium Ga  70.1 

Germanium Ge  72.5 

Ghicinum Gl  9.1 

Gol(f Au  197.2 

HcHtun He  4.00 

Holmium Ho  163.5 

Hydrogen H  i  .008 

Indium In  1 14 . 8 

Iodine I  126.92 

Iridium Ir  193.  i 

Iron Fe  5584 

Krypton Kr  82.92 

Lanthanum La  1390 

Lead Pb  207.20 

Lithium Li  6.94 

Lutecium Lu  175.0 

Magnesium Mg  24 .  32 

Manganese Mn  54-93 

Merciuy Hg  200.6 


Atomic 

Symbol-  weight. 

Molybdenum Mo         96.0 

NeodjmMum Nd  1443 

Neon Nc         ao.2 

Nickel Ni  58. 68 

Niton  (radium  enianation)Nt  222 . 4 

Nitrogen N  14.008 

Osmium Os  190.9 

Oxygen O  16.00 

Palladitun Pd  106.7 

Phosphorus P  31-04 

Platinum Pt  i95  2 

Potassitun K  39- 10 

Praseodymium Pr  140.9 

Radium Ra  226.0 

Rhodium Rh  102.9 

Rubiditun Rb         85 .  45 

Rutheniimi Ru  101.7 

Samarium Sa  150.4 

Scandium Sc  44.1 

Selenium Se  79.2 

Silic(m Si  28.3 

Silver Ag  107.88 

Sodium Na         23.00 

Strontium Sr  87. 63 

Sulfur S  32 .06 

Tantalum Ta  181 .5 

Tellurium Tc  127.5 

Terbium Tb  159.2 

Thallium Tl  204.0 

Thorium Th  232.15 

Thuliiun Tm  168.5 

Tin Sa  118. 7 

Titanium Ti  48.  i 

Tungsten W  184.0 

Uranium U  238.2 

Vanadium V  51.0 

Xenon Xe  130.2 

Ytterbium(Neoyttcrbium)Yb  173 . 5 

Yttrium. Yt         89.33 

Zinc Zn         65-37 

Zirconium Zr  90.6 


In  the  above  table  of  atomic  weights  proposed  for  1920,  few  changes 
have  been  made  from  the  values  given  in  the  last  preceding  table.  The 
new  values  are  A  =  39.9:6  =  io.9;Ga  =  70.i;Th  =  232. 15;  and  Yt  = 
89.33.  In  addition  to  these  the  atomic  weight  of  nitrogen  should  be 
changed  from  14.01  to  the  more  precise  value  14.008.    The  latter  figure 
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represents  all  the  best  determinations,  and  is  probably  correct  to  within 
I  in  the  third  decimal  place.  For  so  small  a  value  the  change  is  insig- 
nificant. 

Signed,  •  F.  W.  Clarke, 

T.  E.  Thorpe, 
G.  Urbain. 


[contribtmon  ntom  the  electrochemical  laboratories  of  the  universrfy  of 

Mamchbstbr.] 

THE  OCCLUSION  OF  HYDROGEN  AND  OXYGEN  BY  METAL 

ELECTRODES. 

Criticism  of  the  Paper  by  Harding  and  Smith.^ 

By  Edgar  Nbwbsry. 

Received  May  26,  1919. 

The  very  careful  work  and  ingenious  apparatus  of  Harding  and  Smith 
call  for  some  remarks  of  appreciation;  and  at  the  same  time  the  theory 
of  ooaducting  hydrogen  as  developed  by  them  appears  to  be  open  to 
doubt.  The  following  comments  are  not  offered  in  any  spirit  of  carpung 
criticism,  but  rather  with  the  thought  of  friendly  collaboration  and  inter- 
change of  views,  and  the  object  of  reaching  the  real  truth  underijnng 
some  very  interesting  phenomena. 

When  a  current  is  first  passed  through  an  electndytic  cell  containing  a 
palladium  cathode  in  dilute  add,  hydrogen  ions  are  discharged  upon  the 
cathode  surface  and  the  monatomic  hydrogen  thus  formed  is  at  once  ab- 
sorbed by  the  metal,  being  kept  in  the  monatomic  form  by  the  dissociating 
action  of  the  solvent  metal.  This  hydrogen  will  gradually  diffuse  to 
the  interior  of  the  metal,  and,  since  the  solution  has  a  lower  conductivity 
than  the  pure  metal,  the  electric  resistance  of  the  metal  will  rise. 

After  a  comparatively  short  time  the  external  layers  of  metal  will  be- 
come saturated  with  hydrogen  and  the  single  potential  of  the  metal  solid 
solution  will  be  that  of  a  hydrogen  electrode.  Hydrogen  ions,  on  dis- 
diarging,  will  now  no  longer  disappear  into  the  metal  but  will  tend  more 
and  more  to  stick  on  the  outer  surface,  being  held  there  by  electrostatic 
forces,  thus  insulating  the  outlying  parts  of  the  electrode.  New  ions 
must  therefore  penetrate  farther  and  farther  into  the  surface  before^they 
can  discharge.  These  ions  are  again  followed  by  others  which  arrive 
faster  than  the  discharged  ions  can  collect  together  to  form  molecules, 
and  consequently  "blocks"  will  occur  in  the  large  crevices  (large  compared 
with  an  ion)  in  the  metal  surface.  Since  these  latest  arrivals  carry  elec- 
tric charges  opposite  in  sign  to  the  charge  on  the  electrode  and  are  separated 
frwn  the  electrode  only  by  the  diameters  of  two  or  three  atoms  or  mole- 
cules, inconceivably  great  pressures  are  set  up  which  may  easily  attain  a 
>  Tms  JouRNAi.,  40,  1508  (1918). 
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magnitude  of  lo'®  atmospheres  dose  to  the  outer  surface.  These  pressures 
are  logarithmically  proportional  to  the  potential  differences  between  the 
two  attracting  surfaces  and  will  therefore  be  greatest  near  the  solid-liquid 
boundary;  but  since  the  gas  diffuses  slowly  to  the  interior  of  the  metal 
increasing  the  resistance  dl  the  way,  there  will  be  a  small  fall  of  potential 
from  the  stuiace  to  the  inner  core  of  the  palladium  and  consequently  a 
gradually  decreasing  presstu-e  extending  an  appreciable  distance  into  the 
metal.  The  effects  produced  will  therefore  be  more  noticeable  in  fine  wires 
or  thin  sheets  than  in  thicker  ones. 

When  very  low  current  densities  are  employed,  the  above  description 
will  hold  good.  With  higher  current  densities,  however,  a  new  set  of 
phenomena  appears.  The  pressures  now  become  so  great  that  the 
hydrogen  is  forced  into  actual  combination  with  the  metal,  producing 
hydrides.  These  hydrides  conduct  like  a  metal  and  ionize  like  a  metal, 
and  their  high  solution  pressures  give  rise  to  the  excess  back  e.  m.  f. 
known  as  overvoltage. 

When  the  current  is  interrupted,  the  external  pressure  is  at  once  re- 
leased. Immediately,  therefore,  the  excess  gas  dissolved  in  the  metal 
will  tend  to  come  out  of  solution,  expanding  the  metal  and  making  it 
spongy,  thus  increasing  its  resistance  rapidly  at  first  and  more  slowly 
afterwards.  At  the  same  time,  the  hydrides  formed,  which  are  only 
stable  under  high  pressures,  decompose  and  intensify  the  above  effect. 
The  consequence  of  this  liberation  of  gas  from  within  the  metal  wiU  be 
that  a  series  of  small  craters  will  be  blown  in  the  surface  of  the  metal  and 
these  craters  are  easily  visible  under  the  microscope  not  only  in  the  case 
of  palladium,  but  with  every  metal  so  far  experimented  with. 

Since  there  is  good  evidence,  from  overvoltage  work,  that  the  hydrides 
are  good  metallic  conductors,  it  is  probable  that  the  disappearance  of 
these  will  further  increase  the  resistance  of  the  metal,  as  the  whole  would 
conduct  better  when  the  pores  are  filled  with  conducting  fa3rdride  under 
pressure  than  when  filled  with  gas. 

When  a  considerable  quantity  of  gas  has  escaped,  the  internal  strains 
in  the  metal  will  be  released  and  the  metal  will  gradually  recover  its  original 
texture,  the  walls  of  the  cavities  filled  with  gas  will  fall  together  as  the  gas 
escapes,  and  the  resistance  of  the  metal  will  again  fall.  On  heating  and 
annealing,  the  metal  will  return  completely  to  its  original  condition,  pro- 
vided the  evolution  of  gas  has  not  been  so  violent  as  to  distort  the  surface 
permanently. 

Changes  of  Length. 

If  the  cathode  is  a  palladitmi  wire,  changes  of  length  occur  (i)  due  to 
solution  of  hydrogen  in  the  metal;  (2)  due  to  formation  of  hydride.  Since 
.the  application  and  release  of  pressture  occurs  laterally  and  chiefly  in  the 
outer  layers  of  the  wire,  the  central  core  may  be  but  slightiy^affected  and 
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will  tend  to  hold  the  outer  layers  in  position,  thus  masking  the  effect  ex- 
cept with  very  fine  wires.  The  change  of  length  is  therefore  not  a  satis- 
foctofy  guide  to  change  of  volume  except  in  special  circumstances.  It 
might  be  expected  that  the  formation  of  a  solid  hydride  would  have  a 
greater  expanding  effect  than  the  absorption  of  gas,  and  this  is  supported 
by  the  experimental  evidence  of  Thoma  and  Fischer.^  Since  the  quan- 
tity of  hydride  formed  is  dependent  upon  the  current  density,  a  ddfinite 
length  should  correspond  with  each  cturent  density  when  equiUbrium 
has  been  attained.  Further,  since  the  replacement  of  gaseous  hydrogen 
by  s(did  hydride  diminishes  the  resistance  of  the  metal,  there  should  be 
an  inverse  relationship  between  resistance  and  length  under  these  equi- 
librium conditions.  This  has  been  well  established  experimentally,  as 
described  in  the  paper  under  discussion. 

Finally,  the  typical  experiment  curve,'  Fig.  2,  may  be  described  as 
fdUows: 

A  to  B, — ^Absorption  of  hydrogen  with  production  of  solid  solution 
having  higher  resistance  than  pure  metal.    Metal  becomes  spongy. 

B  to  C. — ^Formation  of  hydride  which  fills  some  of  the  cavities  originally 
occupied  by  gas,  thus  reducing  resistance. 

C  to  D. — ^Release  of  external  pressure  resulting  in  spontaneous  decom- 
position of  hydride,  and  escape  of  gas  internally,  rendering  metal  still 
more  spongy,  and  therefore  of  still  higher  resistance. 

D  to  E. — Escape  of  gas  externally,  due  to  bursting  of  surface.  Walls 
of  cavities  fall  together  and  reduce  resistance. 

E  to  F, — ^First  application  of  external  pressure  produces  still  doser 
conjtmction  of  walls  of  cavities  and  rapid  fall  of  resistance. 

F  to  G, — Reabsorption  of  gas.  Since  passages  have  now  been  fonned  in 
the  metal,  this  occurs  much  more  rapidly  and  completely  than  in  the  first 
instance. 

G  to  /. — ^Renewed  formation  of  hydride.  This  will  s|lso  occur  more 
rapidly  than  before  due  to  the  existence  of  ready-made  passages  into  the 
interior  ci  the  metal. 

/  to  J. — ^Rapid  expansion  of  cavities  due  to  release  of  external  pressure. 
More  rapid  than  previously  owing  to  weakening  of  external  cohesive 
forces  by  the  treatment  undergone. 

J  to  K. — Complete  removal  of  gases  and  collapse  of  cavities. 

The  quantity  of  hydride  produced  appears  to  be  dependent  upon  the 
current  density  though  it  is  not  proportional  to  the  current  density. 
Hence,  for  a  given  current  density,  the  equilibrium  stage  attained  will 
be  approximately  the  same  whatever  the  previous  treatment. 

^  M.  Thoma,  Z.  physik.  Chem.,  3,  69  (1889);  F.  Fischer,  Drude's  Ann.^  ao,  503 
(1906). 

*  Loc,  cU.,  p.  1513- 
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Briefly,  my  doubts  of  the  '^conducting  hydrogen**  theory  are  based  upon 
a  quantitative  view  of  the  effects  produced.  It  appears  certain  that  up 
to  saturation  point  the  hydrogen  dissolved  in  palladium  is  very  lai^y 
composed  of  atomic  hydrogen,  probably  over  80%.  This  atomic  hydro- 
gen is  responsible  for  the  single  potential  of  the  hydrogen  dectrode,  and 
if  a  metal  is  incapable  of  dissociating  hydrogen  in  this  way,  it  cannot  be 
used  in  the  construction  of  a  hydrogen  electrode.  The  addition  of  more 
hydrogen  (supersaturation),  one  would  expect  would  tend  to  diminish 
the  total  percentage  of  atomic  hydrogen  by  bringing  the  atoms  into  closer 
proximity,  just  as  a  concentrated  salt  solution  is  less  d^sociated  than  a 
dilute. 

The  fact  that  up  to  saturation  point  the  resistance  of  palladium  is 
greatly  increased  by  the  inclusion  of  hydrogen  (most  of  which  is  in  the 
atomic  state),  renders  it  improbable  that  the  addition  of  further  hydrogen 
in  the  atomic  state  will  decrease  this  resistance. 

The  action  of  the  added  hydrogen  would  not  alter  the  single  potential 
of  the  electrode.  But  experiment  shows  that  under  certain  conditions 
the  single  potential  of  the  palladium  electrode  takes  a  sudden  leap  to  a 
much  higher  value,  nearly  0.7  volt  above  the  h3rdrogen  electrode,  and 
this  same  value  is  also  shown  under  similar  drcumstanoes  by  nearly 
every  metal  capable  of  acting  as  a  divalent  metal  in  compound  formation. 
This  evidence,  together  with  other  which  could  be  cited  if  necessary,  is 
almost  overwhelming  in  support  of  the  view  that  a  definite  hydride  is  now 
formed  in  the  metal.  .  It  must  therefore  be  taken  as  proved  that  hy- 
drides do  exist  in  the  metal  tmder  these  conditions,  although  the  ques- 
tion as  to  whether  they  are  responsible  for  the  changes  of  dectrical  re- 
sistance observed  in  paUaditun  is  still  open. 

The  hydrides  thus  formed  are  stable  only  under  the  great  electrical 
and  mechanical  stresses  present  at  the  time  of  their  formation,  and  up  to 
the  present  nouje  of  this  special  type  of  metaUic  hydride  has  been  isolated. 
Nevertheless,  it  is  possible  to  fwedict  their  properties  with  comparative 
certainty  by  analogy  with  many  oxides  produced  tmder  almost  identical 
circumstances.  Some  of  these  oxides,  lead  dioxide,  manganese  dioxide, 
etc.,  are  easily  isolated  and  their  properties  well  known.  The  property 
which  specially  concerns  us  here  is  their  electrical  conductivity,  whidi  is 
considerable,  though  far  below  that  of  the  metal  itsdf .  Since  the  hy- 
drides show  so  many  properties  in  common  with  these  oxides,  it  is  only 
reasonable  to  consider  that  they  have  a  quite  appreciable  electrical  con- 
ductance. Further,  if  they  form  solid  solutions  in  the  metal,  such  a  solu- 
tion is  likely  to  be  a  better  electrical  conductor  than  a  scdution  of  gaseous 
hydrogen  in  the  same  metal. 

Whether,  therefore,  the  hydrides  form  solid  solution  with  the  metal,  or 
whether  they  merely  fill  cavities  in  the  metal  f ormeriy  occupied  by  gas, 
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their  appearance  will  be  demonstrated  simultaneously  by  a  faU  in  the 
electrical  resistance  of  the  metal  and  by  a  rise  in  the  (negative)  single 
potential. 

The  accuracy  with  which  the  experimental  wire  recovers  its  original 
resistance  when  very  carefully  treated  is  at  first  sight  puzzling,  but  on 
further  examination  becomes  not  only  reasonable  but  gives  us  further 
interesting  information  as  to  the  processes  going  on  during  formation  of 
the  hydrides. 

It  is  well  known  that  all  metals  in  the  massive  state  consist  of  oystals 
cemented  together  by  amorphous  material.  This  amorphous  material 
is  not,  strictly  speaking,  a  solid  but  a  highly  viscous  liquid,  and  mapy 
of  the  mechanical  and  physical  properties  of  the  metals  are  due  to  this 
substance  which  forms  an  envelope  for  every  crystal  of  the  metal.  Polish- 
ing the  metal  consists  in  pressing  down  the  metallic  crystals  and  smooth- 
ing over  this  liquid  on  the  top.  Since  palladium  is  easily  brought  to  a 
state  of  brilliant  pdish,  it  is  probable  that  the  amorphous  material  is 
fairly  plentiful  in  this  metal.  It  also  appears  probable  that  cdloidol 
pallculium  and  the  amorphous  metal  have  much  in  common  even  if  they 
are  not  identically  the  same.  The  great  so-called  "catalytic"  power 
of  colloidal  palladium  is  well  known  and  appears  to  be  due  to  its  great 
disserving  and  dissociating  power  for  gases  like  hydrogen.  It  appears, 
therefore,  that  the  solution  of  hydrogen  in  palladium  is  due  mainly  (possi- 
bly wholly)  to  the  amorphous  or  liquid  part  oi  the  metal,  and  further, 
that  the  hydrides  are  formed  from  the  same  substance.  This  subetanoe, 
therefore,  being  a  liquid,  cannot  have  its  shape  destroyed,  and  if  it  is 
merely  expanded  and  afterwards  contracted  again  without  any  viofent 
disturbances  occurring  sufficient  to  dis^dace  the  crystals  permanently, 
there  is  no  reason  why  the  final  properties  of  the  body  as  a  whole  should 
be  different  from  the  initial  properties. 

The  greater  solubility  of  hydrogen  in  the  amorphous  phase  is  observa- 
ble in  other  metals  than  palladitun,  e.  g.,  the  embrittling  and  hardening 
of  iron  after  use  as  a  cathode,  is  due  to  the  weakening  ai  the  cohesive 
power  and  increase  of  viscosity  of  the  anunphous  binding  material  by  solu- 
tion of  hydrogen  and  possibly,  also,  to  the  formation  of  minute  oystals 
of  solid  hydride. 

The  observations  under  discussion,  therefore,  are  of  great  interest  in 
showing  that  both  solution  of  hydrogen  and  hydride  formation  in  palla- 
dium are  almost  entirely  due  to  the  action  of  amorphous  or  liquid  palla- 
dium, the  solid  crystals  taking  Httle  or  no  part  in  the  process. 

The  application  of  the  phase  rule  to  this  problem  is  very  unsafe  since 
we  are  baling  with  a  system  highly  heterogeneous  and  notw  equilibrium. 
Kven  under  the  conditions  represented  by  horizontal  lines  on  the  diagram 
in  the  paper  imder  discussion,  true  equilibrium  is  not  present  since  we 
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have  irregularly  decreasing  mechanical  pressures  and  electrical  stresses 
as  we  proceed  from  the  siuiace  of  the  wire  to  the  internal  core.  If  any 
attempt  be  made  to  apply  the  phase  rule  to  this  state,  then  these  variable 
presstu'es  must  be  considered  in  the  character  of  new  components,  and 
since  the  pressures  vary  indefinitely,  the  number  of  phases  possible  is  also 
indefinite. 

Manchbstsk,  Bnoi^and. 


(Contribution  from  thb  Chemicai,  Laboratory  ov  Princeton  Univhrsity.] 

THE  OCCLUSION  OF  HYDROGEN  AND  OXYGEN  BY  METAL 

ELECTRODES. 

Comment  on  Newbery's  Criticism. 

By  Earia  a.  Harding  and  Donau>  P.  Smith. 

Received  May  26»  1919. 

The  foregoing  interpretation  of  our  results,  in  terms  of  Professor  New- 
bery's  hypothesis  of  tmstable  hydrides,  to  which  he  has  been  led  by  ex- 
tensive studies  of  overvoltage,  involves  several  questions  of  wide  bear- 
ing. We  shall  in  the  main  confine  ourselves,  however,  to  pointing  out 
difficulties  which  attend  the  explanation  of  our  own  observations  in  the 
manner  suggested,  and  commenting  on  the  objections  raised  witii  r^ard 
to  "conducting  hydrogen.*' 

Since  the  conduction  of  a  platinum  wire  cathode  has  been  shown  to 
rise  above  that  of  the  unaffected  metal,^  it  would,  in  this  instance  at  least, 
be  necessary  to  attribute  to  the  supposed  hydride  a  volume  conductivity 
greater  than  that  of  its  metalUc  component,  and  hence  of  a  higher  order 
than  any  hitherto  observed  for  compotmd  or  solid  solution.  The  same 
applies  to  the  oxide  which  must  logically  be  assumed  to  account  for  the 
analogous  effect  found  with  a  palladium  anode.'  If  compounds,  whether 
formed  in  fixed  or  in  variable  proportions,  afford  the  explanation,  they 
must  therfore  belong  to  a  new  category  having  extraordinary  electrical 
characteristics. 

The  changes  of  resistance  exhibited  by  the  cathodes  when  electrolysis 
is  renewed  after  temporary  interruption,  consist  in  three  parts:  a  very 
rapid  initial  drop  (seen  in  Curves  i,  2  and  3  of  Fig.  6,  of  the  original  arti- 
cle, in  the  enlarged  reproduction  of  No.  i  given  at  the  lower  left  side  of 
the  same  figure,  and  at  £-F  in  Pig.  2) ;  a  subsequent  rise  to  tiie  maximum; 
and  a  final  decline  to  the  steady  value  determined  by  the  current  density. 
It  is  not  readily  apparent  why  the  formation  of  the  supposed  hydrides, 
stable  only  at  very  high  pressures,  should  be  most  in  evidence  in  tiie  first 
stage  of  this  occlusion,  when  electrol3rsis  has  just  begun  and  the  pressure  of 
hydrogen  within  the  electrode  must  be  relatively  low.    Nor  does  it  seem 

*  Tras  Journal,  40,  1530  (1918). 

*  Loc.  cit.,  Fig.  8,  p.  1524,  et  seq. 
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to  follow  from  the  hydride  hypothesis,  without  the  addition  of  special 
assumptions,  that  the  production  of  hydrides  should  predominate  during 
the  first  and  last  stages,  while  formation  of  solid  solution  prevails  in  the 
intermediate  part  of  the  process. 

The  initial  drop  of  resistance,  just  mentioned,  is  attributed  by  Professor 
Newbery  to  "closer  junction  of  the  walls  of  cavities,"  implying  a  con- 
traction of  the  wire.  It  was  perhaps  not  made  plain  that  the  falling  first 
portions  of  the  curves  of  Fig.  4a  represent  the  ends  of  the  evolution  curves, 
and  that  the  length  of  the  wire,  in  these  and  in  all  our  experiments,  in- 
creased instantly  upon  renewal  of  electrolysis.  Dimng  the  drop  of  re- 
sistance from  B  to  F  the  wire  is  therefore  expanding;  and  for  this  the 
hydrides  do  not  seem  to  offer  a  ready  explanation. 

The  assignment  of  the  supi^ementary  conductance  to  hydrides  seems 
also  unadapted  to  account  for  the  initial  drop  of  resistance  observed  when 
a  wire  previously  subjected  to  oxidation  is  made  to  serve  as  cathode  (loc. 
cit,,  middle  of  p.  1525),  and  the  absence  of  this  drop  when  tmoxidized  wires 
are  employed.  Any  effect  left  by  oxidizing  influences  must  be  of  a  kind 
to  delay,  rather  than  to  hasten,  the  attainment  of  high  hydrogen  pressures, 
and  hence  must  operate  in  the  earlier  stages  of  electrolysis  to  diminish 
the  quantity  of  hydrides,  if  these  are  stable  only  at  high  presstu-es.  The 
consequence  of  oxidation  should,  therefore,  be  the  opposite  to  that  f otmd. 

Turning  to  Professor  Newbery's  objections  to  the  supposition  of  a  con- 
ducting form  of  hydrogen,  we  may  point  out  that  his  statement  that 
"the  addition  of  more  hydrogen  (supersaturation),  *  *  *  would 
tend  to  diminish  the  total  percentage  of  atomic  hydrogen  by  bringing  the 
atoms  into  closer  proximity,  just  as  a  concentrated  salt  solution  is  less 
dissociated  than  a  dilute,"  overlooks  the  fact  that  an  electrode,  dtuing 
the  persistence  of  the  supplementary  conductance,  is  not  yet  in  a  state 
of  equilibrium;  and  that  the  analogy  is  not  to  an  electrolyte  to  which 
more  ionogen  is  added,  but  rather  to  a  slowly  reacting  mixtture,  into  which 
is  rapidly  introduced  an  excess  of  one  of  the  reactants  It  is  evident  that 
in  such  a  case  the  added  factor  (and  any  intermediate  product),  would  be 
present  in  more  than  equilibrium  proportion  until  the  end  state  had  been 
readied. 

We  are  tmable  to  see  the  force  of  the  objection  that  "the  fact  that  up 
to  saturation  point  the  resistance  of  palladium  is  greatly  increased  by 
the  indusion  of  hydrogen  (most  of  whidi  is  in  the  atomic  state),  renders  it 
improbable  that  the  addition  of  further  hydrogen  in  the  atomic  state  will 
decrease  this  resistance."  This  appears  to  us  to  be  fully  met  by  the  con- 
sideration set  forth  in  the  paper  under  discussion  (p.  1518,^^^  seq.). 

Nor  can  we  agree  that  "the  action  of  the  added  hydrogen  would  not 
alter  the  single  potential  of  the  dectrode."    It  appears  to  us  almost  iq- 
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evitable  that  the  accumulation  of  a  transient  intermediate  form  within 
the  metal  should  raise  the  electrol)rtic  solution  pressure  of  hydrogen. 

While  we  would  not  deny  the  possibility  that  Professor  Newbery's 
explanation  may  be  the  correct  one,  we  must  therefore  still  regard  our 
own  as  involving  a  less  sweeping  and  more  definite  assumption.  A 
metaUic  compoimd,  existing  within  an  alloy  side  by  side  with  a  solid  solu- 
tion from  which  it  differs  diametrically  in  properties,  but  from  which  it 
does  not  form  a  distinct  phase,  constitutes  something  new  to  metal- 
lography; and  the  novelty  of  the  conception  is  not  diminished  by  supposing 
both  solid  solution  and  compoimd  to  form  part  of  an  amorphous  cement, 
the  existence  of  which  is  itself  by  no  means  imiversaHy  admitted.  The 
unique  electrical  properties  with  which  the  compound  must  further  be  en- 
dowed, add  to  the  scope  of  the  assumption. 

On  the  other  hand,  to  suppose  that  the  hydrogen  (or  oxygen)  which 
has  yielded  its  charge  to  the  electrode  and  penetrated  the  latter,  not  im- 
probably in  a  monatomic  condition,  is  capable  of  again  receiving  charges 
from  the  metal  and  transporting  these  charges  under  the  influence  of  the 
potential  gradient  associated  with  the  measxmng  current,  appears  to  im- 
ply nothing  new  save,  perhaps,  the  conception  that  the  hydrogen  retains 
its  mobiUty  after  entering  the  metal  tmtil  it  enters  into  the  dose  diemical 
relationship  of  the  solid  solution,  or  as  otherwise  transformed;  and  for 
this  conception  the  behavior  of  the  palladium  wires  appears  to  us  to  af- 
ford strong  support  not  only  in  the  dianges  of  length,  but  in  the  disrup- 
tive effect  produced  when  hydrogen-fiHed  wires  are  quiddy  raised  to  a 
temperature  above  the  critical  point  at  whidi  a  rapid  fall  of  resistance 
occurs  (bottom  of  p.  15  lo,  et  seq,).  This  seems  to  indicate  very  clearly 
that  at  this  temperature  the  solid  solution  rdeases  hydrogen  into  a  molMle 
form  which  exerts  great  internal  pressures. 

The  conception  makes  at  present  no  pretense  of  being  more  tiian  a 
working  hypothesis.  As  such  it  has  the  advantage  of  being  quite  definite, 
and  hence  suggesting  many  questions  of  fact.  Since  some  of  these  are 
at  present  the  subject  of  experiment,  fiulher  daboration  of  our  pcwt  of 
view  may  appropriatdy  be  deferred. 
PuKorroN,  N.  J. 
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REPLY  TO  HARDING  AND  SMITH'S  COMMENTS  ON  NEW- 

BERY'S  CRITICISM. 

By  Edgar  Nbwbbry. 

Received  October  7.   1919. 

The  most  important  objection  raised  by  Professor  Smith  and  Dr. 
Harding  to  my  suggestion  that  the  overvoltage  hydrides  and  higher  oxides 
are  responsible  for  the  changes  of  electrical  resistance  observed  by  them, 
lies  in  the  supposition  that  these  compotmds  have  a  higher  electrical 
conductivity  than  has  the  metal  itself.  Personally,  I  do  not  believe  that 
such  conductivity  of  compounds  is  possible  and  I  am  unable  to  agree 
with  the  above  authors  that  the  postulation  of  this  high  conductivity 
is  at  all  necessary. 

The  first  application  of  a  potential  difference  between  the  wire  and  the 
surrounding  medium  produces  an  electrical  double  layer  which  must 
exert  enormous  mechanical  pressure  upon  the  outer  layers  of  the  wire. 
This  pressure  will  not  only  dose  up  some  of  the  cavities  already  formed 
in  a  jM-eviously  treated  wire,  but  will  even  compress  the  aystals  of  an 
untreated  wire  into  closer  contact,  thus  increasing  the  conductivity. 
This  lataral  pressure  on  the  wire  would  naturally  tend  to  increase  its 
length,  which  is  in  accordance  with  the  observations  of  Harding  and  Smith. 

In  the  case  of  palladium  the  rate  of  absorption  of  hydrogen  is  so  rapid 
that  this  initial  increase  of  conductivity  is  not  observable  with  an  un- 
treated wire,  although  it  is  readily  observed  when  oxygen  is  liberated. 
Hydride  formation  does  not  occur  tmtil  after  the  surface  is  sattnated 
with  dissolved  hydrogen. 

This  "electro-striction"  effect  is  quite  outside  the  hydride  hypothesis 
and  occurs  before  hydrides  have  time  to  form.  This,  perhaps,  meets  the 
objections  raised  by  Professor  Smith  amd  Dr.  Harding  in  the  first  4  para- 
graphs of  the  preceding  paper.  The  fall  of  resistance  referred  to  in  the 
fifth  paragraph  is  evidently  due  to  the  rapid  reduction  of  oxide  to  metal. 

My  most  serious  objection  to  Smith  and  Harding's  theory  may  be 
stated  bluntly  as  follows:  If  80  cc.  of  atomic  hydrogen  introduced  into 
metallic  paUadium  increases  its  resistance  to  a  degree  roughly  propor- 
tional to  the  quantity  of  gas  absorbed,  why  should  a  further  20  cc.  of  the 
same  gas  reduce  the  resistance?  My  belief  is  that  the  last  20  cc.  does 
not  exist  in  the  form  of  gas,  but  is  chemically  combined  with  the  paUadium 
and  this  belief  is  based  on  the  fact  that  its  electrolytic  potential  is  widely 
different  (up  to  o. 7  volt)  from  that  of  the  80  cc.  of  monatomic  hydrogen 
first  introduced.  Smith  and  Harding's  theory  entirely  fails  to  account 
both  for  the  constancy  of  the  potential  up  to  this  point  and  for  this  sud- 
den and  very  great  change  in  electrolytic  potential  which  occurs  simul- 
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taneously  with  the  fall  of  resistance.  The  mere  accumulatiQn  of  an  exttt 
20%  of  a  gas  already  present  is  quite  inadequate  to  explain  this.  Also, 
the  fact  that  the  voltage  attained  is  determined  by  the  valence  of  the 
metal  can  hardly  be  reconciled  with  any  theory  which  does  not  involve 
chemical  compounds. 

To  test  my  views  of  the  possibility  of  electro-striction  affecting  the  re- 
sistance of  the  wire  I  would  suggest  that  Prof.  Smith  and  Dr.  Harding 
should  make  the  following  simple  experiment  which  I  am  unfortunatdy 
unable  to  make  for  myself  at  the  present  moment:  A  long,  fine  wire  of 
platintun  or  palladitun  should  be  coiled  closely  round  a  mica  plate  (a 
platinum  resistance  thermometer  would  do  very  well)  and  its  resbtance 
measured  when  immersed  in  various  electrolytes — pure  water,  strong 
add  or  alkali,  and  also  in  oil  or  benzene,  as  well  as  in  air.^ 

One  important  point  has  been  overlooked  in  the  original  experiments 
of  Smith  and  Harding,  namely  the  conductivity  of  the  dectrdlyte.  In 
their  apparatus  this  is  certainly  appreciable  and  the  highly  complicating 
phenomena  of  transfer  resistance  are  also  present.  A  certain  quantity 
of  current  must  of  necessity  flow  through  the  electrolyte  alongside  the 
wire.  If  the  resistance  of  the  circuit,  wire-electrolyte-wire,  were  con- 
stant, the  shape  of  the  curves  would  be  imaffected.  Unfortunately,  this 
is  far  from  being  the  case.  The  transfer  resistance  opposing  the  passage 
of  current  between  the  wire  and  the  electrolyte  is  a  quantity  which  varies 
according  to  circumstances  from  o  to  over  1000  ohms  per  sq.  cm.,  and  the 
lower  this  transfer  resistance,  the  greater  the  current  carried  by  the  dec- 
trol3rte.  It  is  quite  impossible  to  predict  what  this  transfer  resistance 
will  be,  since  it  is  dependent  upon  temperature,  current  density,  time, 
material  and  condition  of  dectrode,  dectrolyte,  and  specially  upon  the 
previous  history  of  the  dectrode,  and  its  variation  is  not  regular  with 
any  of  these  quantities  or  qualities.  The  confusion  introduced  by  this 
troublesome  factor  is  great  enough  to  invalidate  both  of  the  explana- 
tions suggested  for  Harding  and  Smith's  observations,  and  its  dimina- 
tion  promises  to  be  equally  troublesome.  Experiments  with  very  wide 
and  very  narrow  tubes  surrounding  the  wire  and  also  with  dectrolytes 
of  varying  conductivity  might  indicate  what  allowances  should  be  made. 
It  is  possible  that  with  a  very  narrow  surrounding  tube  and  an  dectro- 
lyte of  high  resistance,  some  featiu-es  of  the  curve  may  tend  to  disappear. 
If  so,  these  features  may  be  safdy  put  down  to  transfer  resistance.  Until 
some  such  experiments  on  these  or  similar  lines  have  been  carried  out,  it 
is  perhaps  unwise  to  attempt  any  further  explanation  of  the  observed 
phenomena.* 

1  This  form  of  experiment  is  of  course  open  to  the  same  objections  as  those  mo- 
tioned in  the  following  section.    Nevertheless  it  is  worth  trying. 

*  An  account  of  transfer  resistance  may  be  found  in  /.  Faraday  Soc.,  1$^  I  (i^i^)* 
"The  Resistance  of  an  Electrolytic  Cell." 
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One  further  point  may  be  mentioned  with  regard  to  the  ninth  para- 
graph of  Harding  and  Smith's  comment  on  my  criticism.  They  i^er 
to  "a  metallic  compomid  existing  within  an  alloy  side  by  side  with  a  solid 
solution  from  which  it  differs  diametrically  in  properties,  but  from  which 
it  does  not  form  a  distinct  phase." 

I  agree  that  such  a  hypothesis  is  very  improbable  and  I  had  no  idea 
of  suggesting  this.  Though  the  application  of  the  phase  rule  to  such  a 
system  whidi  is  not  in  equilibrium  is  very  unsafe,  yet  if  we  condder  a 
very  small  volume  in  the  interior  of  the  metal  where  the  changes  are  pro- 
gressing slowly,  the  condition  of  equilibrium  may  approximately  hcdd. 

We  have  two  components,  metal  and  monatomic  gas.  Metal  may  be 
considered  to  have  ceased  to  exist  as  pure  metal  and  the  phases  present 
win  be  saturated  soUd  solution,  metallic  hydride,  free  gas.  If  the  pressure 
be  increased,  more  gas  will  combine  with  the  solid  solution  to  form  hydride. 
If  it  be  decreased,  hydride  will  decompose  giving  free  gas  and  solid  solu- 
tion. The  hydrides,  therefore,  form  a  distinct  phase  with  a  definite  dis- 
sociation pressure  for  a  given  temperature,  tht  whole  process  being  ex- 
actly analogous  to  the  decomposition  of  calcium  carbonate  by  heat. 
The  fact  that  hydrides  are  actually  formed  hardly  admits  of  dispute,  the 
evidence  being  almost  overwhelnung,^  while  the  formation  of  the  corre- 
sponding oxides  is  a  well  established  fact.  The  question  at  issue  is  not 
whether  these  compounds  exist,  but  whether  they  are  responsible  for  the 
resistance  changes  observed  by  Harding  and  Smith. 

In  conclusion,  I  desire  to  express  my  appreciation  of  the  courtesy  and 
broad-mindedness  with  which  Professor  Smith  and  Dr.  Harding  have 
met  my  criticisms  and  also  my  admiration  of  the  delicacy  and  ingenuity 
of  their  apparatus  and  the  work  under  discussion. 

liAJicBasnK,  Biiai.Ain>. 
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COMMENT  ON  PROFESSOR  NEWBERY^S  REPLY. 

Bt  Eari«8  a.  HARDmo  and  Donau)  P.  Smith. 

Received  October  7,  1919. 

The  first  new  explanation  advanced  in  this  reply  assumes  that  the 
resistance  of  the  palladium  wire  is  reduced  by  an  electrostrictive  effect. 
Since,  at  25  ^  the  average  pressure  coefficient  of  the  resistance  of  palladium* 
is  only  — 0.1887  x  10""*,  the  dectrostriction  necessary  to  cause  a  change 
of  resistance  of  25%  would  be  of  a  magnitude  far  beyond  any  which  could 
be  produced  by  the  small  voltages  applied  (<6  volts).  Moreover,  this 
explanation  asstunes  that  the  crosss  section  of  the  wire  is  rieduced  during 

*Sec  7.  Chem,  Soc,,  109,  1051,  1066,  1107,  1359  (1916);  in,  470  (1917);  also 
Manchester  Memoirs,  6x,  No.  9  (1917)- 

'  Bridgman,  Proc.  Am.  Acad.,  5a,  613  (1916). 
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the  ocdusion  of  hydrogen,  whereas  the  reverse  is  the  case.    Ocdusion 
is  accompanied  by  expansion  in  all  directions.^ 

Another  explanation  offered  is  that  a  shunt  conduction  through  the 
electrolyte,  by  which  the  wire  was  surrounded,  varied  with  the  transfer 
resistance  between  wire  and  electrolyte,  and  that  these  variations  were 
responsible  for  the  changes  of  resistance  observed.  Such  an  explanation 
is  deariy  inapplicable  to  the  experiments  in  which  the  supplementary 
gain  of  resistance  was  found  to  continue  imaltered  after  the  electrd[3rte 
had  been  withdrawn.*  In  the  ordinary  experiments,  each  wire  was  an- 
nealed to  constant  resistance  in  nitrogen,  and  its  resistance  was  again 
taken  after  the  introduction  of  the  electrolyte,  but  before  electrolysis 
was  begun.  In  no  instance  could  a  change  of  resistance,  due  to  the 
presence  of  the  electrolyte,  be  detected  with  certainty.  Hence  the  shunt 
conduction  was  itself  negligible,  and  such  second-order  diff^enoes  in 
this  factor  as  may  have  resulted  from  changes  of  tracsfer  resistance  could 
hardly  have  exerted  an  appreciable  effect.  It  should  be  borne  in  mind 
that  our  measurements  of  resistance  were  not  made  while  the  electro- 
lytic current  was  flowing. 

As  regards  Professor  Newbery's  further  elucidation  of  his  hydride 
explanation,  it  does  not  appear  to  us  in  any  way  to  remove  the  necessity 
for  attributing  to  these  compoimds  the  extraordinary  conductivities  dis- 
cussed above. 

We  are,  therefore,  still  of  the  opinion  that  the  simplest  explanation  of 
the  supplementary  conductance  is  to  be  found  in  the  assumption  of  a 
transient  conducting  form  of  hydrogen. 

PxnicsTOii,  N.  J. 
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THE  ELECTROLYTIC  DETERMINATION  OF  THE  HALOGENS: 
AN  INDIRECT  METHOD. 

By  J.  H.  Reedy. 

Received  June  2,  1919. 

The  determination  of  the  halogens  by  their  electrolytic  deposition  on 
silver  anodes  has  been  regarded  by  most  investigators  as  impracticable, 
since  the  silver  anode  begins  to  dissolve,  either  during  the  last  stages  of 
the  electrolysis,  or  immediately  upon  completion  of  the  halide  ion  d^osi- 
tion.  Results  are  low,  owing  either  to  precipitation  of  silver  halides  in 
the  solution  or  to  the  migration  of  silver  to  the  cathode.  Varioiis  expe- 
dients to  overcome  this  difficulty  have  not  proved  satisfactory,  and  gravi- 
» PoggendorfF,  Phil.  Mag,,  {4]  37,  474-5  (1869);  Thoma,  Z.  physik,  Chcm,,  3,  71 
(1889). 

*  This  Journal,  40,  15 16  (1918). 
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metric  and  volumetric  methods  have  remained  the  standard  processes 
for  these  determinations. 

In  a  previous  paper^  it  was  shown  that  in  most  solutions  there  is  a  re- 
tardation in  the  solution  of  sUver  anodes  imtil  an  anodic  potential  of 
about  0.52  volt*  is  reached,  when  the  current,  which  is  anal3rtically 
negligible  below  this  value,  rather  abruptly  shows  a  marked  acceleration 
of  action.  With  haUde  solutions,  however,  action  begins  at  lower  poten- 
tials, depending  upon  concentration.  The  relation  between  potential 
and  concentration  is  shown  in  Pig.  i.  This  suggests  that  the  deposition 
of  the  halogens  might  be  accomplished  by  carrying  out  the  electrol3rsis 
with  an  anode  potential  of  0.52  volt,  or  a  very  sUght  excess  of  this  value. 
To  this  end  the  decomposition  potential  of  a  o. 5  molar  sulfuric  add  solu- 
tion saturated  with  silver  chloride  was  determined,  using  silver  coated 
with  silver  chloride  as  an  anode  and  bright  platinum  as  the  cathode. 


Volts, 


Di/uft»nm 


Fig.  I.— 'The  change  of  potential  of  silver  halide  electrodes  with  dilution  of  ions. 

This  value  was  found  to  be  0.5$  volt,  which  corresponds  exactly  with 
the  "solutictti  potential"  of  silver  (0.52  volt)  plus  the  overvoltage  of 
hydrogen  upon  bright  platinum  (0.07  volt).  As  long  as  this  limiting 
voltagie  of  0.59  is  not  exceeded,  the  electrolysis  of  halide  solutions  with 
silver  anodes  was  found  to  proceed  with  the  formation  of  an  adherent 
layer  of  silver  halide  on  the  anode  and  without  precipitation  in  the  solu- 
tion.   With  the  completion  of  the  deposition  of  the  halide  ions,  silver 

>  Am.  /.  Sci,,  4O1 400  (1915). 

'  Referred  to  the  normal  hydrogen  electrode  as  ao  volt 
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ions  appeared  in  the  sdution  with  no  break  in  the  ccmtinuity  of  the  cur- 
rent and  with  a  scarcely  noticeable  rise  in  potential. 

In  order  to  maintain  the  conductivity  of  the  electrolytic  solution,  e^- 
dally  at  low  concentrations  of  the  halogen  ions»  some  ''inert"  electrcdyte 
must  be  present.  Since  there  is  a  tendency  towards  increasing  alkalinity 
in  all  electrolytic  solutions  where  hydrogen  is  liberated  at  the  cathode 
and  the  anion  discharged  is  not  hydrozyl,  neutral  solutions  are  not  favora- 
ble media  for  this  operation.  The  reaction  potential  <rf  hydrozyl  ions  on 
silver  anodes  is  only  slightly  above  that  of  chloride  ions,  and  with  the 
increase  in  concentration  of  the  former  the  potential  is  reached  where 
hydroxyl  ions  will  be  discharged  more  readily  than  chlmne  ions.  Under 
such  circumstances  the  deposition  of  the  halogen  can  never  reach  comple- 
tion. For  this  reason,  in  the  experiments  repented  below,  the  halides 
were  electrol3rzed  in  the  presence  of  0.5  molar  sulfuric  add. 

It  thus  appears  that  the  unsatisfactory  technique  of  the  usual  methods 
for  the  dectrolytic  determination  of  the  halogens  may  be  much  simpli- 
fied and. the  process  made  more  or  less  automatic  by  carrying  out  the 
analysis  under  a  constant  potential  of  0.59  volt,  and  determining  the 
halogen  by  loss  of  wdght  upon  dectrolytic  reduction  of  the  halide  deposit 
to  metallic  silver.  This  indirect  method  is  necessary  since  varying  amounts 
of  silver  dissolve  at  the  end  of  the  dectrolysis. 

The  apparatus  is  shown  diagrammatically  in  Fig.  2.  A  lead  accumula- 
tor, L,  of  fairly  large  capadty  was  used  as  a  source  of  current,  since  this 
form  of  battery  maintains  an  approzimatdy  constant  potential  on  a 
dosed  circuit.    The  cathode  was  of  bright  sheet  platinum,  and  the  anode 

consisted  of  a  frame  of  heavy 
silver  wire  covered  with  a  cylin- 
drical surface  of  fine  silver  gauze, 
the  whole  bdng  coated  with  sil- 
ver dectrolytically,  and  after- 
wards heated  in  an  dectric  oven 
to  make  the  deposit  firm  and 
adherent.  The  vohune  of  the 
dectrolyte  used  was  200  cc.  The 
voltage  was  read  from  a  volt- 
meter, V,  connected  as  shown 
in  the  figtuie,  so  that  any  current 
pasdng  through  it  would  not 
Fig.  a.-Diagram  of  apparatus.  ^^  indicated  by  the  milliamnieter 

M.  By  means  of  the  sliding  ^resistance  R  the  potential  was  set  at  0.59 
volt.  Upon  dosing  the  circuit  a  rath^  large  current  passed  at  first,  but  with 
the  aid  of  effident  stirring  diminished  very  rapidly  and  became  n^;ligi- 
ble  at  the  end  of  15  minutes.    The  potential  was  then  raised  to  0.60 
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volt  and  the  current  psssed  5  minutes  more.  The  silver  electrode,  with 
its  halogen  deposit,  after  weighing,  was  made  the  cathode  in  a  dilute 
solution  of  sodium  hydroxide,  which  was  dectrolyzed  tmtil  hydrogen  was 
formed  freely  upon  the  smface  of  the  silver.  The  silver  halide  was  thus 
reduced  to  black  silver,  which  was  not  very  adherent  and  had  to  be  handled 
carefully  to  avoid  loss.  After  thorough  washing,  the  electrode  was  heated 
to  about  500®  in  an  electric  furnace  imtil  the  deposit  was  white  and  thor- 
oughly sintered  together.  The  loss  in  weight  on  reduction  represents 
the  weight  of  the  halogen.  In  most  cases  more  or  less  silver  dissolves 
from  the  anode  towards  the  end  of  the  dectrolysis,  remaining  in  solution 
as  silver  sulfate  or  plating  out  on  the  cathode  as  metallic  silver.  Repre- 
sentative results  are  given  in  Table  I. 

Tablb  I. — Determination  oi^  Halogens. 


Wt.  of  elec- 
trode +  halogen. 
G. 

Wt.  of  reduced 

electrode. 

G. 

Difference. 
0. 

Error. 
G. 

Wt.  of  aUver 

dissolved. 

G. 

Chlorine,    Calc.  wt 

0.0177  g. 

21.1048 

21 .0873 

0.0175 

— 0.0002 

0.0007 

23.2998 

23.2823 

O.OI75 

— 0.0002 

0.0050 

23 .2987 

23.2804 

0.0183 

+0.0006 

0.0019 

23.2929 

23.2736 

0.0183 

-f  0.0006 

0.0068 

23.1783 

23.1608 

0.0175 

— 0.0002 

0.0002 

23.1443 

23.1272 

O.0171 

— 0.0006 

.... 

23.1432 

23.1260 

0.0172 

— 0.0005 

0.0012 

Bromine.    Calc.  wt. 

0.0396  g. 

21.1542 

21.II45 

0.0397 

+0.0001 

O.OOII 

21.1538 

2I.II44 

0.0394 

— 0.0002 

0.0071 

21.1540 

2I.II44 

0.0396 

21.1389 

21.0993 

0.0396 

O.OI51 

21.1366 

21 .0968 

0.0398 

+0.0002 

0.0025 

23.2888 

23.2492 

0.0396 

Iodine,     Calc.  wt.  0. 

062a  g. 

21.1777 

21.1156 

0.0621 

+0.0001 



21.1585 

21 .0966 

0.0619 

— O.OOOI 

0.0002 

23.3350 

23.2729 

0.0621 

+0.0001 

0.0006 

23.3327 

23 .2708 

0.0619 

—O.OOOI 

0.0021 

23.3309 

23.2691 

0.0618 

■—0.0002 

0.0017 

23.3312 

23.2628 

0.0628 

+0.0008 

0.0063 

From  this  it  appears  that,  even  in  the  case  of  chlorine,  where  the  poten- 
tial required  for  the  complete  deposition  Ues  very  dose  to  the  solution 
potential  of  silver,  the  silver  does  not  begin  to  dissolve  imtil  the  precipi- 
tation of  the  halide  is  practically  complete.  It  was  foimd  that,  by  care- 
fully observing  the  limiting  value,  the  formation  of  silver  precipitates  in 
the  solution  could  be  avoided.  In  a  few  cases,  however,  after  the  charac- 
teristic opalescence  of  the  colloidal  silver  haUde  precipitate  had  appeared, 
it  was  found  that  by  lowering  the  potential  below  0.59  volt  the  solution 
could  b^  d^ared  up  again.    But  in  c^ses  where  appreciable  amount$  of 
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the  silver  halide  had  appeared  in  the  solution,  it  was  coagulated  by  the 
stirring,  and  in  such  form  it  dissolves  too  slowly  for  electrolytic  decom- 
position to  be  practicable. 

In  spite  of  the  tmusual  technique  of  the  method,  this  procedure  has 
been  found  to  compare  favorably  with  other  gravimetric  methods,  both 
as  to  accuracy  and  speed.  However,  it  must  be  confessed  that  this  work 
was  tmdertaken  not  so  much  for  the  purpose  of  developing  a  new  method 
as  for  the  confirmation  of  certain  inferences  drawn  from  the  results 
of  my  study  of  electrode  potentials. 

Urbama,  lU^QfOIS. 


[Contribution  prom  ths  Chemical  I/Aboratory  ov  the  University  o9  Wash- 
ington.] 

PASSIVITY  OF  COBALT. 

By  Horacb  G.  Bybrs  and  Curtis  W.  TmNO. 

Received  June  5,  1919. 

Introduction. 
In  a  paper  by  one  of  us^  a  report  is  given  on  a  series  of  experiments 
on  the  passivity  of  cobalt  and  the  following  statement  is  made:     "In 
solutions  of  the  halogen  salts,  sulfates,  nitrates,  chlorates,  nitrites,  dihydro- 
gen  phosphate,  citric  add,  acetic  add,  sulfuric  add,  and  nitric  add,  cobalt 
as  an  anode  goes  quantitativdy  into  solution.    In  the  free  adds,  also,  the 
metal  dissolves  by  direct  action  of  the  add  so  that  the  anode  loss  is  greater 
than  the  copper  equivalent.     In  caustic  potash,  neutral  sodium  carbonate, 
and  potassium  bichromate,  cobalt  fails  to  go  into  solution  even  to  a  mini- 
mal d^ree.    When  the  plates  which  have  been  used  in  caustic  potash  are 
placed  as  anodes  in  solutions  in  which  they  dissolve,  the  initial  high 
potential  fall  indicative  of  passivity  is  observed,  provided  the  circuit  is 
dosed  by  immersion  of  the  cobalt  anode."    It  is  stated  in  the  contribu- 
tion of  Hollis^  that  cobalt,  nickd  and  iron  are  passive  in  fuming  nitric  add 
bdow  a  certain  critical  temperature  which  he  fixes  for  iron  at  loo**,  for 
nickd  at  80**  and  for  cobalt  at  10**.     In  view  of  this  contradictory  be- 
havior of  cobalt  and  the  difference  between  its  behavior  and  that  of  iron 
and  nickd  it  seemed  worth  while  to  make  a  further  study  of  the  topic. 
The  experimental  work  detailed  below  is  divided  into  3  parts:  (i)  a  study 
of  the  anodic  behavior  of  cobalt  in  various  solutions  with  change  in  con- 
centration using  small  current  density,  (2)  a  study  of  the  rdation  between 
the  current  density  and  the  voltage  drop  across  a  platinum-cobalt  ceD 
using  various  solutions,  and  a  comparison  with  similar  cdls  using  iron 
and  nickd,  and  (3)  a  study  of  the  anodic  potentials  of  cobalt,  iron  and 
nickd. 

*  This  Journai,,  30,  1728  (1908). 

*  Trans,  Camb.  Phil,  Soc,  la,  463  (1904). 
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The  pure  cobalt,  in  plate  form  of  known  area,  was  fastened  to  a  copper 
conducting  wire.  This  was,  in  ttim,  fastened  in  a  glass  tube  and  sealing 
wax  applied  so  that  the  electrolyte  came  in  contact  with  the  cobalt  cmly. 
The  whcde  was  suspended  in  a  porous  cup  within  a  beaker  and  both  were 
filled  with  the  electrolyte.  The  cathodes  used  were  two  platinum  wires, 
sealed  through  glass  tubes,  and  were  hung  parallel  to  and  at  equal  distances 
from  the  anode,  on  the  outside  of  the  porous  cup.  The  cup  served  to  keep 
the  cobalt  anode  unaffected  by  the  hydrogen  from  the  cathodes,  The  two 
cathodes  gave  a  more  tmiform  current  density  on  the  anode.  The  tem- 
perature used  in  all  measurements  was  o^. 

The  amount  of  solution  from  the  anode  was  measured  from  the  loss  in 
weight  of  the  anode  during  the  passage  of  the  current.  From  the  copper 
deposited  in  a  copper  coulometer  the  amount  of  cobalt  which  would  have 
di^olved,  assuming  the  metal  to  dissolve  in  the  bivalent  condition  and 
to  conform  to  Faraday's  laws,  may  be  calculated.  Comparing  the  amount 
actually  dissolved  to  the  amount  which  theoretically  should  dissolve, 
the  degree  of  passivity  was  calculated. 

Except  where  otherwise  indicated,  the  cobalt  used  was  prepared  dec- 
trol)rti<adly  from  nickd-free  cobalt  sulfate.  A  part  of  the  work  was  done 
with  Merck's  98%  cobalt.  No  difference  between  the  behavior  of  the 
two  samples  could  be  detected. 

A.  Nitric  add  solutions  of  normality  o. 01  to  5.0  were  used.  The  cur- 
rent densities  employed  varied  from  3 .0  to  o.  i  amp.  per  sq.  dcm. 

B.  Sulfuric  add  solutions  of  normality  0.02  to  5.0  were  used.  The 
current  densities  employed  varied  from  o.i  to  2.7  amp.  per  sq.  dcm. 
With  these  current  densities  the  cobalt  was  active.  In  every  case  the 
cobalt  went  into  solution  in  accord  with  Faraday's  law  plus  an  amount 
varjring  between  9  and  1 10%,  due  to  the  solvent  effect  of  the  add.  The 
metal  was  evidently  active. 

It  was  afterwards  fotmd  that  in  a  o.  2  iV  solution,  if  the  current  density 
was  increased  to  16-17  ^^V'  P^  sq.  dcm.  and  then  reduced  to  the  densi- 
ties noted  in  Table  I,  that  the  cobalt  would  be  passive.  This  is  shown  in 
the  following  table: 

Tablb  I. — 98%  Cobalt  in  0.2  N  Sui^FtJRic  Acm  at  o*. 


rea  anode. 
Sq.  cm. 

Current. 
Mil.  amp. 

Loss  of 

anode. 

G. 

Gain  of 
cogper. 

Current 

density.   Amp. 

per  sq.  dcm. 

Jil^. 

0.256 

10 

O.OIOO 

0.0105 

3.92 

100.3 

0.330 

15 

0.0151 

0.0158 

5.0 

102.0 

0.272 

15 

0.0004 

0.0187 

5.5 

2.3 

0.322 

15 

0.0002 

0.0207 

4.6 

I.O 

In  the  first  two  cases  the  initial  high  density  was  not  employed  and 
the  cobalt  was  active.     In  the  last  two  cases  the  initial  high  current  den- 
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sity  of  16^17  amp.  per  sq.  dcm.  rendered  the  cobalt  passive  and  it  re- 
mained passive  even  at  the  low  current  densities  of  5.5  and  4.6  amp. 
per  sq.  dcm.  The  small  loss  was  due  to  the  initial  period  of  activity  and 
to  mechanical  losses  dtuing  the  cleaning  and  weighing  of  the  electrode. 

C  Sodium  sulfate  solutions  of  normality  o.oi  to  5.0  were  used.  At 
small  current  densities  the  cobalt  was  active.  Using  0.2  N  solution,  it 
was  fotmd  that  cobalt  would  become  passive  providing  a  sufficiently 
high  current  density  as  employed. 

D.  In  potassium  dichromate  solutions  of  all  concentrations  and  at  all 
current  densities  cobalt  remained  passive.  It  was  found  that  additions 
of  small  amounts  of  sulfuric  add  or  sodium  sulfate  solutions  would  render 
the  cobalt  active. 

Summary. — In  0.2  N  sulfuric  acid  and  sodium  sulfate  solutions, 
cobalt  may  be  either  active  or  passive  at  o**  dependent  upon  the  current 
density.  In  potassium  dichromate  it  readily  assumes  the  passive  state 
under  all  conditions.  The  passive  state  is  not  so  readily  reached  in  the 
presence  of  activating  agents. 

n. 

A  cell  containing  the  electrolyte,  having  an  anode  of  known  area  and 
a  platinum  foil  cathode,  was  placed  in  series  with  a  milliammeter.  A 
voltmeter  was  connected  across  the  two  electrodes  by  means  of  a  key.  In 
series  with  the  cell  and  ammeter  was  a  variable  resistance.  A  direct 
current  of  15  volts  was  used. 

The  voltage  fall  across  the  cell  was  gradually  increased.  Readings  of  the 
voltage  and  current  were  made.  At  a  certain  point  the  voltage  fall  sud- 
denly increased  while  the  current  simultaneously  decreased.  At  the  same 
time  the  surface  of  the  anode  brightened  and  bubbles  of  oxygen  gas  were 
evolved.  This  marks  the  change  of  the  metal  from  the  active  to  the 
passive  state.  The  following  curves  in  Fig.  i  show  the  results  for  99.7% 
iron,  100%  nickel,  98%  cobalt,  and  100%  cobalt.  Solutions  of  0.2  N 
sulfmic  add,  sodium  sidfate,  and  potassium  dichromate  were  used.  The 
temperatiu-e  was  o*^.  The  following  table  gives  the  area  of  the  respec- 
tive anodes: 

Tabids  II. — ^Arba  of  Anodes  in  Sq.  Cm. 

Metal.  0.2  N  HjSOi  0.2  N  NaiSO*.  0.2  N  K»CnO». 

Iron  (99.7%) 0.201  0.066  0.068 

Nickel  (100%) 0.120  0.068  0.068 

Cobalt  (98%) 0.087  0.085  0.168 

Cobalt  (100%) 0.15  0.045  0.045 

From  an  inspection  of  these  curves  and  by  calculations  it  may  be  seen 
that  nickel  is  passive  in  all  the  solutions  and  at  all  current  densities. 

Iron  is  passive  at  all  current  densities  in  potassium  dichromate  and 
sodiiun  suhfate,  and  becomes  passive  at  current  densities  above  6.0  amp. 
per  sq.  dcm.  in  0.2  N  stilfuric  acid. 
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Cobalt  becomes  passive  in  0,5  N  sulfuric  add  at  16-17  amp.  per  sq. 
dcm.,  in  0.2  A^  sodium  sulfate  at  24  amp.  per  sq.  dcm.  It  is  passive  at 
all  times  in  0,2  N  potassium  dichromate. 
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Fig.  X. 

The  above  curves  represent  average  experiments  and  values  may  be 
obtained  which  will  differ  slightly  from  tiiose  given.  The  time  factor 
influences  results.  By  this  we  mean  that  if  the  current  density  were  some- 
what lower  than  the  above  values,  and  the  current  were  allowed  to  flow 
for  a  longer  period  of  time,  the  metal  would  become  passive.     For  ex- 
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ample,  cobalt  in  0.2  N  sulfuric  add  will  become  passive  at  a  current 
density  of  10  amp.  per.  sq.  dcm.  if  the  current  is  passed  for  a  sufficient 
length  of  time.^ 

Summary. — Cobalt  as  an  anode  becomes  passive  if  the  current  density 
is  of  a  sufficiently  high  value.  The  passive  state  is  indicated  by  an  in- 
creased voltage  drop,  a  decreased  current,  by  the  evolution  of  oxygen  gas, 
and  by  the  failure  of  the  anode  to  go  into  solution. 

m. 

In  this  series  of  experiments,  the  potential  of  the  anode  was  measured 
against  that  of  a  normal  calomel  electrode  as  zero.  The  potential  was 
measiured  when  no  current  was  flowing  and  also  when  the  anode  was  a 
part  of  a  platinimi-metal  cell  using  various  electrol)rtes.  The  potentiom- 
eter used  was  a  Leeds  and  Northrup  student  potentiometer  and  mea- 
sured voltage  to  the  fourth  decimal  place.  Owing  to  the  nature  of  the 
work  readings  were  made  to  the  third  place  only.  A  Weston  standard 
cell  was  used  with  the  potentiometer.  All  measurements  were  made  at 
0°.  The  electrolyte  was  contained  in  a  large  test-tube.  The  anode  was 
prepared  by  fastening  the  metal,  either  in  the  wire  form  or  as  a  narrow 
strip,  to  a  copper  wire.  This  was  sealed  through  a  glass  tube  with  sealing 
wax  so  that  the  metal  only  came  in  contact  with  the  electrolyte.  A 
platintmi  foil  cathode  was  used.  The  calomel  electrode  was  prepared  in 
the  usual  manner  and  checked  from  time  to  time  against  amalgamated 
zinc  in  molar  zinc  sulfate,  a  voltage  of  1.03  being  obtained. 

Active  potential.  Potential.  State  of  metaL 

Metal.  No  current.  Current  flowing.  Current  flowing. 

A.— 0.2  iV^  Sulfuric  Add  at  o*. 

Iron  (99.7%) — 0.514  -i-i.9ii-i.887(io)^  Passive 

Nickel  (100%) — 0.234  1.916-1.902(5)  Passive 

Cobalt  (98%)* — 0.350  0.605-671(15)  Active 

Cobalt  (98%) — o .  278  1 .  888-1 .  849(15)  Passive 

B.— 0.2  N  Sodium  Sulfate  at  o*. 

Iron  (99.7%) — 0.616  1.959-1.971(5)*  Passive 

Nickel  (100%) — o .  167  i .  80^1 .  797(5)  Passive 

Cobalt  (98%)* — 0.411  0.270-0.250(5)  Active 

Cobalt  (98%) — 0.411  1.811-1.824(5)  Passive 

Cobalt  (100%)* — 0.416  0.302-0.264(5)  Active 

Cobalt  (100%) — o  .416  1 .  870-1 .  840(5)  Passive 

C. — 0.2  N  Potassitun  Dichromate  at  o*. 

Iron  (99.7%) — 0.185  2.634-2.592(5)  Passive 

Nickel  (100%) — 0.400  2.268-2.290(5)  Passive 

Cobalt  (100%) — 0.306  2.422-2.522(5)  Passive 

*  Was  not  subjected  to  the  initial  high  cturent  to  secure  the  passive  state. 

^  The  figtires  in  parenthesis  indicate  the  current  in  milliamperes  flowing  through  the 
anode. 

»  See  Tms  Journal,  35,  767  (1913);  3^1  2004  (1914)- 
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The  electrode  was  immersed  in  the  electrolyte  and  its  potential  deter- 
mined with  no  current  flowing.  Then  a  current  of  50  milliamperes  was 
allowed  to  flow  through  the  anode  until  it  became  passive.  The  current 
was  then  reduced  and  the  potential  again  measured.  The  current  was 
allowed  to  flow  for  a  long  period  of  time  and  then  the  electrode  was  re- 
moved and  the  loss  in  weight  checked  against  the  copper  equivalent 
from  the  copper  coulometer.  It  seems  to  be  impossible  to  get  exact 
potential  checks.  This  is  due  probably  to  variations  in  the  electrode 
surface  and  in  the  current  employed.  It  was  found  that  fluctuations  in 
the  current  very  materially  affected  the  potential  The  summary  of  the 
results  obtained  is  shown  in  the  preceding  table. 

The  above  results  show  (i)  the  metals  in  the  active  state  possess  a 
negative  potential.  Experiments  show  that  this  potential  will  vary 
with  time^  and  with  the  material  and  surface  of  the  cathode;  (2)  the  poten- 
tial of  the  anode  when  passive  is  positive  and  likewise  varies  with  time. 
It  was  also  found  that  the  potential  of  the  anode  varied  with  the  current 
flowing  through  it.  For  example,  in  0.2  iV  potassium  dichromate,  the 
same  passive  cobalt  anode  will  show  a  potential  of  i .  920  with  a  current  of 
5  milliamperes  and  a  potential  of  2 .40  with  a  current  of  10  milliamperes. 

Summaiy. — ^A  series  of  measurements  of  the  anodic  potentials  of  iron, 
nickd,  and  cobalt  are  given.  Ftom  an  inspection  of  the  results  it  may  be 
seen  that  when  in  the  active  condition  and  no  current  is  flowing  through 
the  electrode,  it  has  a  negative  potential.  When  the  electrode  is  an  anode 
with  the  current  flowing,  the  potential  changes  in  sign  and  increases  in 
value  even  if  the  metal  remains  active.  If,  however,  the  metal  becomes 
passive,  the  potential  is  markedly  increased. 

Conclusions. 

The  results  of  experiments  show  that,  at  low  current  densities,  cobalt, 
when  used  as  an  anode,  readily  goes  into  solution.  If  the  current  densi- 
ties are  sufficiently  high,  the  cobalt  becomes  passive  and  is  insoluble. 
The  voltage  measurement  of  the  cobalt-platinimi  cell,  with  various 
electrolytes  and  a  comparison  with  similar  results  with  iron  and  nickel, 
show  that  when  the  cobalt  becomes  passive  there  is  a  marked  increase  in 
the  voltage  across  the  cell.  It  may  be  seen  from  the  potential  measiure- 
ments  that  this  is  due  to  the  change  in  potential  of  the  cobalt  as  it  changes 
from  the  active  to  the  positive  state. 

Cobalt  may  be  classed  with  the  passive  metals  since  it  exhibits  all  the 
characteristics  of  iron  and  nickel  when  they  are  passive.  The  essential 
difference  between  the  cobalt  and  the  other  metals  lies  in  the  fact  that  the 
cobalt  as  an  anode  will  not  become  passive  at  the  low  current  densities 
required  by  nickel  and  iron.  If  cobalt  asstmies  the  passive  state,  it  will 
remain  so  even  though  the  current  density  is  reduced.  In  the  absence 
^  See  also  Tms  Joxtrnal,  38,  363  (1916). 
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of  the  anodic  relation,  the  cobalt  becomes  active  in  add  solution  more 
readily  than  does  nickel. 

SSATTI<B,   WASHIlfOTOM. 


THE  RAPID  DETERMINATION  OF  CARBON  MONOXIDE 

IN  AIR.» 

By  Arthur  B.  Lamb  and  Alfrbd  T.  Larson. 

Received  June  28»  1919. 

The  breathing  of  air  containing  i%  of  carbon  monoxide  by  men  in 
moderate  activity  will  lead  to  loss  of  consciousness  within  a  few  minutes, 
followed  very  soon  by  death,  o.  i%  of  carbon  monoxide  may  cause  dis- 
ablement in  about  2  hotu^  and  0.05%  is  sufficient  to  induce  drowsiness 
on  prolonged  breathing. 

The  testing  of  the  efficiency  of  gas  mask  absorbents  for  carbon  mon- 
oxide, therefore,  involves  the  precise  anal3rsis  of  air  mixtures  containing 
1%  and  less  of  this  gas.  Moreover,  to  follow  adequately  the  behavior 
of  an  absorbent  during  a  test,  frequent  and  very  rapid  analyses  are  re- 
quired. 

When  testing  of  this  nattire  became  necessary  in  ibe  Research  Divi- 
sion of  Chemical  Warfare  Service,  a  search  for  a  satisfactory  method 
was  made,  but  none  was  fotmd  at  once  suffidentiy  accurate  and  rai»d  for 
this  purpose. 

Methods  depending  upon  absorption,  such  as  the  cuprous  chloride 
and  the  Haldeme  methods,  were  out  of  the  question,  since  the  volume 
changes  to  be  measured  at  these  concentrations  were  so  minute.  Con- 
version to  carbon  dioxide  and  its  determination  was  not  suitable  because 
of  the  difficulty  of  securing  rapid  and  at  the  same  time  complete  absorp- 
tion of  carbon  dioxide  at  very  low  concentrations.  The  liberatioa  of  iodine 
from  iodine  pentoxide  furnished  a  very  accurate  method,  particularly 
at  concentrations  of  carbon  monoxide  as  low  as  o.  1%,  but  it  was  found 
to  be  time  consuming. 

Thermometric  methods  depending  on  the  rise  of  temperature  pro- 
duced by  the  combustion  of  the  carbon  monoxide  had,  to  be  sure,  been 
described,  particularly  in  the  patent  literature,  and  they  had,  at  least, 
the  merit  of  rapidity.  Thus,  Guasco'  had  proposed  a  differential  air 
thermometer  in  which  one  of  the  bulbs  was  of  platinum  covered  with 
platinum  black.  The  device  has  been  found  to  poison  rapidly,  requires 
frequent  calibration,  and  is  not  accurate  at  low  concentrations. 

A.  and  L.  D.  Williams'  had  described. an  arrangement  which  emjdoys 

*  Published  by  permission  of  Maj.  Gen.  W.  L.  Sibert,  Director  of  Chemical  Warfare 
Service,  U.  S.  A. 

*  Compt.  rend.,  155,  282  (1912). 

»  U.  S.  pat.  1.143,473.     June.  1915. 
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an  electrically  heated  catalyst  in  contact  with  which  the  gas  bums,  the 
temperature  rise  being  measured  by  a  thermocouple.  Unfortunately, 
the  two  thermojunctions  are  separately  heated  with  the  result  that  the 
accidental  temperature  differences  at  the  two  junctions  introduce  errors 
which  may  completely  mask  any  heating  effect  resulting  from  the  combus- 
tion of  small  quantities  of  carbon  monoxide. 

Phillip  and  Steele^  had  placed  a  catalytic  material  on  a  wire  which 
was  made  one  side  of  a  Wheatstone  bridge,  the  catalyst  being  heated  by 
passing  a  current  through  the  wire.  No  provision,  however,  was  made 
to  prevent  poisoning  of  the  active  material;  nor  is  the  device  sufficiently 
compensating  to  detect  the  small  temperatiure  changes  resulting  from 
carbon  monoxide  air  mixtiu*es  of  low  concentration. 

B.  C.  Tilghman^  and  H.  H.  Clark'  had  suggested  Wheatstone  bridge 
arrangements  in  which  one  side  of  the  bridge  is  heated  to  a  temperatiu-e 
where  combustion  of  the  carbon  monoxide  takes  place.  These  methods 
are,  however,  not  truly  differential  and  on  that  accoimt  are  of  Uttle  value 
for  the  quantitative  measiu-ement  of  low  concentrations  of  carbon  mon- 
oxide. 

All  of  the  above  devices  would  no  doubt  be  of  value  in  the  detection 
of  relatively  high  concentrations  of  carbon  monoxide,  as,  for  instance,  in 
the  operation  of  signals,  warning  of  the  approach  to  the  explosive  Umit. 
They  would  also  be  undoubtedly  rapid  in  action,  but  their  accuracy  would 
be  wholly  insufficient  for  measurements  of  the  low  concentrations  above 
mentioned. 

Attempts  were  therefore  made  to  increase  the  accuracy  of  the  thermo- 
metric  method  without  forfeiting  its  rapidity,  and  two  new  modifications 
of  the  method  were  developed  which  met  this  requirement.  Both  measture 
the  temperattu'e  rise  residting  from  the  combustion  of  carbon  monoxide 
in  air.  In  the  first  method,  the  combustion  takes  place  in  contact  with 
a  heated  platinum  wire,  in  which  case  the  amount  of  combustion  is  con- 
stant but  not  complete.  In  the  second  method,  combustion  takes  place 
in  contact  with  a  platinum  catalyst  and  is  complete.  In  the  first  method, 
the  temperattu'e  rise  is  meastued  by  a  Wheatstone  bridge  arrangement, 
which  is  practically  a  platinum  resistance  thermometer;  in  the  second,  the 
temperature  rise  is  measured  by  a  thermocouple. 

Neither  of  these  methods  is  an  absolute  one;  that  is,  both  must  be 
calibrated  by  the  use  of  carbon  monoxide  air  mixtiures  of  known  concen- 
trations. As  a  consequence  the  absolute  accuracy  of  these  methods  de- 
pends, in  part,  upon  how  accurately  these  concentrations  can  be  deter- 
mined either  by  synthesis,  or,  as  was  found  more  convenient  in  practice, 

1  U.  S.  pat.  899,068.  Sept.,  1908. 

*  U.  S.  pat.  524,361.  Aug.,  1894. 

•  U.  S.  pat.  960,833.  June,  1910. 
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by  analysis.  Since  these  calibrations  are  but  infrequently  required  and 
the  anal3rsis  of  the  reference  gas  can  be  made  at  leisure,  the  method  em- 
ployed for  the  purpose  need  not  be  a  rapid  one  and,  therefore,  a  slow  and 
very  accurate  method  such  as  the  one  using  iodine  pentoxide  can  be  em- 
ployed. The  absolute  accuracy  of  these  new  methods  can  therefore  be 
made  equal  to  that  of  the  best  chemical  method;  since  in  addition  they 
are  rapid,  they  ought  to  prove  useful  in  many  fields.* 
First  Method  (Hot  Wire  Method).' 
In  this  method  (Fig.  i)  the  air  mixttire  to  be  analyzed  is  passed  over 
a  platinum  wire  heated  to  a  dull  red,  in  contact  with  which  the  combusti- 

r — 1 
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I 
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I . 

Fig.  I. 

^  U.  S.  pats.  1,321,063  and  1,321,064  have  been  granted  covering  these  two  methods. 

*  This  method  finally  proved  less  advantageous  for  our  ptui>oses  than  the  second 
method  (Catalsrtic  Method)  to  be  described  later.  It  was,  therefore,  not  fully  developed 
by  us  and  can  doubtless  be  brought  to  a  much  higher  state  of  perfection.  Neverthe- 
less, important  details  regarding  it  were  worked  out;  it  was  put  in  actual  operation, 
and  tests  made  demonstrated  its  considerable  reliability  and  accuracy.  For  this  reason 
a  brief  description  of  it  and  its  operation  is  given. 

After  our  work  on  this  method  had  been  completed  a  valuable  paper  bearing  on  this 
subject  was  published  by  Weaver  and  Weibel  of  the  Biu'eau  of  Standards  (Bureau  of 
Standards,  Scientific  Paper  334,  "New  Forms  of  Instruments  for  Showing  the  Presence 
and  Amotmt  of  Combustible  Gas  in  the  Air")-  In  this  paper  important  fundamental 
studies  are  given  of  the  behavior  of  heated  wires  in  air  mixtures  containing  combustible 
gases.  An  apparatus  is  described  for  determining  combustible  gases  working  on  a  prin- 
ciple similar  to  the  above-mentioned  First  Method.  It  is  not,  however,  as  rigorously 
differential  as  this  method,  in  that  instead  of  two  identical  wires,  an  active  and  a  coated 
wire  are  emplo3red.  Moreover,  it  is  not  certain  from  the  above  paper  that  this  appar- 
atus, which  evidently  operated  successfully  as  a  detector  at  the  concentrations  studied, 
would  at  oiu-  10  times  lower  concentrations  operate  with  the  precision  required  in  our 
anal3rtical  work. 
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ble  gas  is  partially  btimed,  then  through  a  tube  of  heated  copper  oxide 
where  the  combustion  is  completed.  The  gas  mixture,  free  from  carbon 
monoxide,  then  passes  back  over  a  second  platinum  wire,  not  only  in  itself 
identical  with  the  first  wire,  but  identically  moimted  and  connected  in 
series  with  it.  These  two  wires  constitute  two  arms  of  a  Wheatstone 
bridge  and  after  being  suitably  balanced  a  change  in  temperature  of 
either  wire  with  respect  to  the  other  will  cause  a  change  in  relative  re- 
sistance, which  is  disclosed  by  a  suitable  galvanometer.  This  arrange- 
ment, except  for  the  carbon  dioxide  formed  and  the  slight  change  in  vol- 
ume, is  rigorously  differential.  To  insiu^e  identity  of  temperatiu-e  in 
the  stUTOtmdings  and  in  the  gas  stream  the  whole  apparatus  is  sub- 
merged in  a  closely  regulated  water  thermostat,  and  the  gas  stream,  be- 
fore reaching  the  hot  wires,  is  led  through  long,  copper  spirals  similarly 
submerged.  |y^ 

The  most  serious  difl&culty  and  one  which  was  underestimated  at  the 
outset,  was  the  irregular  variation  in  the  relative  resistance  of  the  heated 
wires,  even  when  no  carbon  monoxide  was  present  in  the  gas  stream. 
Thus,  these  relative  resistances  were  found  to  vary  markedly  with  changes 
in  the  total  rate  of  flow  of  the  gas  in  spite  of  apparent  substantial  identity 
in  the  dimensions  and  shapes  of  the  hot  wires  and  their  containers.    It 
was,  therefore,  necessary  to  hold  the  flow  carefully  constant  by  means  of  a 
sensitive  flowmeter.    In  spite  of  these  precautions  large  and  irregular 
variations  in  the  relative  resistance  of  the  two  wires  still  occurred,  so  that 
the  effect  of  the  combustion  of  small  concentrations  of 
carbon   monoxide   on   the  first  wire,  was  completely 
masked.      The  difl&culty  was  finally  solved  by  care- 
fully eliminating  eddies  in  the  gas  stream.    This  was 
accomplished  by  placing  within  *T"  (Fig.  2)  several 
layers  of  cotton  gauze  and  covering  the  end  of  "P"  with 
a  fine-mesh  cotton  gauze  over  which  the  heated  platinum 
wire  was  directly  placed.   This  gave  a  steady  and  appar- 
ently stream-line  flow  and  eliminated  the  marked  fluc- 
tuations in  the  relative  resistance  of  the  wires. 
Apparatus. 

The  apparatus  is  shown  assembled  in  Fig.  i.    The 
platiniun  wires  ("heaters")  are  supported  within  the  1 

tubes  A  and  B.  C  is  an  electric  ftunace  containing 
a  tube  of  copper  oxide.  N  and  N'  are  copper  tubes 
wound  in  a  spiral  as  indicated.   H,  I,  is  a  flowmeter,  the  -. 

capillary  of  which  is  kept  in  the  thermostat.    L  is  a 
manometer  which  indicates  changes  in  the  pressm^e  of  air  within  the  sys- 
tem.   M  is  a  wash-bottle  for  drying  the  gas  while  M'  is  a  glass-wool  plug 
which  serves  to  remove  add  spray. 
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view  of  the  heater  and  its  containing  tube  is  shown  in 
the  glass  fork  S  are  sealed  platinum  wires  (No.  14)  which  are 
b  right  angles,  the  ends  being  one  cnL  apart.  A  slit  was  cut 
^ch  wire  and  into  this  was  clamped  a  strand  of  platinum 
t  by  twisting  together  two  wires  0.002  inch  in  diameter, 
^ntacts  were  made  by  arc  welding  the  ends  of  the  wire  to 
rhe  fork  was  held  rigidly  so  that  the  platinum  heater  foil 

LECTION  WITH  0.9976%  MIXTURE  OF  CaRBON  MoNOXIDB  IN  AlR. 

=  iioo  ohms.  E  s  900  ohms  and  F  ^  -jy  ohms, 

it  »  I.I  amperes.  Galvanometer  Resistance  ■■  120  ohms. 

=  1.5  liters  per  minute, 
itional  resistance  in  galvanom- 
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just  over  the  mouth  of  P.  A  storage  battery  large  enough  to  maintain 
the  wires  at  a  constant,  dull  red  for  long  periods  was  used.  The  current 
flowing  through  the  bridge  was  kept  constant  by  means  of  a'sUde-wire 
resistance  and  a  millivoltmeter. 

Results. 

Results  selected  from  a  typical  run  with  a  0.9976%  mixture  of  carbon 
monoxide  in  air  are  given  in  Table  I. 

Similar  results  were  obtained  with  mixtiu-es  containing  0.1%  carbon 
monoxide.    The  percentage  reproducibility  in  both  cases  was  practically 
identical,  being  ^  2%  over  an  interval  of  one  to  two  hours,  and  about  5 
minutes  was  required  to  reach  a  definite  deflection. 
Second  Method  (Catalytic). 

This  method  depends  upon  the  catal3rtic  combustion  of  the  gas  in  con- 
tact with  platinum.  At  275-300®  this  reaction  is  fast  enough  so  that 
combustion  is  complete  under  ordinary  conditions.  The  temperature 
rise  is  measured  by  means  of  a  thermocouple  and  galvanometer.  After 
calibration,  deflections  of  the  galvanometer  represent  definite  concen- 
trations of  carbon  monoxide. 

This  method  not  only  proved  to  be  more  accurate  than  the  first  method, 
but  also  easier  to  install  and  operate.  It  was  used  for  many  months  in 
routine  testing  laboratories  of  the  Chemical  Warfare  Service,  and  in- 
deed, made  possible  the  rapid  development  of  carbon  monoxide  masks  and 
absorbents. 

Apparatus. 

Two  satisfactory  types  of  apparatus  were  developed,  one  using  a  vapor 
and  the  other  an  air  bath  to  heat  the  gas  and  the  contact  mass.  The 
former  apparatus  is  by  far  the  easier  to  install  and  it  alone  will  be  de- 
scribed in  detail  in  this  paper. 

A  diagram  of  it  is  shown  in  Fig.  3 ;  B  was  a  steel  tube  90  cm.  long  and  7.5 
cm.  in  diameter,  closed  at  one  end.  The  tube  was  covered  except  for  the 
upper  25  cm.  with  several  thicknesses  of  asbestos  paper.  Boiling  di- 
phenylamine  was  found  to  give  satisfactory  results  in  the  vapor  bath 
though  it  decomposed  slowly  and  had  to  be  renewed  from  time  to  time. 
Sufficient  heat  to  keep  the  zone  of  condensation  within  30  cm.  of  the  top 
of  tube  B  was  maintained. 

The  gas  mixture  to  be  analysed  was  brought  to  the  constant  tempera- 
ture of  the  vapor  bath  by  a  4  mm.  Pyrex  glass  tube  extending  to  within 
5  cm.  of  the  bottom  of  the  vapor  jacket,  whence  it  wound  backward 
in  a  dose  coil  about  15  cm.  long  and  6  cm.  in  diameter  equivalent  to  a 
straight  length  of  about  3  meters.  Attached  to  this  coil  was  the  Pyrex 
glass  tube  A,  15  mm.  in  diameter  and  extending  about  30  cm.  above  the 
top  of  the  steel  tube  B.  Tube  D  was  fitted  into  A  as  indicated.  This  was 
made  from  a  length  of  4  mm.  P3rrex  glass  tubing  to  which  was  attache^ 
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a  20  cm.  length  of  7  mm.  tubing,  this  enlarged  portion  being  constructed 
«c  <»v.^«r«^  ;«  ^^  figure.  This  tube  carried  the  catalyst  and  thermoele- 
in  the  enlarged  cross-section  given  in  Fig.  4.  The  thermo- 
lade  from  No.  30  copper  and  constantan  wires,  the  joints 
or  silver  soldered.  (If  silver  wire  had  been  used  instead  of 
of  the  difficulties  resulting  from  the  oxidation  of  the  copper 
)ly  have  been  avoided.)  The  distance  between  the  two 
\  about  6  cm.,  this  portion  of  the  element  being  made  of 
m  wire.  The  copper  leads  extended  through  the  rubber 
connections  and  were  attached  to  a 

M 

'^••^  galvanometer.    A  wall  type  d'Arson- 

•u....i^^  val  galvanometer,  having  a  resistance 
H  of  approximately  120  ohms  and  giv- 
ing a  deflection  of  about  0.30  cm.  per 
microvolt  on  a  curved  scale  50  cm. 
from  the  galvanometer  mirror,  was 
used  in  this  work. 

Catalyst. 
Catalysts  were  made,  some  from 
platimun  wire,  0.05  mm.  in  diameter, 
and  others  from  platinum  gauze, 
woven  from  a  similar  wire.  When 
the  wire  was  used,  it  was  wound  into 
the  form  of  a  2  mm.  spiral  and  then 
pressed  into  a  fairly  compact  mass. 
One  gram  of  this  wire  gave  sufficient 
surface  for  our  ptui>ose.  To  prepare 
it  the  platimun  was  first  deaned 
with  add  and  then  covered  with 
platinum  black  by  dectroplating  in  a 
solution  of  chloroplatinic  add  in  the 
usual  manner.  When  a  heavy  coat- 
ing had  been  deposited,  the  wire  was 
^^^'  ^'  washed  and  then  dectrolyzed,  first 

1  hydroxide  solution  and  then  in  dU.  sulfuric  add,  during 
e  current  was  commutated  as  in  the  previous  plating.  This 
\  foimd  to  be  absolutdy  essential  to  the  successful  prepara- 
talyst.  The  catalyst  was  now  washed  and  dried  and  placed 
shown  in  Fig.  4.  Junction  G  lay  near  the  upper  surface  of  the 
was  as  centrally  located  within  the  tube  as  possible.  The 
firmly  packed  into  the  tube  so  as  to  insure  firm  lodgment 
it  channds  through  which  the  gas  might  pass  without  com- 
:  with  the  catalyst. 
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This  method  could,  of  course,  easily  be  made  into  a  continuous  record- 
ing one  by  the  use  of  various  electrical  recording  devices  now  in  the  market. 

Calibration. 

The  apparatus  was  calibrated  by  passing  through  it  air  containing 
known  percentages  of  carbon  monoxide.  Because  variable  rates  of  flow 
produce  variable  galvanometer  deflections,  it  was  necessary  to  maintain 
a  fixed  rate  of  flow,  which  rate  was  governed  by  the  nature  of  the  testing 
to  be  done.  The  number  of  points  to  be  determined  for  purposes  of  cali- 
bration was  also  governed  largely  by  a  similar  consideration.^ 

To  fix  a  given  point,  a  certain  concentration  of  gas  was  drawn  through 
the  machine  until  the  galvanometer  readings  became  constant.  Two 
samples  of  the  gas  were  then  withdrawn  and  analyzed  by  the  iodine 
pentoxide  method.  The  concentration  was  now  altered  and  a  second 
point  obtained,  and  so  on,  for  as  many  points  as  seemed  desirable.  As  an 
illustration,  the  results  obtained  in  the  calibration  of  an  electrically  heated 
apparatus  (Unit  No.  2,  New  Interior  Building  Laboratory)  are  given  in 
Table  II. 

Table  II. — Cai^ibration. 

Galvanometer  deflection. 


CO  in  air 

mixture. 
%. 

Observed. 
Cm. 

Computed  from 
empirical  formula. 
Cm. 

Deviation  from  empirical  form 

Cm. 

%  total  air. 

0.057 

4.5 

4.75 

— 0.25 

— 0.003 

0.104 

8.8 

8.70 

-fo.io 

+0.001 

0.264 

22.8 

22.73 

+0.07 

+0.001 

0.441 

39.0 

39.16 

— 0.16 

—0.002 

0.706 

(  66  .or 

65.61 

+0.39 

+0.004 

1. 127 

(1 1 1. 8)- 

112.09 

— 0.29 

— 0.003 

»»=0.2I  «*s0.003 

*  In  these  measurements  additional  resistance  had  to  be  inserted  in  the  galvanom- 
eter circuit. 

These  results  are  represented  graphically  by  the  solid  curve  in  Fig.  5. 
The  observed  deflections  are  represented  by  the  empirical  equation  D  = 
82(%)  +  i5.5(%)*  with  an  average  deviation  of  only  2  mm. 

It  is  of  interest  to  compare  the  above  observations  with  what  would 
be  expected  had  none  of  the  heat  of  combustion  been  lost  to  the  surround- 
ings. In  this  computation  the  specific  heat  of  air  is  taken  as  0.237  at 
275-300**,  the  molecular  heat  of  combustion  of  carbon  monoxide  as  68040 
calories,  the  temperatiu-e  coefficient  of  e.  m.  f.  as  57.03  microvolts  per 
degree  and  the  apparent  molecular  weight  of  air  as  28 . 8.    The  galvanom- 

*  In  the  testing  of  absorbents  for  CO,  a  i  %  CO  air  mixture  has  generally  been  used, 
although  0.5%  and  0.25%  have  been  found  desirable  at  times.  The  "break"  in  the 
absorbent  was  usually  taken  as  the  point  at  which  0.1%  CO  leaked  through.  These 
points  on  the  galvanometer  scale  are  therefore  of  considerable  interest  and  it  is  im- 
pgrt^^it  that  CO  air  mlx^wres  pf  fibout  these  concentrations  be  used  in  the  calibration. 
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eter  showed  a  deflection  of  0.0323  cm.  per  microvolt  of  1.84  cm.  per 
degree.  This  would  then  require  a  deflection  of  183.6  cm.  for  a  1% 
carbon  monoxide  air  mixture,  corresponding  to  a  temperatiu-e  rise  of 
99.66®.  This  value  has  been  used  to  draw  the  dotted  line  in  Fig.  5, 
representing  the  calculated  deflections  for  different  concentrations  of 
carbon  monoxide. 


PEFZECTIQtr  or  OALy^^N0ME7:EJ9 
Fig.  5- 

The  observed  deflections  for  this  apparatus  are  about  half  that  calcu- 
lated on  this  basis,  showing  that  a  very  considerable  dissipation  of  heat 
occurs.  The  gradual  inflection  of  the  curve  representing  the  observed 
results  indicating  a  lesser  relative  heat  loss  for  higher  concentrations 
and  higher  temperatures  is  interesting  and  is  probably  explained  by  the 
fact  that  at  the  higher  temperatiu-es  a  great  increase  in  the  reaction 
velocity  occurs  so  that  the  reaction  zone  in  the  contact  mass  becomes 
smaller  and  hence  the  loss  of  heat  by  conduction  less. 

Longevity  of  Catalyst. 

The  successful  operation  of  this  device  depends  upon  the  permanence 
of  the  platinum  catalyst.  Anything  which  will  change  the  character  of 
the  platinum  black  surface  will  impair  and  in  some  cases  completely 
destroy  its  catalytic  properties.  A  high  temperature,  for  instance,  will 
change  the  platinum  black  to  a  grey,  which  is  considerably  less  active 
than  the  black.  It  was  therefore  important  not  only  that  there  should 
be  sufficient  platinum  to  complete  the  combustion  of  the  carbon  mon- 
o^de  present,  but  also  that  this  surface  should  be  in  such  excess  that  the 
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heat  generated  per  unit  area  of  its  surface  was  not  great  enough  to  effect 
the  conversion  to  the  grey  variety. 

The  introduction  of  halogens  into  the  gas  stream  produces  permanent 
poisoning  of  the  catalyst.  When  this  occurs  the  catafyst  must  be  re^ 
moved  from  the  apparatus  and  washed  in  hot  nitric  add  or  even  replated 
in  some  cases  in  order  to  bring  it  back  to  its  former  activity.  Sulfur  com- 
pounds were  also  injurious  to  the  contact  surface,  but  in  such  cases  draw* 
ing  piue  air  through  the  heated  catalyst  frequently  restored  it  to  its  former 
effectiveness.  The  effect  of  sulfur  dioxide  on  the  catalyst  is  shown  in 
the  following  table: 

Table  III. — ^Effbct  oi^  Sui*fur  Dioxtob  on  Catalyst. 
Coiicentration  of  CO,  approx.  0.2%.    Temperature  of  air  bath,  300^.    Unit  No.  la. 

Gal.  deflecdon. 
Time.  Cm.  • 

5:20  25.3 

SOt  introduced  i  part  per  100,000  (by  volume) 

5:23  24.6 

5:26  23.3 

5:30  23.1 

5:35  22.6 

5:40  21.9 

5:45  21.2 

5:50  20.5 

5:55  19.8 

6:00  19. T 

6:05  18.4 

6:10  17.7 

6:15  17.0 

6:16  SOt  off. 

6:17  19.0 

6:19  19.6 

6:30  19.6 

It  will  be  noted  that  the  rate  of  "fatigue"  is  proportional  to  the  time, 
being  0.7  cm.  for  each  5-minute  interval.  When  the  sulfur  dioxide  was 
turned  off,  the  galvanometer  deflection  increased  and  finally  reached  a 
constant  value,  though  one  lower  than  at  the  outset.  If  the  tempera- 
ture be  raised  to  350^  and  air  passed  at  the  same  time,  this  poisoning 
effect  can  be  entirely  removed. 

A  few  of  the  most  frequent  sources  of  halogens  and  sulfur  compounds 
which  were  encountered  and  which  must  be  guarded  against  deserve 
mention.  When  carbon  dioxide  is  made  by  the  dehydration  of  formic  add, 
the  cone,  sulfuric  add  used  suffers  slight  decomposition  into  sulfur  di- 
oxide. Again,  when  the  gas  is  dried  by  bubbling  through  cone,  sulfuric 
add  enough  add  spray  is  carried  along  with  the  gas  to  give  trouble.  Rub; 
ber  connections  made  from  fresh,  cold-cured  rubber  give  off  sulfur  chloride 
m4  ln^st  b^  h^ted  ^l  strong  alkali  before  use.    The  air  with  whidi  the 
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cait)Oii  monoxide  is  being  diluted  often  causes  trouble.    It  was  found  ad- 
visable to  draw  the  air  from  out  of  doors,  in  order  to  diminate  every  possi- 
bility of  c(»itainination.    Some  absorbents  give  off  gases  which  produce 
poisoning  effect,  in  which  case  providon  has  to  be  made  for  their  removal. 
When  precautions  were  taken  to  avoid  these  rather  patent  souroes 
of  contamination  no  difficulties  were  experienced.    The  same  catalyst 
mass  was  often  emfdoyed  almost  continuously  for  many  weeks  without 
replacement.    It  is  advisable,  however,  when  a  machine  is  in  constant 
use,  to  dbeck  its  reading  against  a  reference  gas  once  a  day,  or  better  still, 
before  and  after  prolonged  series  of  tests.    Any  slight  poisoning  of  the 
catalyst  would  then  be  disclosed  and  oorrecticm  for  it  could  be  made. 
Accuracy  of  Catalytic  Method. 
An  estimate  of  the  accuracy  of  this  method  can  be  gained  from  the 
close  agreement  of  the  observed  galvanometer  deflections  obtained  with 
Tabls  IV. — ^RBPRODucisn^rrY  op  Dbplbction  wtth  o.i%  CO  Am  Mixture. 
Concentration  of  CO  *  0.117%  (by  volume). 
Rate  of  flow  —  1.47  liters  per  minute. 

Temperature  of  bath  =■  275  ". 


Time. 
Min. 


Galv.  deflection. 
Cm. 


o air 0.3 

1 0.1%  CO 10.5 

3 12. 1 

5 

6 

7 

8 

10 


.air 


14. 
16. 

19. 
21. 
22. 
24- 
25. 
26. 

30. 
33- 
35. 
36. 
37. 
38. 
41- 
44- 


12.3 

".4 

"5 

12.6 

0.7 

0.5 

0.3 

0.3 

.o.i%CO 12.3 

12.4 

12.6 

12.6 

12.6 


12.3* 


12.3 


.air. 


0.4 

0.3 

.o.i%CO 12.0 

12.5 

12.6 

12.6 

. .  .air 0.5 

0.3 


12.3 


•  When  these  values  are  referred  to  the  calibration  curve  (Fig.  4)  it  will  be  noted 
that  the  galvanometer  deflections  are  greater  than  one  would  expect  for  gas  of  this 
concentration.  The  pure  carbon  monoxide  used  in  this  test  had  been  kept  in  a  gal- 
vanized tank  for  sometime  and  the  high  reading  is  no  doubt  due  to  the  added  beat  of 
combustion  of  the  hydrogen  which  had  accumulated  in  the  tank. 
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different  concentrations  of  carbon,  monoxide  in  calibrating  an  apparatus, 
for  instance  No  iia,  with  the  empirical  formula  D  =  Ss{%)  +  i5.5(%)*, 
characteristic  of  it.  As  can  be  seen  from  Table  III,  the  average  percentage 
deviation  here  from  the  formula,  was  =*=  0.002%,  over  the  whole  range, 
based  on  the  air. 

The  reproducibility  of  the  readings  is  shown  by  the  following  table 
(Table  IV)  where  observations  made  when  air  and  a  o.  1%  carbon  mon- 
oxide mixture  were  alternately  drawn  through  the  machine  are  recorded. 

It  is  evident  that  over  this  interval  the  galvanometer  readings  are  re- 
producible to  within  a  millimeter,  or  to  within  1%;  this  corresponds  to 
an  absolute  reproducibility  in  this  mixture  of  0.001%  carbon  monoxide 
based  on  the  total  air. 

The  reliability^of  this  device  in  the  estimation  of  carbon  monoxide  is 
further  sho¥m  by  the  results  tabulated  below.    This  table  (Table  V) 

Table  V. — Comparativb  EFFiciENcms. 

Carbon  Monoxide  Canister.    A — Thermometric  Method.     B — Iodine  Pentoxide 

Method.     Against  1%  CO  Air  Mixture. 

Canister  No.  20. 

Mins.        5.              45.           120.  165.  195,  235.  248. 

%  Leakage  by  A 0.2    0.3    0.5  i  .0  1.5  4.8  lo.o 

%  Leakage  by  B 0.5    i  .0    i.i  1.2  2.1  4.7  11. 7 

%B  —  %A — 0.3  — 0.7  — 0.6  — 0.1  — 0.6  — o.i  — 1.7 

Canister  No.  2 1 . 

Mina.        5.              45.           120.  165.  200.  230.  254. 

%  I^eakage  by  A 0.2        o.i        0.3  0.5  2.4  5.1  9.7 

%  Leakage  by  B 0.3        0.0        0.6  0.6  2.5  5.0  10.5 

%B  —  %A — 0.1        0.1     — 0.3  — 0.1  — 0.1  O.I  — 0.8 

Canister  No.  22. 

Mins.        5.              45.       *   120.  156.  170.  180. 

%  Leakage  by  A 0.3         i.i         1.7  5.3  9.8  15.7 

%  Leakage  by  B 0.8         1.4        1.8  5.7  10.7  16. i 

%B  —  %A — 0.5    — 0.3    — 0.1  — 0.4  — 0.9  — 0.3 

Canister  No.  23. 

Mins.  5.  45.  120.  165.  176.  183. 

%  Leakage  by  A 0.1  0.4  0.8  5.0  10.3  15.3 

%LeakagebyB 0.0  0.0  0.5  4.6  8.9  15.5 

%B  —  %A 0.1  0.4  0.2  0.4  1.4  — 0.2 

Canister  No.  24. 
Mins.        5.  45.  120.  165.  184.  200.         215. 

%  Leakage  by  A 0.0        0.1        0.2    .     1.4        4.9        9.8      15.0 

%LeakagebyB 0.0        0.0        0.0         i.i         4.8       10.5       15.3 

%B  —  %A 0.0        O.I         0.2        0.3        0.1     — 0.7    — 0.3 

Canister  No.  25. 

Mins.        45.            120.          150.  190.  211. 

%  Leakage  by  A 0.4         1.2        5.0  9.6       14.7        

%  Leakage  by  B 0.8         i.i         4.6  10.3       14.5        

%B  —  %A — 0.4        0.1         0.4  — 0.7        0.2        
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contains  the  results  of  a  series  of  carbon  monoxide  canister  tests  in  which 
the  iodine  pentoxide  method  and  this  thermometric  method  were  both 
used  in  testing  the  efiSuent  gases.  At  every  point  where  an  analysis  was 
made  by  the  chemical  method  a  similar  analysis  was  made  by  the  thermo- 
metric device.  The  fine  agreement  of  the  two  methods  shows  the  new 
one  to  be  entirely  trustworthy. 

Asstuning  for  the  moment  that  the  values  obtained  by  the  iodine  pent- 
oxide  method  are  correct,  the  average  discrepancy  of  the  above  results 
by  the  thermometric  method  is  only  0.38%.  At  first  glance  this  might 
appear  to  be  a  large  average  where  such  small  quantities  (0.2%- 10.0%) 
are  concerned,  but  when  it  is  remembered  that  the  tests  are  made  on  a 
1%  g^as  and  that,  therefore,  this  percentage  variation  corresponds  only 
to  an  error  of  0.0038%  on  the  total  air  mixture,  it  will  be  recognized 
that  this  represents  a  very  excellent  agreement.  This  agreement  is  espe- 
cially satisfactory  when  it  is  remembered  that  the  results  were  secured 
in  routine  runs  made  under  the  stress  of  war-time  demands. 

Actually,  since  the  thermometric  method  was  calibrated  by  means  of 
iodine  pentoxide,  the  above  discrepancies  are  essentially  accidental,  and 
should  not  all  be  charged  to  the  thermometric  method.  In  other  words, 
the  real  discrepancies  are  presumably  somewhat  less  than  0.0038%. 

Smnmarizing  our  observations  regarding  the  accuracy  of  this  cataljrtic 
method  (Method  No.  2),  we  would  say  that  at  least  on  mixtures  of  o.  i 
to  1%  of  carbon  monoxide  the  method  can  reasonably  be  relied  upon  for 
an  accuracy  of  ^0.003%,  based  on  the  total  air. 

Summary. 

1.  The  necessity  for  an  accurate  and  rapid  method  for  the  analysis  of 
dilute  carbon  monoxide  air  mixtiu-es  in  the  study  of  gas  mask  absorbents 
for  carbon  monoxide  has  been  explained. 

2.  Two  thermometric  methods  answering  this  requirement  have  been  de- 
scribed. In  the  first  method  the  gas  mixture  is  passed  over  a  platinum  wire 
heated  to  redness  and  the  carbon  monoxide  is  partially  btuned  in  contact 
with  it.  The  gas  mixture  is  then  freed  of  carbon  monoxide  by  passing 
through  heated  copper  oxide  and  is  brought  back  in  a  thermostat  over 
another  identical  platinum  wire  heated  by  the  same  electric  current. 
The  first  wire  is  the  hotter  because  of  the  combustion  which  occurs  on  it — 
and  the  resultant  relative  change  in  the  resistance  of  the  two  wires  serves 
as  a  meastu'e  of  the  concentration  of  the  carbon  monoxide.  In  the  second 
method  the  mixture  is  passed  through  a  platinized,  platinum  csLtalyst 
when  the  carbon  monoxide  is  completely  burnt.  The  temperature  rise 
is  meastu'ed  by  a  thermoelement  and  indicates  the  concentrations  of  the 
carbon  monoxide. 

3.  Both  methods  are  rapid.    The  latter  is  particularly  accurate,  easy 
to  install  and  to  operate     With  reasonable  precautions  the  activity  of 
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its  catal3rst  remains  cQnstant  so  that  machines  have  been  in  constant 
satisfactory  operation  for  many  weeks  at  a  time.  Being  very  nearly  in- 
stantaneous these  methods  are  particularly  useful  for  continuous  analysts 
of  a  changing  gas  mixture.  Attempts  to  apply  them  to  the  analysis  of 
flue  and  combustion  gases  are  already  tmder  way. 

Washihotom,  D.  C. 


[Contribution  peom  thb  Kbnt  Chbmicai«  Laboratory  op  thb  University  of 

CracAGO.] 

STUDIES  m   CONDUCTIVITY.    VI.  THE  BEHAVIOR  OF   MIX- 
TURES OF  TWO  SALTS  CONTAINING  A  COMMON 
ION  IN  ANHYDROUS  FORMIC  ACID  SOLUTION. 

By  H.   I.  SCHLBSINGBR  AND  F.  H.   RBSD.^ 
Received  July  28,  1919. 

The  first  4  papers  of  this  series'  have  dealt  with  the  agreement  of  solu- 
tions of  formates  in  anhydrous  formic  add  with  the  demands  of  the  law 
of  mass  action,  when  the  degree  of  ionization  is  determined  by  the  conduc- 
tivity method,  although  in  such  solutions  these  electrolytes  are  very  highly 
ionized.  Since  highly  ionized  substances  in  other  solvents  do  not  obey 
this  law,  there  exist  at  present  no  meastu'ements  for  strong  dectroljrtes 
which  can  be  used  to  verify  the  deductions  which  are  made  from  the  law 
for  the  behavior  of  mixttu'es  of  two  dectrolytes  with  a  common  ion.  An 
mvestigation  of  such  mixtures  therefore  seemed  desirable,  espedally  as 
agreement  with  the  law  in  the  behavior  of  the  mixttu'es,  as  well  as  of  the 
individual  salts,  would  dispose  of  the  possibility  that  the  agreement  in 
the  case  of  the  latter  is  due  to  any  acddental  cancellation  of  deviations.' 
This  study,  in  addition  to  having  fulfilled  the  purposes  just  mentioned, 
has  resulted  in  bringing  out  some  points  that  may  lead  to  a  better  imder- 
standing  of  concentrated  solutions  and  has  thrown  further  light  on  the 
peculiar  behavior  of  the  formates  of  the  alkaline  earths. 

In  most  details  the  methods  of  Schlesinger  and  Martin  were  followed 
without  change  except  for  the  following  points:  The  formic  add  was 
prepared  by  distilling  Baker  &  Adamson's  add,  prepared  espedally  for 
our  work,  from  Vio  its  volume  of  phosphorus  pentoxide  at  20**  to  27**, 
and  a  pressiu-e  of  10  to  18  mm.  Three  distillations,  in  the  apparatus  al- 
ready described,  usually  produced  an  add  with  a  specific  conductivity 

*  The  work  reported  m  this  and  the  preceding  paper  of  this  series  has  been  pre- 
sented to  the  Faculty  of  the  Ogden  Graduate  Scho<d  of  Sdence  of  the  University  of 
Chicago  by  F.  H.  Reed  in  partial  fulfillment  of  the  requirements  for  the  degree  of  Doctor 
of  Philosophy.     The  work  was  completed  in  June,  1917. 

*  Schlesinger  and  collaborators  as  follows:  With  Calvert,  Tms  Joxtrnal,  33, 
1924  (191 1);  with  Martin,  Ibid.,  36,  15S9  (1914);  with  Coleman,  Ibid.,  38,  271  (1916); 
with  Mullinix,  Ibid.,  41,  72  (1919). 

■  See  also  the  seventh  paper  of  the  series  which  follows. 


Digitized  by 


GooQle 


1922  ;      H.   I.   SCHLESINGBR  AND  F.   H.  REED. 

of  about  6.5  X  lo""*  reciprocal  ohms.  The  formates  were  made  as  by 
Schlesinger  and  Coleman;  they  were  recrystallized  from  absolute  alcohd 
unta  their  conductivities  in  solution  were  tmchanged  by  further  recrys- 
tallization.  The  formates  of  strontitun  and  calcium  used  were  parts 
of  the  samples  prepared  by  Schlesinger  and  Mullinix.  All  salts  were 
analyzed  by  conversion  into  sulfates  and  were  f otmd  pure  within  the  limits 
of  the  analytical  method.  All  solutions  were  made  by  weighing  the  salt 
directly  into  the  25  cc.  volumetric  flasks.  Weights  were  corrected  to 
vacumn.  The  conductivities  were  measured  by  the  Washburn  modifica- 
tion of  the  Wheatstone-Kohlrausch  method  with  the  special  precautions, 
the  necessity  for  which  was  pointed  out  in  the  fifth  paper  of  this  series.^ 

Ionization  Constants. 
For  the  interpretation  of  oiu-  work  on  the  mixed  solutions  an  accurate 
knowledge  of  the  ionization  constants  of  the  salts  investigated  is  neces- 
sary. When  these  constants  were  taken  from  the  earlier  work  of  this 
series,  for  which  an  accuracy  of  from  0.2  to  0.3%  was  quite  suflSdent,  it 
was  foimd  that  the  calculated  results  showed  certain  irregularities  which 
we  ascribed  to  very  slight  errors  in  the  relative  values  of  the  various 
ionization  constants  employed.  Since  oiu-  improved  apparatus  and  meth- 
ods, described  in  the  paper  referred  to  above,  enabled  us  to  determine 
the  conductivities  of  solutions  with  a  maximum  average  error  of  slightly 
less  than  0.05%,  it  was  deemed  advisable  to  redetermine  these  constants. 
Tables  I,  II  and  III  show  the  results  obtained.  In  each  case  no  more 
determinations  were  made  than  were  needed  to  cover  a  sufficient  range 
of  concentration  to  make  dependable  the  average  value  of  the  ionization 
constant  of  that  salt.  In  the  first  column  of  each  of  these  tables  is  given 
the  concentration  of  each  of  the  respective  salts  expressed  in  gram  mols 

Tabi«e  I. — The  Conductivity  of  Potasshjm  Formate  Solution  at  25°  m 
Anhydrous  Formic  Acid. 


Cone. 

X. 

Xa- 

Xa. 

a. 

K. 

%err« 

0 

.... 

68.92 

0.1027 

0.006581 

0.006516 

63.43 

0.920 

1 .092 

O.OI 

O.1314 

0.008232 

0.008167 

62  18 

0.902 

1.092 

0.02 

0.1804 

0.01093 

0.01086 

60.22 

0.874 

1 .091 

O.OI 

0.1992 

0. 01 193 

O.OI187 

59.55 

0.864 

1.095 

0.06 

0.2312 

0.01356 

0.01350 

58.39 

0.847 

1.086 

0.05 

0.2433 

0.01418 

O.O1411 

57.99 

0.841 

1.087 

0.04 

0.2696 

0.01549 

0.01543 

57.24 

0.831 

1.097 

0.09 

0.2792 

0.01595 

0.01589 

56.90 

0.826 

1 .091 

0,02 

0.3104 

0.01744 

0.01738 

55.99 

0.812 

1 .092 

0.03 

0.3232 

0.01802 

0.01796 

55  58 

0.806 

1.085 

0.06 

0.3253 

0.01813 

0.01806 

55.52 

0.806 

1.086 

0.06 

0.3266 

0.01818 

0.01812 

55.48 

0.805 

Av. 

1.085 
p  1.090 

0.07 

1  Schlesinger  and  Reed 

,  This  Journal,  41, 

1727  (1919). 
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Tabls  II. 

. — Thb  Conductivity  op 

Sodium 

Formats 

Solution  at 

25**  IN 

Anhydrous  Fqrmic  Acid. 

Cone. 

X. 

Xr 

^a- 

a. 

K, 

%erroi 

0 

66.225 

0.06418 

0.004025 

0.003960 

61.70 

0.932 

0.815 

0.04 

0.06881 

0.004289 

0.004225 

61.39 

0.927 

0.810 

0.00 

0.08375 

0.005135 

0.005071 

60.54 

0.914 

0.816 

0.06 

0 .09682 

0.005850 

0.005786 

59.75 

0.902 

0.807 

0.04 

0.1755 

0.009888 

0.009820 

55.94 

0.845 

0.806 

0.06 

0.2068 

0.01137 

0.01131 

54.67 

0.826 

0.808 

0.03 

0.2337 

0.01262 

0.01256 

53.72 

O.811 

0.814 

0.04 

0.2528 

0.01346 

0.01340 

53.00 

0.800 

0.810 

O.OI 

0.2734 

0.01436 

0.01429 

52.28 

0.789 

0.809 

0.02 

0.2954 

0.01529 

0.01522 

51.54 

0.778 

0.807 

0.07 

0.3153 

0.01613 

0.01606 

50.94 

0.769 

0.808 
Av.  0.810 

0.05 

per  liter  of  solution;  in  Col.  2  the  specific  conductivity  (X)  at  25®  * 
o.oi^  in  reciprocal  ohms;  m  Col.  3  the  specific  conductivity  (X0) 
corrected  for  the  conductivity  of  the  solvent;  in  Col.  4  the  equivalent 
conductivity  (X^)  calculated  from  the  corrected  specific  conductivity; 
in  CoL  5  the  degree  of  ionization  (a)  the  necessary  Xo  being  f<mad  as 
described  in  the  earlier  papers  of  this  series;  in  Col.  6  the  ionization 
constant  (K)  as  calculated  fr^m  the  equation  a*C/(i  —  a)  =  K;  in 
Col.  7  the  percentage  error  in  the  measured  specific  conductivity 
which  would  account  for  the  deviation  of  the  individual  values  of  K  from 


Tabls  in.— The  CoNDucTnoTY 

OP  Lithium  Formats 

1  Solution 

AT 

25*"  IN  Anhydrous  Formic  Aao. 

Cone. 

X. 

Xa. 

V 

a. 

K. 

%erroc. 

0 

64.72 

0.06709 

0.003978 

0.003917 

58.38 

0.902 

0.557 

O.OI 

0.09025 

0.005180 

0.005 116 

56.68 

0.876 

0.557 

0.00 

O.IO18 

0.005752 

0.005689 

55.86 

0.863 

0.554 

0.06 

0.1248 

0.006861 

0.006797 

54.46 

0.841 

0.557 

O.OI 

0.1438 

0.007737 

0.007673 

53  37 

0.825 

0.557 

O.OI 

0.1524 

0.00812c 

0.008061 

52.90 

0.817 

0.557 

O.OI 

0.1658 

0.008722 

0.008658 

52.21 

0.807 

0.558 

0.02 

0.1749 

0.009116 

0.009053 

51.77 

0.800 

0.559 

0.06 

0.1750 

0.009114 

0.009053 

51.73 

0.799 

0.557 

0.00 

O.1915 

0.00981 I 

0.009750 

50.92 

0.787 

0.556 

0.03 

O.1916 

0.009835 

0.009773 

50.95 

0.787 

0.559 

0.06 

0.2044 

0.01036 

0.01030 

50.38 

0.778 

0.559 

0.06 

0.2196 

0.01099 

0.01092 

49.73 

0.768 

0.559 

0.07 

0.2480 

0.01209 

0.01203 

48.51 

0.750 

0.556 

0.03 

0.2596 

0.01253 

0.01247 

48.01 

0.742 

[0.553I 

0.16 

0.3076 

0.01429 

0.01423 

46.24 

0.714 

Av., 

[0.550] 
•0.557 

0.30 

•  The  bracketed  values  were  not  used  in  obtaining  the  average  because  they  were 

obtained  from  solutions  so  concentrated  that  the 

mass  law  is  nc 

►  longer  obeyed. 
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the  avo^ge  value.  This  percentage  error  is  given  because  relatively 
large  deviations  in  the  constant  may  be  due  to  very  small  errors  in  the  con- 
ductivity, which  is  the  measured  quantity  showing  the  net  experimental 
error.  It  will  be  seen  that  in  every  case  this  error  is  less  than  o.  1%,  and 
is  in  nearly  all  cases  very  much  less. 

Method  of  Calctilation. 

By  the  use  of  the  constants  thus  determined  a  method  for  the  calcula- 
tion of  the  specific  conductivity  of  a  solution  of  a  mixture  of  any  two  of 
these  salts  (#.  g.,  sodium  and  potassium  formates)  was  developed  as  fol- 
lows: The  specific  conductivity  (X,„)  of  such  a  mixture  is  considered  the 
sum  of  the  specific  conductivity  (Xi)  of  the  first  salt  (sodium  formate), 
and  of  the  specific  conductivity  (Xj)  of  the  second  salt  (potassitmi  formate) ; 
or,  X,„  =  Xi  +  Xa.  Now,  in  general,  if  X  represents  the  equivalent  con- 
ductivity, X  the  specific  conductivity,  a  the  degree  of  ionization,  and  C 
the  concentration,  the  relation  holds  that  1000  X/C  =  X  =  aXo,  where 
Xo  is  the  equivalent  conductivity  at  infinite  dilution ;  or  it  may  be  written  in 
the  form 

1000  X  =  aXoC 

Consequentiy, 

1000  Xfn  =  aiX'oCi  +  ajX'oCj,  (i) 

in  the  right  hand  member  of  which  equation  the  first  term  gives  the  specific 
conductivity  of  one  of  the  salts,  and  the  second  term  that  of  the  other 
salt.^  It  may  be  noted  that  the  only  imknown  terms  in  this  equation 
are  the  respective  degrees  of  ionization  of  the  two  salts.  If  it  is  assumed 
for  the  present  that  one  of  these,  a2,  is  known  (the  method  of  finding  it 
will  be  discussed  later),  it  is  possible  to  find  an  expression  for  ai  in  terms 
of  ai  and  other  known  quantities  as  follows: 

Upon  the  basis  of  the  assumption  that  the  law  of  chemical  equilibrium 
is  obeyed  when  these  two  salts  containing  a  common  ion  are  {M-esent 
together  in  a  solution,  the  ionization  constants  Ki  and  K^  may  be  expressed 
thus,  respectively: 

ai(aiCi  -h  0L%C2)/{i  —  ai)  =  Ku  (2) 

CLt{aiCi  -f  aiC2)/{i  —  aj)  =  Kt^  (3) 

from  which,  dividing  (2)  by  (3),  we  obtain: 

a.=  ^^^ll^ (4) 

1  —  a2{l  —  Ki/K2) 

Since  Ki  and  K2  are  known  for  the  salts  in  question,  Equation  4  makes 
the  calculation  of  ai  very  simple  when  a^  is  known. 
Equation  3  may  be  written 

otiCi  +  aid  =  Ki{i  —  a^/at> 
^  Terms  with  subscript  i  refer  in  general  to  one  of  the  salts;  terms  with  subscript 
2  to  the  other. 
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Dividing  by  at  we  obtain 

Ci  +  Ciai/at  «=  K%{i  —  cti)/a%^.  (5) 

The  law  of  mass  action  reads 

atK/{i  —  at)  =  if,,   or   C  =  Kt{i  —  at)/at^.  (6) 

Now  it  is  self  evident  that  C  in  Equation  6  represents  a  concentration  of 
the  second  salt,  in  a  solution  containing  that  salt  only,  in  which  the  degree 
of  ionization,  o^,  is  the  same  as  it  is  in  the  mixture  of  the  two  salts  for  which 
Equation  5  holds.  Calling  this  concentration  C„  we  may  rewrite  Equa- 
tion 5 

Ct  +  Ciax/cn  =  Cg.  (7) 

In  order  to  use  the  equations  just  given,  we  now  calculate  for  a  series 
of  arbitrarily  chosen  values  of  at  the  corresponding  values  of  ai  and  C, 
by  use  of  Equations  4  and  6,  and  plot  ai/at  against  either  C,  or  at.*  The 
first  step  in  the  calculation  is  to  chose  a  value  for  C,  which  might  be  the 
one  in  which  the  ionization  of  the  second  salt  in  a  solution  of  that  salt 
only  is  the  same  as  it  is  in  the  mixture  for  which  the  calculation  is  to  be 
made.  In  order  to  test  the  correctness  of  this  value,  we  read  off  from 
the  plot  the  value  of  ai/ai,  corresponding  to  that  of  C,  which  has  been 
chosen,  and  from  the  known  values  of  Ci  and  Ct  calculate  the  numerical 
value  of  the  expression  d  +  Ciai/at.  If  this  is  equal  to  C,,  as  demanded 
by  Equation  7,  the  value  chosen  for  C,  is  correct;  if  it  is  not,  we  must 
choose  another  value  for  C,  and  continue  by  a  method  of  trial  imtil  the 
correct  value  is  obtained. 

This  method  of  calculation  may  be  illustrated  in  the  case  of  Expt.  14, 
Table  V.  The  sum  of  the  concentrations  of  the  two  salts  is  about  0.219. 
Since  this  is  not  all  potassiimi  formate  it  is  dear  that  a  solution  of  this  salt 
alone  in  which  the  concentration  is  somewhat  less  than  0.219  would  be 
ionized  to  the  same  extent  as  the  potassiiun  formate  in  the  mixture.* 
We  therefore  assume  for  C,,  the  value  0.21;  from  the  curve,  the  corre- 
sponding value  of  ai/at  is  o .  9532.  Now  G  and  Ci  in  this  experiment  were, 
respectively,  0.05699  and  0.1622,  whence  Ct  +  Ciai/at  =  0.2116,  a 
value  of  Cs  different  from  that  assumed.  Since  ai/ai  decreases  as  C, 
increases,  it  is  evident  that  a  higher  value  of  C,  must  be  assumed;  finally 
assuming  the  value  0.2115  for  C„  the  corresponding  ai/at  is  0.953  and 
Ct  +  Ciai/at  =  0.21156,  which  is  suflBcientiy  dose  to  0.2115  to  be  con- 
sidered identical.  From  the  second  plot  and  the  value  0.953  for  ai/at, 
we  now  find  that  at  is  o .  857,'  whence  ai  is  o .  8167.    We  can  now  use  these 

*  Other  combinations  could  be  used  for  these  plots,  but  the  two  mentioned  are 
the  most  convenient. 

•  Note  that  for  Cs  we  always  use  the  data  for  the  salt  of  greater  ionization  which 
is  the  second  salt  of  the  mixtures. 

■  From  the  value  o  .21 15  for  G  and  Equation  6  the  value  of  on  might  be  calculated 
but  the  use  of  the  second  curve  is  simpler. 


Digitized  by 


GooQle 


1926  H.   I.   SCHLESINGER  AND  F.   H.   REED. 

values  in  testing  the  experimental  data.  If  both  salts  in  the  mixture  obey 
the  mass  law  and  if  the  equivalent  conductances  of  none  of  the  ions  is 
^affected  by  the  other  ions  or  molecules  present,  the  specific  conductivity  of 
the  mixture  should,  according  to  Equation  i,  be  0.012 14,  whereas  ex- 
periment gave  0.01215. 

This  method  of  calculation^  has  proved  quite  simple  and  accurate.  All 
curves  were  plotted  to  such  scale  that  the  conductivities  of  the  mixed  solu- 
tions could  be  calculated  with  an  accuracy  as  great  as  that  of  the  meastu'e- 
ments. 

When  C\  =  Cj,  as  is  true  of  a  number  of  the  experiments,  the  calcula- 
tion can  be  somewhat  simplified,  as  in  this  case  Equation  2  becomes 
C  =  Ki{i  —  ai)/ai(ai  +  a,)-  (8) 

Table  IV  contains  the  data  used  in  constructing  the  curves  for  the  cal- 
culation of  the  conductivity  of  mixed  solutions.  It  will  be  understood 
from  the  foregoing  discussion  that  these  data  are  derived  from  the  ioniza- 
tion constants  given  in  the  preceding  section  of  this  paper  and  from  those 
given  by  Schlesinger  and  Mullinix^  in  the  case  of  the  alkaline  earth  for- 
mates and  therefore  are  in  no  way  dependent  on  the  values  found  for  the 
conductivities  of  the  mixed  solutions.  The  first  column  contains  the 
values  for  a%,  which  are  arbitrarily  chosen  at  uniform  intervals  and  which 
in  the  mixture  of  potassium  formate  with  sodium,  with  lithium  and  with 
strontiiun  formate,  refer  to  the  degree  of  ionization  of  the  potassiimi  salt. 
For  the  mixtures  of  strontium  formate  with  caldiun  formate,  aj  refers  to 
the  degree  of  ionization  of  strontiiun  formate.  The  next  5  columns  show 
the  corresponding  degree  of  ionization  of  the  other  salts,  as  calculated  by 
Equation  4.  In  order  to  make  dear  to  what  mixttu-e  each  set  of  data 
refers,  the  S)rmbols  a,,Na>  ai,u>  ^^sn  «i,Ca  have  been  used.  It  will  be 
noted  that  two  sets  of  values  of  a,,sr»  the  degree  of  ionization  of  strontiiun 
formate,  corresponding  to  the  values  for  potassiiun  formate  given  in  the 
first  coliunn,  are  to  be  found  in  Cols.  4  and  5 ;  the  significance  of  this 
will  be  explained  later.  Attention  may  be  called  to  the  fact  that  values 
of  ax  and  of  C„  corresponding  to  those  of  aa,  have  not  been  given  in  all 
cases — only  those  values  required  for  the  calculations  have  been  induded 
in  the  table.  Col.  7  gives  the  value  Cjc,  which  is  identical  with  C, 
of  Equation  7  when  potassium  formate  is  the  second  salt  of  the  mixture 
and  Col.  8,  the  value  of  Csr»  which  is  the  same  as  C,  when  the  second 
salt  of  the  mixture  is  strontium  formate.* 

^  Calculations  of  this  sort  have  been  made  in  aqueous  solutions  by  the  Lsohydric 
principle.  When  the  mass  law  is  supposed  to  be  obeyed,  the  isohydric  principle  in  the 
simple  form  is  applicable  only  to  those  cases  in  which  the  ionization  constants  are  very 
small — a  point  which  is  sometimes  overlooked. 

'  Loc.  cU. 

'  In  the  mixtures  of  strontium  and  potassium  formate  the  latter  is  considered 
the  second  salt. 
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Tabi<e  IV.— Data  for  thb  Cai^culation  of  thb  Conductivities  of 

Solutions  and 

Mixtures.* 

Of. 

«i.N». 

«i.U. 

«'i.Sr. 

«'i.Sr. 

«i,ai. 

C|C. 

CSr. 

0.670 

.... 

.... 

.... 

0.6255 

.... 

0.3767 

0.680 

.... 

.... 

.... 

0.6361 

0.3554 

0.690 

.... 

.... 

0.6468 

0.3344 

0.700 

.... 

.... 

.... 

0.6575 

0.3144 

0.710 



0.6682 

0.2955 

0.720 

.... 

0.6790 

0.2774 

0.730 

0.6898 

0.2602 

0.740 

.... 

0.7007 

0.2439 

0.750 

0.6052 

0.7116 

0.4845 

0.2283 

0.760 

o.6i8o 

0.7226 

0.4529 

0.2134 

0.770 

0.631 I 

.... 

0.7336 

0.4227 

0.1992 

0.780 

.... 

0.6443 

.... 

0.7448 

0.3942 

0.1857 

0.790 

0.7365 

0.6578 

0.6393 

0.7558 

0.3667 

0.1728 

0.800 

0.7483 

0.6715 

0.6534 

0.7669 

0.3406 

0.1605 

0.810 

0.7601 

0.6854 

0.6677 

0.7781 

0.3156 

0.1487 

0.820 

0.7720 

0.6995 

0.6822 

0.7894 

0.2918 

0.1375 

0.830 

0.7839 

0.7139 

0.5349 

0.6970 

0.8006 

0.2690 

0.1267 

0.840 

0.7960 

0.7285 

0.5530 

0.7I2I 

0.2472 

.... 

0.850 

0.8081 

0.7433 

0.5718 

0.7275 

0.2263 

0.860 

0.8203 

0.7584 

0.5914 

0.7432 

0.2063 

.... 

0.870 

0.8326 

0.7737 

0.6119 

0.7593 

0.1872 

.... 

0.880 

0.8449 

0.7893 

0.6334 

0.7755 

0.1689 

.... 

0.890 

0.8574 

0.6559 

0.7922 

0.I5I4 

.... 

0.900 

0.8699 

0.6795 

0.8092 

0.1346 

0.910 

0.8826 

0.7043 

0.8265 

O.I 184 

.... 

0.920 

0.8953  • 

0.7304 

.... 

0.1030 

.... 

0.930 

.... 

0.7578 

.... 

0.0882 

.... 

*  The  ionization  constants  used  in  the  calculation  of  the  data  in  this  table  are 
1.09,  0.810,  0.557,  0.514  and  0.422  for  potassium,  sodium,  lithitun,  strontium  and  cal- 
citim  formates,  respectively.  The  first  3  values  are  taken  from  the  first  section  of  this 
paper;  the  others  from  the  work  of  Schlesinger  and  Mullinix  (loc,  cit,).  The  values 
given  in  that  paper  are  slightly  different  from  those  used  here.  This  is  due  to  the  fact 
that  the  work  herein  reported  was  completed  before  that  of  Mullinix  and  consequently 
we  used  his  preliminary  values  for  the  constants  and  the  conductivity  at  zero  concen- 
tration of  the  two  alkaline  earth  formates.  A  recalculation  of  a  few  of  the  data  with 
the  final  values  has  shown  that  no  change  of  importance  is  introduced  into  the  results 
or  conclusions  and  as  the  calculations  require  a  great  deal  of  time  they  have  not  been 
repeated. 

Solutions  Containing  a  Mixture  of  Two  Uni-univalent  Salts. 
Table  V  gives  the  results  of  the  work  done  with  solutions  of  mixttu-es 
of  sodium  and  potassium  formates.  The  first  column  of  the  table  gives 
the  number  of  the  experiment  since  this  information  is  required  for  later 
reference,  and  Col.  9  shows  the  percentage  deviation  between  the 
specific  conductivities  Col.  7,  calculated  on  the  assumption  that 
the  mass  law  holds  in  the  solutions  of  the  mixtiwes  for  both  salts  by  the 
method  just  discussed,  and  the  experimentally  determined  specific  con- 
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ductivities  Col.  8.    The  meanings  of  the  headmgs  of  the  other  col- 
umns have  already  been  given. 

Table  V. — Tbm  Conductivity  op  Solutions  of  Mixtures  op  Sodium  and 
Potassium  Forbcatbs  in  Anhydrous  Formic  Acid  at  25**. 


Ezpt 

.  c 

Ci. 

Cm. 

oi. 

OS. 

Xcalc. 

X  found. 

%«ror. 

8 

0 .05288 

0.05288 

0.894 

0.919 

0.006481 

0.006492 

0.17 

9 

0 .05306 

0.05306 

0.894 

0.919 

0.006500 

0.006512 

0.19 

10 

0.06197 

0.06197 

0.880 

0.908 

0.007488 

0.007486 

0.02 

4 

0.07II3 

O.07114 

0.866 

0.897 

0.008475 

0 .008478 

0.03 

2 

0.08755 

0.08755 

0.843 

0.879 

O.OIOI9 

O.OIOI95 

0.06 

5 

O.IOI4 

O.IO14 

0.825 

0.864 

0. 01 158 

0. 01 159 

O.IO 

II 

0.2025 

0.I08I 

0.09941 

0.823 

0.862 

0. 01 179 

0. 01 178 

0.13 

14 

0.2115 

0.1622 

0.05699 

0.817 

0.857 

O.OI214 

O.OI215 

0.03 

7 

.... 

0.1076 

0.1076 

0.818 

0.858 

O.OI219 

O.OI219 

0.02 

12 

0.2188 

0.08522 

0.1377 

0.812 

0.853 

0.01268 

0.01269 

0.06 

13 

0.2381 

0.1493 

0.09645 

0.801 

0.844 

0.01353 

O.OI351 

0.22 

3 

.... 

O.I23I 

O.1231 

0.800 

0.843 

0.01367 

0.01369 

0.12 

6 



0.1304 

0.1304 

0.792 

0.837 

0.01436 

0.01440 

0.24 

16 

0.2645 

0.1344 

0.1375 

0.786 

0.832 

0.01489 

O.OI491 

0.15 

I 

.... 

0.1476 

0.1476 

0.775 

0.822 

0.01593 

0.01592 

0.06 

15 

.... 

0.1628 

0.1628 

0.761 

0.810 

0.01729 

0.01728 

0.05 

17 

0.1867 

0.1867 

0.739 

0.792 

0.01933 

0.01929 

0.22 

Similar  measm-ements  and  calculations  made  for  solutions  of  mixtures 
of  lithium  and  potassium  formates  are  presented  in  Table  VI.  It  is  of 
interest  to  note  that  the  mixtures  of  sodium  and  potassitun  formates  repre- 
sent a  case  in  which  the  ionization  constants  of  the  two  salts  (0.810  and 
1 .09,  respectively)  do  not  differ  very  greatly,  while  for  the  mixtures  of 
lithium  and  potassium  formates  the  difference  in  the  constants  (0.557 
and  1.09,  respectively)  is  much  greater. 

Table  VI. — ^Thb  Conductivity  of  Solutions  of  Mixtures  op  LirmuM 
and  Potassium  Formates  in  Anhydrous  Formic  Acid  at  25**. 


Bzpt. 

c,. 

Ci. 

Cu 

oi. 

cm. 

Xcalc. 

X  found. 

%error. 

2 

.... 

0.08933 

0.08932 

0.789 

0.880 

0.009976 

0.009981 

0.02 

6 

O.1821 

O.I2I6 

0.07373 

0.778 

0.873 

0 .01056 

0 .01056 

O.OI 

7 

.... 

0.1082 

0.1082 

0.761 

0.862 

0. 01 175 

0. 01 174 

0.04 

3 

.... 

O.II59 

O.1159 

0.750 

0.854 

0.01244 

0.01244 

0.02 

8 

O.I2I9 

O.1219 

0.742 

0.849 

0.01298 

0.01299 

0.06 

4 

0.2401 

0.2231 

0.04618 

0.733 

0.843 

0.01327 

0.01326 

O.Q5 

5 

0.2348 

0.075 1 1 

0.1694 

0.737 

0.846 

0.01346 

0.01346 

0.00 

I 

.... 

0.1374 

0.1374 

0.722 

0.836 

0.01434 

0.01434 

0.02 

9 

0.2801 

O.I6I8 

O.1415 

0.707 

0.825 

0.01545 

0.01544 

0.05 

13 

0.2631 

0.2241 

0.06986 

0.718 

0.833 

0.01442 

0.01439 

0.31 

II 

0.2860 

0.2266 

0.09227 

0.703 

0.822 

0.01554 

0.01549 

0.32 

14 

0.3124 

0.2002 

0.1428 

0.687 

o.Sii 

0.01689 

O.OI681 

0.46 

12 

0.3271 

0.2233 

0.1388 

0.679 

0.805 

0.01752 

O.OI741 

0.62 

It  will  be  seen  from  Table  V  that  the  experimentally  determined  con- 
ductivity of  solutions  containing  both  sodiiun  and  potassitun  formates 
agrees  extremely  well  with  the  value  calculated  on  the  assumption  that 
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the  mass  law  is  applicable  in  these  mixtures.  The  maximum  deviation 
is  0.24%,  which  can  easily  be  accounted  for  by  errors  less  than  o.i% 
in  the  conductivity  measurements  on  which  the  values  of  the  ionization 
constants  of  the  two  salts  were  based.  The  mixtures  of  lithium  and 
potassium  formates  show  an  even  better  agreement  as  inspection  of  the 
first  9  lines  of  Table  VI  shows,  the  maximum  deviation  being  only  0.06%. 
This  result  may  be  taken  as  fairly  definite  proof  that  the  agreement  be- 
tween the  demands  of  the  mass  law  and  the  actual  behavior  of  the  uni- 
univalent  formates  in  anhydrous  formic  add  solutions  is  a  real  and  not 
merely  an  apparent  one. 

The  last  4  measurements  shown  in  Table  VI  require  fiuiier  discussion. 
It  has  been  shown  in  an  earlier  paper^  of  this  series  that  the  agreement 
between  the  mass  law  and  the  behavior  of  the  alkali  formate  solutions 
ceases  when  fairly  high  concentrations  are  reached,  as  is  of  coiu-se  to  be 
expected.  It  was  thought  that  the  behavior  of  the  concentrated  mixed 
solutions  might  throw  some  light  on  the  question  of  concentrated  solu- 
tions in  general,  and  a  few  measiu-ements  were  therefore  made.  While 
this  part  of  the  work  has  merely  been  begun,  the  results  are  of  suflSdent 
interest  for  a  brief  discussion.  It  was  pointed  out  in  the  earlier  papers 
that  the  point  at  which  these  formates  begin  to  deviate  from  the  mass 
law  is  not  the  same  for  any  of  the  salts  investigated.  While  it  is  of  course 
impossible  to  determine  exactly  what  that  point  is,  it  may  be  stated  that, 
for  example,  the  lithium  formate  solutions  begin  to  deviate  from  the  law 
at  a  concentration  in  the  neighborhood  of  o .  25  iV;  with  potassium  formate, 
on  the  other  hand,  deviation  commences  only  above  0.40  AT.  It  seemed 
therefore  that  some  information  might  be  obtained  by  determining  ap- 
proximatdy  the  concentration  at  which  a  mixtiwe  of  these  two  salts 
would  begin  to  show  a  similar  deviation.  For  this  piuT)ose  the  last  4 
meastu'ements  fotmd  in  Table  VI  were  made  and  for  a  discussion  of  the 
results  Table  VII,  containing  measurements  taken  from  Tables  III  and 

VI  and  calculations  based  upon  them,  was  constructed.    Col.  i  of  Table 

VII  gives  the  number  of  the  meastu-ement  from  III  or  VI,  the  symbol 
Li  indicating  that  lithium  salt  alone  is  present,  the  symbol  Li-K  that  the 
measurement  is  for  a  mixture.  Col.  2  gives  the  total  concentration 
of  salt  dissolved;  Col.  3  that  of  the  undissodated  lithium  formate; 
Col.  4  that  of  the  lithium  ions;  Col.  5  that  of  the  undissodated  potassium 
fcTWtSitt;  Col.  6  that  of  the  potassium  ion;  Col.  7  that  of  the  formate  ion. 
Col.  8  the  total  concentration  of  undissodated  molecules;  Col.  9  the  total 
concentration  of  ions;  Col.  10  the  concentration  of  all  molecular  spedes, 
i.  e.,  ions  and  undissodated  molecules;  and  Col.  11  gives  the  percentage 
deviation  of  the  specific  conductivity  of  each  solution  from  the  demands 
of  the  mass  law. 

*  Schlesinger  and  Martin,  Loc,  cU, 
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TablS  VII. 

Cone.  Cone.  Cone.      Total       Total      Cone. 

Total  HCOOU   Cone.    HCOOK  Cone.     HCOO-   cone.       cone,     mols  + 
"BTpt,  cone.       undis.   Li  ■   ion.   undis.   K  ■   ion.     ion.         mols.       ions.       ions.         %  dev. 

5Li-K..  0.2445  0.0197  0.0554  0.0261  0.1433  0.1987  0.0458  0.3974  0.4432   0.00 

32  Li 0.2480  0.0620  0.1860  0.1860  0.0620  0.3720  0.4340  — 0.03 

33  Li. . .  .  0.2596  0.0670  0.1926  0.1926  0.0670  0.3852  0.4522  — 0.16 

4  Li-K. .  0.2693  0.0596  0.1635  0.0073  0.0389  0.2024  0.0669  0.4048  0.4717  — 0.05 

13  Li-K..  0.2940  0.0632  0.1609  0.0117  0.0582  0.2191  0.0749  0.4382  0.5831  — 0.31 
9  Li-K..  0.3033  0.0474  0.1 144  0.0248  0.1 167  0.231 1  0.0722  0.4622  0.5344  — 0.05 

14  Li. . . .  0.3076  0.0880  0.2196  0.2196  0.0880  0.4392  0.5272  — 0.30 

11  Li-K..  0.3189  0.0673  0.1593  0.0165  0.0758  0.2351  0.0838  0.4702  0.5540  — 0.32 
14  Li-K....  0.3430  0.0627  0.1375  0.0270  0.1158  0.2533  0.0897  0.5066  0.5963  — 0.46 

12  Li-K..  0.3621  0.0717  0.1516  0.0271  0.1117  0.2633  0.0988  0.5266  0.6254  — 0.62 

It  will  be  seen  from  the  table  that  the  total  concentration  of  dissolved 
substance  is  not  the  factor  which  determines  when  deviation  begins.  Nor 
is  it  the  total  amoimt  of  either  salt,  for  when  lithium  formate  is  alone 
present  the  concentration  of  the  first  solution  which  shows  decided  devia- 
tion is  o .  2596;  in  the  mixtures,  however,  a  solution  containing  only  o.  224 
moles  (i.  e.,  0.0632  moles  of  undissodated  and  o.  1609  moles  of  dissociated 
lithium  salt)  of  lithium  formate  is  already  deviating.  On  the  other  hand, 
a  solution  containing  in  a  mixture  almost  the  same  amount  of  this  salt, 
namely  0.223  moles  per  liter  (i.  e.,  0.0596  moles  of  undissodated  and 
0.1635  moles  of  dissodated  lithium  salt)  does  not  deviate.  If  now  the 
various  data  given  in  Table  VII  are  examined  in  this  way  it  will  be  seen 
that  of  all  the  various  factors  induded,  only  the  concentration  of  the  un- 
dissodated Uthium  formate  shows  any  parallelism  with  the  deviations  of 
the  concentrated  solutions.  Thus,  it  seems  that  no  matter  whether  there 
is  potassium  formate  present  or  not,  no  matter  what  the  total  number  of 
molecules  or  of  ions,  no  matter  what  the  number  of  the  3  kinds  of  ions  pres- 
ent, deviation  from  the  mass  law  occurs  when  the  wider  concentration 
of  the  undissodated  lithium  formate  is  above  0.062.^  We  may  therefore 
tentativdy  condude  that  in  the  more  concentrated  solutions  the  devia- 
tion is  essentially  due  to  a  deviation  from  the  mass  law  in  the  behavior 
of  the  imdissodated  molecules,  or  at  least  due  to  some  factor  which  is 
proportional  to  the  concentration  of  the  undissodated  molecules.* 

Solutions  Containing  Either  One  Uni-univalent  and  One  Uni-bivalent 
or  Two  Uni-bivalent  Formates. 
In  an  earlier  paper  of  this  series,*  the  peculiar  behavior  of  the  for- 
mates of  the  alkaline  earth  metals  was  pointed  out.    These  salts,  although 
they  are  tmi-bivalent,  appear  to  be  judged  by  the  conductivities  of  their 

•  Any  deviation  less  than  0.1%  is  considered  due  to  experimental  error. 

•  It  should  be  noted  that  in  the  concentrated  solutions  the  conductivity,  and  there- 
fore the  degree  of  ionization,  are  smaller  than  demanded  by  the  mass  laws. 

•  Schlesinger  and  Mullinix,  Loc.  cit. 
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solutions,  to  obey  the  mass  law  as  derived  for  uni-univalent  salts 
within  a  range  of  concentration  from  about  o .  i  to  o .  35  equivalent.  Above 
the  upper  limit  named  they  behave  in  the  manner  characteristic  of  the 
behavior  of  the  alkali  metal  formates;*  below  the  lower  limit,  however, 
there  is  a  deviation  which  corresponds  to  a  greater  ionization  than  is  to 
be  expected  from  the  law  obeyed  in  the  middle  range  of  concentration. 
It  was  pointed  out  that  the  behavior  of  these  salts  might  be  taken  to  in- 
dicate that  they  ionize  in  moderate  concentrations  into  two  ions  only — 
i.  e.,  into  formate  and  an  alkali  metal  formate  ion — and  that  only  in  quite 
dilute  solutions  does  ionization  into  the  simple  ions  take  place.  Tliere 
were,  however,  reasons  for  doubting  the  correctness  of  this  conclusion, 
and  it  was  therefore  also  suggested  that  the  apparent  agreement  with  the 
law  for  tmi-univalent  salts  in  the  moderate  concentrations  might  be  due 
to  a  cancellation  of  two  deviations  in  opposite  directions — ^namely  the 
deviation  noted  in  concentrated  and  that  noted  in  dilute  solutions.  In 
order  to  gain  ftuther  light  on  this  question  the  behavior  of  mixtures  con- 
taining these  salts  was  studied. 

In  calculating  the  conductivities  which  would  be  exhibited  by  mix- 
tures, for  example,  of  potassitun  and  strontium  formates  from  the  con- 
stants given  in  this  paper  and  the  preceding  one  of  this  series  a  number 
of  points  must  be  borne  in  mind.  Let  us  assume,  first,  that  both  salts 
ionize  into  two  ions  only.  In  this  case  the  ionization  constant  for  the 
strontium  salt  given  by  Schlesinger  and  Mullinix*  cannot  be  directly 
used  in  the  equations  developed  above  for  the  calculation  of  the  value 
of  the  conductivities  of  the  mixed  solutions  from  the  ionization  constants, 
since  in  calculating  the  constant  for  strontium  formate  the  concentra- 
tions were  expressed  in  gram  equivalents  per  liter.  For  use  in  the  mass 
law  the  concentrations  should  be  in  moles.  By  following  out  the  line  of 
reasoning  empk>yed  in  deriving  the  equations  for  the  mixtures  containing 
only  tmi-univalent  salts  in  the  case  now  under  consideration,  it  can  be 
shown  that  the  same  equations  can  be  used,  if  instead  of  using  the  con- 
stant given  by  Schlesinger  and  Mullinix  we  divide  this  constant  by  two 
and  express  the  concentrations  of  the  strontium  salt  in  terms  of  gram 
equivalents.  It  is  possible,  however,  to  make  another  assumption  with 
regard  to  the  mode  of  ionization  of  the  strontium  salt,  namely,  that  it 
breaks  up  into  strontium  ion  and  two  forma;te  ions  but  that  it  neverthe- 
less follows  the  equation  of  the  mass  law  which  is  applicable  when  there 
are  only  two  ions  formed.  The  calculation  of  the  conductivities  of  the 
mixttu'es  of  potassium  and  strontium  formates  on  this  assumption  can 
be  shown  to  be  exactly  like  the  calculations  made  for  the  mixtures  con- 
taining only  alkali  metal  formates,  provided  the  ionization  constant  for 
*  See  the  second  paper  of  the  series,  Loc.  cit. 
*Loc,cU. 


Digitized  by 


GooQle 


X932 


H.   I.   SCHLESINGER  AND  P.   H.  RBHD. 


the  strontium  salt  as  given  by  Schlesinger  and  MuUinix  is  used  and  tbe 
concentrations  are  again  expressed  in  gram  equivalents  per  liter.  In 
order  to  make  the  calculations  on  each  of  these  assumptions,  two  sets  of 
values  for  ai  had  to  be  calculated  and  two  plots  had  to  be  made.  The 
values  calculated  for  the  first  assumption  are  called  a,',sr  in  Table  IV 
and  those  for  the  second  assumption,  a,'sr-  The  comparison  of  the 
calculated  value  for  the  conductivity  of  the  mixtures  with  the  value 
found  by  experiment  is  made  in  Tables  Villa  and  VIII6.  Table  Villa 
contains  the  data  for  the  calculation  on  the  basis  of  the  first  asstunption 
and  Vlllfe  those  for  the  calculation  on  the  second  assumption.  Inspec- 
tion of  the  tables  shows  that  neither  of  the  calculated  values  agrees  at 
all  with  the  conductivities  found.  In  order  to  make  sure  that  this  re- 
sult is  not  due  to  an  error  in  the  value  of  the  constant  for  the  strontitun 
formate  or  to  some  other  cause  peculiar  to  the  strontium  salt,  the  con- 
ductivites  of  a  few  mixtiwes  of  potassium  formate  and  calcium  formate 
were  measiued,  but  as  the  results  were  exactly  similar  to  those  with  the 
strontium  salts  they  have  not  been  included.  In  Table  IX  data  and  cal- 
culations for  mixtures  of  calcium  and  strontium  formates  are  given.  It 
can  be  shown  that  the  method  of  calculation  to  be  used  for  this  case  is 
the  same  as  that  used  for  mixtiu-es  of  imi-univalent  salts  on  either  of  the 

Tablb  VIII.— -The  Conductivity  op  Solutions  of  Mixtures  op  Strontium  and 

Potassium  Formatbs  in  Anhydrous  Formic  Acid  at  25**. 

Table  Villa. 


c,. 

Ci. 

Ct. 

«n. 

Of. 

Xcalc* 

Xfooad. 

%deT. 

0.09193 

0.06565 

0.06536 

0.751 

0.927 

0.006973 

0.007043 

I.O 

0.1042 

0.07530 

0.07433 

0.728 

0.919 

0.007818 

0.007939 

1.5 

0.II72 

0.1224 

0.06969 

0.706 

O.911 

0.009278 

0.009413 

1.5 

0.1225 

0.09025 

0.08777 

0.698 

0.908 

0.009062 

0.009140 

0.9 

0.1339 

0.2526 

0.03843 

0.681 

0.900 

O.O1213 

0.01229 

1.3 

O.I554 

0.06337 

0.1322 

0.651 

0.888 

0.01042 

0 .01057 

1.5 

0.1555 

0.1580 

0.09763 

0.650 

0.888 

0. 01 180 

0.01200 

1.7 

0.1604 

0.1 162 

0.II8I 

0.644 

0.885 

0. 01 145 

O.OII66 

1.8 

0.2348 

0.1947 

0.1699 

0.564 

0.846 

O.OI613 

Q. 01652 

2.4 

Tablb  VIII6. 

0.1248 

0.06565 

0.06536 

0.820 

0.906 

0.007134 

0.007043 

1.3 

0.1417 

0.07530 

0.07433 

0.802 

0.896 

0.008013 

0.007939 

0.9 

0.1674 

0.09025 

0.08777 

0.777 

0.881 

0 .009305 

0.009140 

i.S 

0.1771 

0.1224 

0.06969 

0.768 

0.875 

0.009538 

0.009413 

1.3 

0.1875 

0.06337 

0.1322 

0.759 

0.870 

0.01065 

0.01057 

0-7 

0.2179 

0.1162 

0.II8I 

0.734 

0.854 

0.01178 

0. 01 166 

I.I 

0.2325 

0.1580 

0.09763 

0.723 

0.847 

O.01217 

0.01200 

1.4 

0.2521 

0.2526 

0.03843 

0.709 

0.838 

0.01234 

0.01229 

0.6 

0.3296 

0.1947 

0.1699 

0.661 

0.805 

0.01673 

0.01652 

1.3 

•  The  values  of  the  equivalent  conductivity  and  infinite  dilution  used  in  obtaining 
these  values  of  Xcalc.  are  68.92  and  56.72  for  the  potassium  and  the  strontium 
formate,  respectivelv. 
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two  assumptions  made  above  and  that  the  concentrations  may  for  either 
case  be  expressed  in  equivalents,  as  was  done  in  the  original  paper  of 
Scfaksinger  and  Mullinix,  and  that  the  values  of  the  constants  given  by 
them  are  to  be  employed.  The  "second"  salt  of  the  mixture,  that  of 
higher  degree  of  ionization,  is  in  this  case  strontitmi  formate  and  the 
subscript  i  therefore  refers  to  the  caldiun  and  the  subscript  2  to  the 
strontium  salt.  The  calculated  values  again  fail  to  agree  with  the  experi- 
mental ones.  It  is  dear  that  ndther  of  the  assumptions  made  above 
represents  correctly  the  behavior  of  these  salts.  It  is  Ukdy,  therefore, 
that  both  modes  of  ionization  occur — i.  e.,  into  intermediate  ions  and  into 
the  simple  ions,  but  this  point  is  not  yet  considered  established.^ 

Table  IX. — ^Thb  Conductivity  of  Solutions  of  Mixtures  of  Calcium  and 
Strontium  Formates  in  Anhydrous  Formic  Acid  at  25®. 

No.                           Cs.  Cu                 Ct,  ax.  oi.  X  calc.«  X  found.  %dev. 

10 0.1343  0.06482  0.07183     0.793  0.823  0.006177  0.006139  0.61 

8 0.1727  0.08953  0.08701  0.756  0.790  0.007618  0.007569  0.64 

9 0.1905  0.09815  0.09685  0.741  0.776  0.008261  0.008224  0.44 

3 0.2143  0.1254  0.09512  0.722  0.759  0.009071  0.009042  0.32 

7 0.2258  O.II76  O.II41  0.713  0.752  0.009470  0.009433  0.39 

2 0.2802  0.1494  0.1394  0.677  0.718  O.01124  0. 01 119  0.49 

6 0.2821  0.1485  0.1421  0.676  0.717  0.01130  0.01125  0.42 

1 0.2892  0.1792  0.1204  0.672  0.713  0.01149  0.01144  0.44 

5 0.1617  0.1617  0.658  0.700  0.01227  0.01222  0.41 

4 0.3299  0.1834  0.1579  0.649  0.692  0.01274  0.01269  0.42 

II 0.3441  0.1812  0.1745  0.642  0.685  0.01317  0.01308  0.71 

12 0.3714  0.1950  0.1893  0.628  0.673  0.01395  0.01386.  0.64 

•  The  value  used  for  the  equivalent  conductivity  of  calcium  formate  at  infinite 

dilution  is  54.94.     For  strontium  formate  that  given  for  Table  IX  was  used. 

Summary. 

1.  A  method  of  calculating  from  the  ionization  constants  the  degree  of 
ionization  of  each  of  two  salts  containing  a  common  ion,  when  the  two 
salts  are  both  present  in  solution,  has  been  developed  for  the  case  in  which 
both  salts  obey  the  mass  law. 

2.  It  has  been  found  that  in  solutions  of  mixtures  of  sodium  and  potas- 
ahim  formates,  as  well  as  of  lithium  and  potassiiun  formates,  the  mass 
law  is  obeyed  by  both  of  the  highly  ionized  salts  present.  On  the  other 
hand,  solutions  of  mixtures  containing  as  one,  or  as  both  of  the  salts, 
alkaline  earth  formates  do  not  conform  to  the  law,  although  these  uni- 
bivalent  salts  when  in  solution  alone  seem  to  follow  the  law  over  a  cer- 
tain range  of  concentration.  This  seems  to  make  it  quite  certain  that  when- 
ever the  agreement  of  the  salt  with  the  law  is  merely  an  accidental  one,  solu- 
tions of  mixtures  containing  such  a  salt  will  not  obey  this  law.  Hence  we 
may  conclude  quite  definitely  thai  the  agreement  between  the  behavior  of  the 

'  Further  evidence  is  presented  in  the  seventh  paper  of  this  series,  which  follows. 
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alkaline  metal  formates,  in  anhydrous  formic  add  solutions,  and  the  demands 
of  the  mass  law  is  a  real,  and  not  an  accidental  one, 

3.  As  is  to  be  expected,  when  the  total  concentration  of  mixed  solu- 
tions becomes  relatively  great,  deviation  from  the  mass  law  occurs  also 
in  the  solutions  which  contain  only  tmi-univalent  formates.  It  has  been 
found  that  this  deviation  seems  to  begin  when  the  concentration  of  the 
undissodated  molecules  of  one  of  the  salts  reaches  the  same  value  as  that 
at  which  deviation  begins  in  the  solution  of  that  salt  by  itself.  This  seems 
to  be  independent  of  the  concentration  of  the  other  molecular  spedes 
present  and  to  indicate  that  in  the  concentrated  solutions  it  is  the  un- 
dissodated molecules  and  not  the  ions  which  cause  deviation  from  the 
mass  law  or  at  least  that  the  undissodated  molecules  cause  deviation  at 
lower  concentrations  than  do  the  ions.^ 

CmcAoo,  Ili*. 


[Contribution  from  this  Kent  Chemicai*  Laboratory  of  the  University  of 

Chicago.] 

STUDffiS  IN  CONDUCTIVITY.    Vn.  TRANSFERENCE  NUMBERS 

OF  THE  FORMATES  OF  SODIUM,  POTASSIUM  AND 

CALCIUM  IN  ANHYDROUS  FORMIC  ACID. 

By  H.  I.  Schi^esinger  and  E.  N.  Bunting.' 

Received  July  28,  1919. 

The  work  of  the  preceding  papers  of  this  series,*  particulary  that  of 
the  sixth  one,  has  proved  that  the  agreement  in  the  behavior  of  the  for- 
mates of  the  alkali  metals,  when  dissolved  in  formic  add,  with  the  de- 
mands of  the  mass  law,  is  a  real  and  not  an  accidental  one  so  far  as  it  is 
possible  to  establish  this  conclusion  by  the  use  of  conductivity  data  alone. 
The  only  weakness  in  the  argument  lies  in  the  fact  that  from  the  conduc- 
tivity data  two  constants  must  be  calculated  for  each  salt — ^the  ioniza- 
tion constant  and  the  conductivity  at  infinite  dilution,  the  latter  of  which 
must  be  obtained  by  extrapolation.  If,  however,  we  assume  that  the  con- 
ductivity at  infinite  dilution  obtained  in  this  way  for  one  of  the  salts  is 
correct,  we  can  calculate  from  this  value  and  the  transference  numbers 
of  this  and  the  other  salts  the  conductivity  at  infinite  dilution  for  those 

1  It  must  be  recalled  that  the  deviation  herein  referred  to  is  of  a  different  type 
from  that  commonly  known  in  moderately  dilute  aqueous  solutions  of  strong  electrolytes 
(see  the  second  paper  of  the  series)  in  which  the  undissodated  molecules  are  likewise 
frequently  believed  to  be  the  deviating  species. 

*  The  work  herein  reported  has  been  presented  to  the  Faculty  of  the  Ogden  Grad- 
uate School  of  Science  of  the  University  of  Chicago  by  E.  N.  Bunting  in  partial  fulfill- 
ment of  the  requirements  for  the  degree  of  Doctor  of  Philosophy.  The  work  was  com- 
pleted in  the  stmimer  of  191 8. 

»  Schlesinger  and  collaborators,  Tras  Journal,  33,  1924  (191 1);  36,  1589  (1914); 
38,  271  (1916);  41,  72,  1727,  1921  (1919). 
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salts  without  the  use  of  conductivity  data  or  extrapolation.  By  carrying 
out  measurements  of  transference  numbers  we  have  in  the  work  reported 
in  this  paper  finally  confirmed  the  conclusion  mentioned  above.  ^  We 
have  included  also  measurements  of  the  transference  ntunber  of  caldtun 
formate  in  order  to  gain  ftuther  information  concerning  the  alkaline  earth 
formates  which,  as  has  been  shown  in  the  fourth  paper  of  the  series,  dis- 
play an  anomolous  behavior.  In  addition  to  establishing  the  points 
mentioned  above,  this  work  has  resulted  in  data  which  it  is  hoped  will 
be  of  aid  in  shedding  light  on  the  problem  of  the  solvation  of  ions. 

The  analysis  of  formic  add  solutions  of  the  alkali  metal  formates  by 
the  usual  methods  with  the  degree  of  accuracy  required  for  even  fairly 
reliable  measurements  of  transport  numbers,  presents  difficulties  which 
it  seemed  unlikdy  that  we  would  overcome  readily.  It  was  therefore 
dedded  that  the  most  convenient  and  most  accurate  method  would  be 
found  in  measurement  of  the  conductivity  of  the  solutions  before  and 
after  the  dectrolysis.  Before  carrying  this  plan  into  effect  it  was  neces- 
sary, however,  to  make  sure  that  no  products  are  formed  at  the  dectrodes 
during  dectrolysis  which  might  influence  the  conductivity.  Solutions 
of  the  3  salts  for  which  transport  numbers  were  to  be  determined  were 
therefore  separatdy  dectrolyzed  between  platinum  dectrodes,  the  quan- 
tity of  current  used  was  measured  by  a  silver  coulometer  and  the  gaseous 
products  were  analyzed.  The  hydrogen  given  off  at  the  cathode  was 
fotmd  to  correspond  to  a  100%  yidd  according  to  the  dectrolytic  equa- 
tion 

2Na+  +  20  +  2HCOOH  — >  2HC00Na  +  H,. 
At  the  anode  the  amount  of  carbon  dioxide  given  off  was  found  to  corre- 
spond to  97%  of  that  calculated  on  the  basis  of  the  equation 

2COOH-  +  20  — ^  CO,  +  HCOOH. 
Carbon  dioxide  is  extremdy  soluble  in  formic  add  and,  while  the  dec- 
trolysis was  run  for  a  considerable  length  of  time  before  beginning  the 
meastu-ements  in  order  to  saturate  the  solution,  it  is  possible  that  some 
carbon  dioxide  was  lost  on  this  account.  It  is  more  likdy,  however,  that 
some  carbon  monoxide  and  some  oxygen  may  have  been  formed  at  the 
anode  by  secondary  reactions  as  has  been  reported  by  Hopfgartner.* 
It  is  therdore  dear  that  at  the  cathode  no  new  ions  or  other  products 
which  might  affect  the  conductivity  are  formed.  At  the  anode  the  pro- 
duction of  carbon  monoxide  is  in  all  likdihood  accompanied  by  the  forma- 
tion of  water  according  to  the  equation 

*  It  was  our  intention  to  compare  the  transference  numbers  obtained  by  the  Hittorf 
method  with  those  obtained  from  concentration  cells,  but  the  latter  p^  of  this  pro- 
gram was  interrupted  by  duties  arising  out  of  the  war. 

'  Monatsk.,  32, 523  (191 1).  No  data  on  the  current  3ridds  are  given  in  this  paper. 
This  work,  however,  made  it  unnecessary  to  investigate  the  products  fiu*thcr. 
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2COOH-  +  20  — ^  CO  +  CO2  +  H,0. 
The  amount  of  water  formed  in  this  way  is  apparently  too  small  to  affect 
the  results  except  perhaps  in  the  most  concentrated  solutions.  It  was  also 
feared  that  the  great  solubility  of  the  carbon  dioxide  in  the  solutions 
might  result  in  a  change  of  the  conductivity  but  experiments  showed  that 
neither  the  conductivity  of  the  pure  add  nor  that  of  the  salt  solutions 
was  appreciably  affected  by  saturating  with  the  dry  gas.  The  con- 
ductivity method  of  analysis  was  several  times  checked  by  gravimetric 
analysis  of  the  solutions  after  electrolysis  and  the  two  methods  gave  the 
same  results  within  the  Umit  of  analytical  error. 

The  transport  cell  employed,^  of  the  usual  W  t3rpe  with  an  inlet  for  fill- 
ing at  the  top  of  the  middle  bend,  had  a  capacity  of  about  200  cc.,  the 
colimm  of  liquid  was  about  70  cm.  in  length;  the  electrodes  were  of 
platinum  foil  about  3  sq.  cm.  in  area,  and  the  current  used  was  0.03-0.05 
amperes.  It  could  be  nm  from  4  to  5  hours  without  appreciably  changing 
the  middle  portion.  The  ordinary  form  of  Qoulometer,  consisting  of  a 
platiniun  dish,  15%  silver  nitrate  solution  and  a  silver  disk  anode  wrapped 
in  filter  paper,  was  used;  this  form  has  been  shown  to  be  accurate  within 
Q.05%. 

The  method  of  making  a  transference  run  was  as  follows :  The  apparatus 
containing  about  200  cc.  of  a  solution  of  known  concentration  was  im- 
mersed in  a  thermostat  at  25.00**  =*=  o.oi**  and  the  cturent  was  passed 
through  the  solution  for  4  to  5  houts,  depending  on  the  concentration. 
The  conductivity  of  the  solution  was  measiu-ed  before  any  of  it  was  sub- 
jected to  electrolysis  and  also  at  the  end  of  the  run.  For  this  latter  pur- 
pose 15  cc.  was  removed  from  the  mid-portion  through  the  opening  in 
the  apparatus  provided  for  this  piu^wse.  In  general  the  conductivity 
of  the  mid-portion  remained  unchanged  or  changed  by  less  than  0.1%; 
nms  in  which  the  difference  was  greater  were  rejected  and  are  not  included 
in  the  tables  given  below.  At  the  dose  of  the  run,  50  cc.  was  withdrawn 
from  both  the  cathode  and  the  anode  portion  by  means  of  a  pipet  and 
transferred  to  two  glass  stoppered  bottles  in  which  the  contents  of  each 
could  be  thoroughly  mixed  by  shaking.  After  this  the  conductivity  of 
each  solution  was  measured.  As  a  result  of  the  withdrawal  of  solution 
from  the  ends  of  the  columns,  the  latter  had  of  com-se  separated  in  the 
middle  and  had  become  divided  into  two  parts,  which  may  be  called  the 

^  The  first  cell  made  had  electrodes  of  platinum  deposited  on  the  glass  at  various 
points  within  the  cell  in  order  that  the  conductivity  of  the  solutions  might  be  mea- 
sured at  various  distances  from  the  electrodes  without  removing  the  solution  from  the 
cell.  While  these  electrodes  were  very  small,  local  electrolysis  nevertheless  occurrwi 
and  the  resulting  evolution  of  gas  stirred  up  the  solution.  On  this  account  and  because 
the  method  of  pipetting  out  a  portion  of  the  liquid  proved  satisfactory  the  scheme  was 
abandoned.  We  now  believe,  however,  that  this  plan  can  be  carried  out  and  that  it 
would  lead  to  acciu^te  results,  if  successful. 
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sub-anode  and  the  sub-cathode  portions;  these  portions  were  run  into 
bottles,  and  weighed,  and  their  conductivities  meastired  after  each  was 
thoroughly  shaken.^  After  the  removal  of  these  various  portions  of  solu- 
tion from  the  cell,  the  latter  was  weighed  in  order  to  detemuAe  how  much 
of  the  solution  remained.  This  quantity  of  solution,  usually  from  0.3 
to  0.4  cc.,  was  assumed  to  be  equally  divided  between  anode  and  cathode 
portion  and  was  added  to  the  two  portions  in  this  way  in  the  calculations. 
It  was  shown  by  experiment  and  by  calculation  that  the  amount  of  liquid 
lost  dtuing  electrolysis  by  volatilization  and  spraying  of  the  solution  at 
the  electrodes  was  small  enough  to  be  negligible. 

As  has  been  pointed  out,  the  conductivity  was  used  to  determined  the 
concentrations  of  the  various  portions  of  the  solution  after  electrolysis. 
For  this  piUT)ose  equations  based  on  the  data  of  Schlesinger  and  Reed* 
and  of  Schlesinger  and  Mullinix'  were  used.  For  the  soditun  formate 
solutions  the  equation  is: 

i/X  =  0.01510  +  0.2815X,* 
for  the  potassium  formate 

i/\  «  0.01451  +  0.1936X, 
and  for  calcium  formate, 

i/X  =  0.018185  +  0.7818X, 
where  X  is  the  equivalent  conductivity,  xi  the  specific  conductivity  in 
reciprocal  ohms  corrected  for  the  conductivity  of  the  solvent.  The  first 
constant  is  i/X©,  t.  e.,  the  reciprocal  of  the  conductivity  at  infinite  dilu- 
tion as  determined  by  the  method  described  in  the  earlier  papers  of  this 
series ;  and  the  second  constant  is  equal  to  the  fraction  looo/ATX^o ,  in  which 
K  is  the  ionization  constant.  From  the  value  of  X  obtained  by  the  use 
of  these  equations  and  oiu*  experimental  data  the  concentration  in  equiva- 
lents was  directly  calculated.  The  specific  conductivities  were  measured 
in  the  cells  and  by  the  methods  described  in  the  fifth  paper  of  this  series. 
The  densities  of  the  solutions  which  were  needed  for  the  calculations  could 
be  found  from  the  concentrations  by  means  of  equations  of  the  type: 

D  ^  A+BC, 
in  which  A  and  B  are  constants,  D  is  the  density  of  the  solutions  and  C 
the  concentration.    The  values  for  B  for  sodium,  potassiiun  and  calcium 
formate  solutions,  respectively,  are  0.036,  0.041  and  0.038  at  25*^  and 

^  In  a  number  of  experiments  no  liquid  was  withdrawn  by  pipet  from  the  anode 
and  cathode  portions,  but  the  whole  of  each  was  collected  m  bottles,  as  were  the  por- 
tions described  as  sub-anode  and  sub-cathode  portions  above. 

*Tms  JoxTRNAL,  33»  6445  (1911). 

'  See  the  fourth  paper  of  this  series,  Loc.  cU. 

^  Equations  of  this  t3rpe  represent  a  form  of  the  Ostwald  dilution  law.  See  the 
second  paper  of  this  series. 
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the  constant  A  is  the  density  of  the  pure  add,  1.2 142.  The  values  of 
these  constants  were  determined  by  a  series  of  density  determinatioos 
and  reproduce  the  densities  of  the  solutions  within  0.05%,  which  is  ample 
for  the  present  piUT>ose. 

In  order  to  avoid  the  necessity  of  tabulating  all  of  the  data  reqtiired 
for  the  calculations  and  thus  making  the  tables  unduly  long,  the  method 
of  calculating  the  transference  numbers  wUl  be  illustrated  in  the  following: 
In  one  of  the  runs  on  potassium  formate  the  conductivity  of  the  original  solutioii. 
corrected  for  the  conductivity  of  the  solvent  was  0.011871   reciprocal  ohm;  the  con- 
ductivity of  the  mid-portion  at  the  close  of  the  nm  was  the  same.    The  conductivities 
of  the  cathode  and  sub-cathode  portions  were,  respectively,  0.0136 14  and  0.012642, 
whence  the  concentrations  of  the  original  solution  of  the  cathode  and  of  the  sub-cathode 
portions  are  calculated  to  be,  respectively,  0.19953,  0.23343  and  0.21439;  the  correspond- 
ing densities  are  i  .22238,  i  .22377  and  1.22299.    The  volume  of  the  cathode  portion  was 
50  cc. ;  from  the  concentration  and  density  just  given  we  find  that  it  contained  60.207 
g.  of  formic  acid  and  0.011672  gram  equivalents  of  potassimn  formate.    The  weight 
of  the  sub-cathode  portion  was  31.370  g.     From  the  concentration  and  density  of  this 
portion  we  find  that  it  contained  30.907  g.  of  the  add  and  0.005499  gram  equivalents 
of  the  salt.    The  total  weight  of  the  solvent  in  the  cathode  portion  was  therefore  91 .1 14 
g.  and  the  total  weight  of  the  salt  was  0.017 171  gram  equivalents.    As  a  result  of  elec- 
trolysis, however,  some  of  the  add  in  the  cathode  portion  is  decomposed.     In  the  run 
under  discussion  0.007832  Faraday  was  passed  through  the  solution.     From  the  equa- 
tion 2K+  -+-  2HCOOH  +  2©  =  2HCOOK  +  Hj  we  calculated  the  amount  of  add  de- 
composed to  be  0.007832  X  46.01  =  0.360  gram.     The  original  wdght  of  the  solvent 
in  the  cathode  portion  was  therefore  91 .475  g.     From  the  concentration  and  the  density 
of  the  original  solution  we  find  that  this  weight  of  solvent  had  contained  0.015 140 
gram  equivalents  of  the  salt  before  dectrolysis.     The  amoimt  of  potassium  transferred 
was  then  0.017 171  — 0.015 140  or  0.002031  equivalents.     This  niunber  divided  by  the 
number  of  Faradays  which  caused  the  transference  is  the  transference  number  of  the 
potassium  ion.     The  number  of  Faradays  is  equal  to  the  number  of  equivalents  of 
silver,  G,  deposited  in  the  coulometer  if  a  correction  for  the  current  carried  by 
the  solvent  is  made.    This  is  done  by  multiplying  the  quantity  G  by  a  fractioo 
obtained  by  dividing  the  conductivity  of  the  solution  corrected  in  the  usual  way 
for  the  conductivity  of  the  solvent  by  the  uncorrected  conductivity  of  the  solu- 
tion.   The  transference  number  can  of  course  also  be  calculated  from  the  loss  of 
potassimn  at  the  anode.    The  calculation  is  like  that  described  except  for  one  point 
At  the  anode,  as  a  result  of  the  reaction  2COOH-  +  20  =  HCOOH  +  COt,  Vj  equiva- 
lent of  formic  acid  is  produced  per  Faraday  of  dectridty.     The  amount  of  add  cal- 
culated from  this  equation  must  therefore  be  subtracted  from  the  weight  of  the  sdvem 
contained  in  the  anode  portion  at  the  dose  of  the  run.     Since  the  reaction  at  the  anode 
does  not  proceed  quite  quantitativdy  according  to  the  equation  given,  as  has  been 
shown  above,  the  results  at  the  cathode  may  be  more  reliable,  but  the  data  on  sodium 
formate  show  that  in  moderately  concentrated  solutions  the  effect  b  negligible.    Hadi 
of  the  determinations  was  subjected  to  3  tests  to  check  its  reliability:  first,  the  closeness 
of  agreement  between  the  results  obtained  at  the  anode  and  those  at  the  cathode; 
second,  the  constancy  of  the  conductivity  of  the  mid-portion;  third,  the  sum  of  the 
amotmts  of  salt  contained  in  all  of  the  portions  analyzed  at  the  dose  of  dectrolysis 
had  to  be  within  0.1%  of  the  total  amount  of  salt  originally  put  into  the  apparatus. 
Runs  which  did  not  satisfy  these  requirements  are,  with  but  one  or  two  ezceptimiSr  not 
induded  in  the  tables. 
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Tables  I,  II  and  III,  which  contain  the  data  for  the  experiments  on  the 
transference  numbers  of  soditmi,  potassiiun  and  calcium  formates,  re- 
spectively, are  arranged  as  follows:  Under  C  is  the  original  concentra- 
tion in  gram  equivalents  per  liter ;  under  W,  the  weight  in  g.  of  the  solvent 
in  the  cathode  and  in  the  anode  portions,  respectively,  corrected  as  de- 
scribed above;  under  M,  the  gram  equivalents  of  salt  contained  in  W  g. 
of  the  solvent  in  the  cathode  and  in  the  anode  portions;  under  £,  the  num- 
ber of  equivalents  of  positive  ion  constituent  transferred  to  the  cathode 
and  from  the  anode,  respectively;  under  N^  the  number  of  equivalents 
of  electricity  passed  through  the  solution,  corrected  for  the  conductivity 
of  the  solvent;  under  T,  the  transference  number  of  the  positive  ion  cal- 
culated from  the  change  at  the  cathode  and  from  that  at  the  anode; 
under  T^,,  the  average  of  the  values  given  under  T  for  each  experiment; 
under  Tc^  the  average  of  all  of  the  transference  ntunbers  obtained  for  any 
one  concentration.  It  will  be  noted  that  the  data  for  the  anode  portion 
are  given  in  the  row  just  below  that  on  which  the  corresponding  concen- 
tration is  placed  and  that  the  data  for  the  cathode  are  placed  on  the  row 
above.  The  data  under  Tc  have  been  obtained  by  weighing  the  results 
at  each  concentration  in  proportion  as  they  appear  to  meet  the  require- 
ments mentioned  in  the  preceding  paragraph.  T^  has  been  omitted  in 
the  case  of  sodiiun  formate  because  for  tlu§  salt  all  of  the  data  refer  to 
practically  the  same  concentration. 

Table  I. — ^Transpsrence  Data  for  NaOCHO  in  (Anhydrous)  Formic  Acn>. 
c. 


0.2494 


W. 

AT. 

E. 

N. 

r. 

Tat. 

cathode 

129.395 

0.028212 

0.001462 

0.006601 

0.221 

0.220 

anode 

135.224 

0 .026525 

0.001430 

0.219 

cathode 

128.549 

0.0282 II 

0.001593 

0.007232 

0.220 

0.220 

anode 

129.651 

0.025266 

0.001590 

0.220 

cathode 

122.883 

0.027217 

O.OO1741 

0.007909 

0.220 

0.220 

anode 

131 .019 

0.025426 

0.001737 

0.220 

cathode 

"9.443 

0 .026803 

0.001698 

0.007522 

0.226 

0.220 

anode 

123 .087 

0.024266 

O.OO1615 

0.215 

0.2498 


0.2501 


0.2536 


Mean    0.220 

The  data  show  that  the  method  employed  is  capable  of  yielding  ac- 
curate results  under  favorable  conditions  since  the  transference  numbers 
for  sodium  formate  show  excellent  agreement,  not  only  for  the  different 
experiments  but  also  when  the  results  at  the  anode  are  compared  with 
those  at  the  cathode,  most  of  them  being  practically  identical  with  each 
other.  It  is  dear,  therefore,  that  the  formation  of  a  small  amotmt  of 
water  at  the  anode  can  have  but  very  little  effect  in  moderate  concentra- 
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Tablb  II.— Transpbrbncq  Data  for  ^OCHO  in  (Anhydrous)  Formic  Acm. 

C.                                  W.                 M,                    B.                    N.  T.           T„,          Tc. 

cathode  108.973  0.0099749  0.0009975  0.269 

0.09982                              0.003660  0.268 

anode   105.577  .  0.0077313  0.0009787  0.267 

cathode  104.109  0.0095835  0.0009955  0.275 

0.09981                               0.003622  0.270 

anode   108.794  0.0080161  0.0009584  0.265        

0.269 

cathode  91-475  0.017171   0.002031  0.259 

0.1995                                 0.007832  0.259 

anode   116.600  0.017274   0.002024  0.258 

cathode  103.203  0.019060   0.001880  0.260 

0.2007                               0.007230  0.256 

anode   104.810  0.015632   0.001815  0.251  

0.258 

cathode  105.328    0.028163      0.001729  0.247 

0.3015                                                                             0.006992  

anode      105.825    0.024753      0.001806  0.258 

cathode  110.224    0.030078      0.002202  0.251 

0.3038                                                                             0.008770  0.249 

anode      114.857    0.026877      0.002170  0.247 

cathode  108.667    0.030790      0.002295  0.248 

0.3149                                                                             0.009264  0.249 

anode      113. 194    0.027^74      0.002309  0.249    

0.249 

0.3906*    anode      103.886    0.034063      0.002797      o. 01 166  0.240 

cathode  107.958    0.038163      0.002719  0.241 

0.3930                                                                               o. 01 127  0.244 

anode      107.825     0.032290      0.002784  0.247    

0.244 
•  An  error  was  made  in  the  cathode  portion  of  this  nm. 

Tablb  III. — ^Transperqncb  Data  for  Ca(OCHO)i  in  (Anhydrous)  Formic  Acid. 

C.  W.  M.  B.  N.  T.  Tot.  Tc. 

cathode  no. 415  0.024070  0.001267  0.208 

0.2494  0.006096  0.211 

anode      109.435  0.021291  0.001309  0.215 

cathode  127.032  0.028133  0.001392  0.219 

0.2541  0.006352  0.215 

anode      114. 168  0.022690  0.001344  0.212 

cathode  115.490  0.025719  0.001384  0.217 

0.2544  0.006370  0.214 

anode      127.355  0.025488  0.001347  0.211 

cathode   123.857  0.027847  0.001330  0.212 

0.2585  0.006266  0.216 

anode      117.449  0.023772  0.001373  0.219    

0.214 

cathode  106.845  0.037276  0.001806  0.191 

0.3995  0.009246  0.189 

anode      in. 308  0.035240  0.001713  0.188    • 

0.189 
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tions.  The  data  for  potassium  formate  do  not  show  quite  as  good  an  agree- 
ment when  the  results  for  any  given  concentration  are  compared  with 
each  other;  this  is  doubtless  due  to  the  fact  that  the  salt  and  its  solutions 
in  formic  add  are  extremely  hygroscopic  and  that  dtuing  the  unavoidable 
manipulations  involved  more  or  less  water  is  taken  up.  The  moisture 
absorbed  would  increase  the  conductivity  of  the  solutions  and  thus  give 
too  high  a  calculated  concentration  which  would  cause  the  transference 
number  at  the  cathode  to  appear  too  high  and  at  the  anode  too  low;  in 
agreement  with  this  assumption  we  find  that  in  almost  all  cases  where  the 
two  values  are  not  practically  identical  the  cathode  value  is  higher  than 
the  anode  value,  if  we  except  the  most  concentrated  solutions.  While 
the  data  for  potassitun  formate  are  therefore  not  quite  as  rehable  as  those 
for  the  sodium  salt,  they  are  nevertheless  quite  acceptable  when  it  is  con- 
sidered that  the  total  amount  of  salt  transferred  is  only  from  o.ooi  to 
0.003  g^ram  equivalent  and  that  therefore  an  error  of  0.05%  in  the  de- 
terminations of  the  concentration  might  readily  produce  an  error  of  from 
I  to  over  4%  in  the  transference  numbers. 

If  we  compare  the  transference  numbers  obtained  for  potassitun  for- 
mate at  different  concentrations,  it  is  seen  that  no  experimental  error  of 
the  type  described  can  account  for  the  large  and  regular  change  which 
occurs  when  the  concentration  is  progressively  increased.  Potassium 
formate  in  (anhydrous)  formic  add  solutions  appears  to  obey  the  law  of 
mass  action  when  the  degree  of  ionization  is  calculated  from  the  conduc- 
tivities of  the  solutions  on  the  assumption  that  the  equivalent  conduc- 
tivity for  complete  ionization  is  independent  of  the  concentration.^  In 
view  of  this  fact  one  would  expect  the  transference  numbers  also  to  be 
independent  of  the  concentration.  The  most  rational  explanation  of 
this  discrepancy  is  to  assume  that  the  Hittorf  transference  number  which 
we  have  here  meastu'ed  is  not  the  true  transference  munber  because  of 
solvation  of  the  ions.  The  following  calculations  show  that  this  assump- 
tion can  account  for  the  change  in  transference  number  observed.  If 
we  assume  that  only  the  potassitun  ion  is  solvated,  it  is  dear  that  the 
amotmt  of  solvent  fotmd  in  the  cathode  portion  is  larger  and  that  in  the 
anode  portion  smaller  than  it  would  have  been  had  none  of  the  solvent 
been  transferred.  A  correction  may  then  be  applied  in  the  following 
manner.  If  n  is  the  number  of  molecules  of  the  solvent,  formic  add,  as- 
sodated  with  each  moleoile  of  potassium  ion,  x  the  "true'*  transference 
number,  and  N  the  munber  of  Faradays  passed  through  the  solution, 
the  wdght  of  formic  add  in  g.  carried  to  the  cathode  is  4,6.x.n.N,  If  W 
is  the  corrected  wdght  of  solvent  in  the  cathode  portions,  /  the  number 
of  equivalents  of  potassium  formate  contained  in  one  gram  of  the  solvent 
*  Sec  the  earlier  papers  of  the  series,  Loc.  cit. 
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in  the  original  solution  and  E  the  number  of  equivalents  of  the  salt  con- 
tained in  W  g.  of  the  solvent  in  the  cathode  portions,  we  have 

^  N  ' 

which  can  readily  be  solved  for  ^  if  n,  the  number  of  molecules  of  the  sol- 
vent associated  with  each  molecule  of  potassium  ion,  is  known.  A  simi- 
lar calculation  can  be  made  for  the  anode  portions.  In  Table  IV,  the  re- 
sults of  such  calculations  with  several  values  of  n  are  reproduced.  It 
will  be  seen  that  the  assumption  that  the  potassium  ion  is  solvated  is  suffi- 
cient to  accoimt  for  the  fact  that  the  Hittorf  transference  numbers  change 
with  the  concentration  as  they  do,  since  the  "true"  transference  numbers 
calculated  in  this  way  are  as  nearly  constant  as  they  can  be  expected  to 
be  when  the  various  soirees  of  experimental  error  are  considered.  The 
data  are  not  accurate  enough  to  determine  accurately  the  number  of 
molecules  of  solvent  associated  with  the  potassium  ion  since  the  calcula- 
tions with  different  values  of  n  do  not  show  any  great  difference  in  con- 
stancy. It  is  dear,  however,  if  this  method  of  calculation  is  correct, 
that  the  value  of  n  probably  is  not  less  than  6  nor  greater  than  8,  a  con- 
clusion which  is  to  be  subjected  to  further  test  and  which  is  of  interest 
in  view  of  Werner's  theory  of  complexes  and  of  the  process  of  ionization.^ 
In  Table  IV,  the  first  column  contains  the  approximate  value  of  the  con- 
centrations. Col.  2  the  transference  number  when  n  is  zero — ^in  other 
words,  the  Hittorf  number — ^which  is  included  for  comparison  and  the 
remaining  columns  give  the  transference  number,  ^,  as  defined  above, 
when  the  value  f or  «  is  respectively  taken  to  be  5,  6,  7,  8  and  9.  At  the 
bottom  of  each  column  will  be  fotmd  the  difference  in  per  cent,  between 
the  extreme  values  of  the  transference  numbers  in  the  ccdunm. 

Tabls  IV. 
Transference  Numbers. 

C.  11-0.  11-5.  11-6.  11-7.  11-8.  11-9. 

o.io  0.269  0.273  0.274  0275  0.277  0.278 

0.20  0.258  0.269  0.271  0.271  0.276  0.279 

0.31  0.249  0.264  0.268  0.271  0.276  0.279 

0.39  0.244  0.265  0.268  0.274  0.279  0.283 


Diflference. . .  10%  3%  2%  1.5%  1%        1.7% 

We  may  now  use  the  transference  numbers  of  these  two  salts  to  calcu- 
late for  one  of  them  the  conductivity  at  infinite  dilution  without  the 
use  of  conductivity  data  for  that  salt.  Thus,  the  conductivity  at  infinite 
dilution  for  the  sodium  salt  obtained  by  extrapolation  of  the  conductivity 
data,  is  66.225.*    The  transference  number,  at 0.25  N,  was  found  to  be 

^  See  also  Kendall  and  Booge,  This  Journai^,  39,  2323  (1917). 
'  See  the  sixth  paper  of  this  series,  Loc.  cit. 
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o .  220.^  By  the  usual  method  of  calculation  we  derive  14 . 6  for  the  equiva- 
lent condtictance  of  the  sodium  ion  and  51 .6  for  that  of  the  formate  ion. 
From  the  latter  and  the  transference  number  of  potassium  formate  at 
0.25  N,^  we  obtain  17.5  for  the  equivalent  conductance  of  the  potassiiun 
ion.  Since  the  ctMresponding  value  for  the  formate  ion  is,  as  just  stated, 
51.6,  the  equivalent  conductance  of  the  potassium  formate  at  infinite 
dilution  shoidd  be  the  sum  of  these  two,  namely,  69.1,  which  proves 
to  be  practically  identical  with  the  value  68.92  derived  in  oiu:  previous 
work  by  extrapolation  from  conductivity  data.  We  have  therefore 
shown  that  the  calculation  of  both  the  conductivity  at  infinite  dilution 
and  the  ionization  constant  from  the  conductivity  data  alone  introduced 
no  error  into  our  conclusion  that  there  is  a  real  agreement  between  the  be- 
havior of  the  alkali  metal  formates  and  the  demands  of  the  mass  law 
and  this  chapter  of  our  work  on  formic  acid  as  a  solvent  is  therefore  con- 
sidered complete. 

One  other  point  of  interest  appears  from  the  data  presented.  It  is 
seen  that  the  equivalent  conductance  of  the  formate  ion  is  very  much 
greater  than  that  of  the  positive  ions  combined  with  it  in  the  salt  mole- 
cules. This  is  like  the  behavior  of  the  hydroxide  ion  in  aqueous  solu- 
tions to  which  the  formation  in  formic  add  solutions  is  analogous.  The 
same  explanation  as  the  one  usually  given  for  the  great  mobility  of  the 
hydrogen  and  hydroxide  ions  in  aqueous  solutions  may  be  applied  to  the 
great  relative  mobility  of  the  formate  ion  in  our  solutions.  On  the  other 
hand,  since  some  evidence  has  been  presented  which  tends  to  show  that 
the  positive  ions  are  apparently  much  more  extensively  solvated  than 
is  the  formate  ion,  we  may  ascribe  to  this  difference  the  difference  in  the 
mobilities  of  the  ions. 

The  transport  experiments  on  solutions  of  calcium  formate  were  in- 
cluded in  order  to  throw  further  Ught  on  the  questions  raised  by  the 
anomalous  behavior  of  the  alkaline  earth  ionnates  which,  in  formic  add 
solutions,  obey  the  law  of  mass  action  as  devdoped  for  uni-univalent 
salts  in  moderatdy  concentrated  solutions  but  not  in  dilute  solutions.' 
This  behavior  suggests  the  possibility  that  in  the  range  of  concentration 
for  whidi  this  law  is  applicable,  ionization  into  an  intermediate  ion,  e.  g., 
CaOCHO+,  exdusivdy  takes  place.    This  question  can  be  answered  by 

*  The  trae  transference  numbers  obtained  as  described  above  ought  perhaps  to  be 
used  for  these  calculations.  The  results  if  this  is  done  do  not  differ  materially  from  those 
given  in  the  text  and  since  the  value  of  the  "true  transferenoe  numbers"  as  well  as  the 
theory  upon  which  they  were  calculated  need  further  verification*  it  has  been  thought 
best  to  proceed  as  has  been  done  in  the  text. 

•  This  value  is  obtained  by  graphical  interpolation  from  the  data  of  Table  II, 
since  no  data  are  available  for  this  concentration.  The  interpolation  is  over  a  very 
short  interval. 

'  Schlesinger  and  Mullinix,  This  Journal,  41,  72  (1919)- 
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the  transference  data.  It  can  be  shown,  if  V  represents  the  speed  of 
diffusion  of  the  formate  ion  in  centimeters  per  second  tmder  a  potential 
gradient  of  one  volt  per  cm.,  Xo  represents  the  equivalent  conductivity 
calculated  on  the  assumption  that  the  equivalent  weight  of  ralrium  formate 
is  V2  its  molecular  weight,  ni  is  the  transference  number  of  the  formate 
ion  if  the  salt  dissociates  into  formate  icm  and  CaOCHO'*'  and  n%  the 
transference  munber  if  the  salt  dissociates  into  formate  and  calcium  ions, 
that  the  two  following  equations  are  correct  provided  either  the  one  or 
Hie  other  mode  of  ionization  occurs  exdusivdy: 

FV  FV 

2X0  =  —        (i),  and  Xo  =  —        (2) 

ni  fh 

Equation  i  applies  to  ionization  into  the  intermediate  ion  and  Equation  2 

to  ionization  into  the  simple  ions.     If  dissociation  into  the  intermediate 

ion  occurs,  the  change  in  concentration  of  formate  ion  constituent  at  the 

anode  is  due  (a)  to  formate  ion  discharged  at  the  electrode,  (6)  to  formate 

ion  carried  into  the  anode  portion,  and  (c)  to  caldum  formate  ion  carried 

from  the  anode  portion.    If  So  represents  the  munber  of  gram  equivalents 

of  calcium  formate  contained  in  the  anode  portion  before  electrolysis, 

and  Sf  the  munber  of  gram  equivalents  of  the  salt  in  this  portion  after 

electrol)rsis,  and  iV  is  the  number  of  equivalents  of  electricity  passed, 

2So—N  +  Nni  —  {i—ni)N^2Sf   or    m  ^^—(^^  —  ^f)^ 

If,  on  the  other  hand,  ionization  occurs  only  into  the  simple  ions,  the  change 
in  the  concentration  of  the  formate  ion  constituent  is  due  only  to  the  formate 
ion  discharged  at  the  anode  and  the  formate  ion  carried  into  the  anode 
portion  by  transference.     Hence, 

25o— iV  +  «aiV«  25/     or     ^  ^ -'^  — ^(;^o  — 5y) 

In  Table  III,  the  data  under  T  and  T^v  represent  the  fraction  (S©  —  Sf)/N. 
Hence  tii  and  «j  become  respectively  equal  to  i  —  T  and  i  —  2T.  Hsncet 
if  ionization  into  the  intermediate  ion  is  the  exclusive  mode  of  ionization 
of  the  salt,  2X0  ^FV/{i  —  T),  FV,  the  equivateat  conductance  of  the 
fcttmate  ion,  has  been  obtained  from  the  work  with  sodium  and  potassium 
and  at  o.  25  N  has  been  found  to  be  51 .5  reciprocal  ohms.  Taking  for  T^ 
the  average  value  0.214,  2X0  from  the  equation  just  given  is  calculated 
to  be  65.  Actually,  Xo  was  found  by  Schlesinger  and  Midlinix  to  be  55. 
Hence  the  transference  data  do  not  support  the  view  that  calcium  formate 
dissociates  exclusively  as  a  uni-univalent  salt.  On  the  other  hand,  if 
the  salt  is  assumed  to  ionize  exclusively  into  the  simple  ions  we  would 
have  the  equation  Xo  =  FV/{i  —  2T).  Calculated  as  before,  we  get 
90  for  the  value  of  Xo.  This  agrees  just  as  little  with  the  experimentally 
determined  value,  55.    Hence  the  transference  data  do  not  decide  the 
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question  raised,  unless  we  assume  that  they  may  be  taken  to  indicate 
that  both  modes  of  dissociation  occur — a  conclusion  already  tentatively 
suggested  in  the  discussion  of  the  work  of  Schlesinger  and  Mullinix  re- 
ferred to  above.^ 

Summary. 

1.  The  transference  numbers  of  solutions  of  sodium,  potassium  and 
caldimi  formates  in  (anhydrous)  formic  add  have  been  measured.  Prom 
the  data  for  the  first  two  salts  the  equivalent  conductance  of  the  formate 
ion  has  been  calculated  and  has  been  found  to  be  51 .5,  whereas  the  corre- 
sponding value  for  the  sodium  ion  is  only  14.6  and  for  the  potassium  ion 
17.5  redprocal  ohms.    The  significance  of  these  data  has  been  discussed. 

2.  The  transference  number  of  the  potassium  ion  was  found  to  change 
with  the  concentration.  This  is  tentativdy  explained  on  the  assump- 
tion that  the  ion  is  solvated  and  a  method  for  odculating  the  extent  of 
solvation  from  the  transference  niunbers  is  suggested.  The  results  so 
far  availaUe  indicate  that  if  the  assumptions  made  in  the  calculations 
prove  to  be  correct,  each  potassium  ion  is  combined  with  from  6  to  8 
mcdecules  of  formic  add — a  finding  whidi  is  of  special  interest  when 
viewed  in  the  light  of  Werner's  theory  of  complex  ions  and  of  ionization 
in  general. 

3.  The  transference  numbers  obtained  for  caldum  formate  do  not 
substantiate  the  view  that  caldum  formate  in  formic  add  solutions  ionizes 
dther  entirdy  as  a  uni-univalent  salt  nor  entirely  as  a  uni-bivalent  salt. 
It  is  therefore  possible  that  both  modes  of  ionization  occur. 

CmcAoo,  Ilunois. 

^  Two  points  are  to  be  noted  in  connection  with  the  calculations  upon  which  these 
conclusions  are  based.  In  the  first  place  the  concentration  0.25  equivalent  for  calcium 
formate  should  really  be  compared  with  the  concentration  0.125  N  for  sodium  or  potas- 
sium formate  when  the  assumption  is  made  that  the  calcium  salt  yields  only  two  ions. 
Or  it  would  be  possible  in  order  to  avoid  confusion  to  use  the  "true  transference  num- 
bers" calculated  for  potassium  formate.  Neither  of  these  alternative  methods  of 
calculation  produces  enough  change  in  the  results  to  influence  the  conclusions  and  they 
have  therefore  not  been  given  in  the  text.  In  the  second  place  it  must  be  borne  in 
mind  that  the  "experimental"  value  for  the  equivalent  conductance  of  calcium  formate 
at  infinite  dilution  is  a  value  obtained  from  the  data  for  the  conductivity  of  that  salt 
in  solutions  more  concentrated  than  o.  i  equivalent  and  is  based  on  the  assumption  that 
the  salt  obeys  the  mass  law  as  derived  for  uni-univalent  salts  to  infinite  dilution.  As 
a  matter  of  fact,  the  salt  does  not  obey  this  law  below  the  concentration  mentioned 
(sec  the  fourth  paper  of  the  series),  hence  the  value  of  the  conductivity  at  infinite  dilu- 
tion is  a  fictitious  one  which  has  a  meaning  only  if  the  salt  ionizes  into  two  ions  only 
in  the  range  of  concentration  for  which  the  mass  law  holds  in  the  form  mentioned. 
Nevertheless,  the  use  of  this  fictitious  value  for  the  purpose  for  which  it  is  employed  in 
the  text  is  logical  as  can  readily  be  understood. 
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[Contribution  from  thb  Otho  S.  A.  Spragub  Mbkorial  Institute,  Rush  Mbdical 

College.  ] 

THE   VOLATILITY   WITH   STEAM    OF   LOWER   FATTY   ACIDS 
m  DILUTE  AQUEOUS  SOLUTIONS. 

By  Edgar  J.  Witzemann. 

R«ceiyed  August  4,  1919. 

In  some  tests  of  the  volatility  of  the  lower  a-hydroxy  aliphatic  .adds 
in  dilute  aqueous  solutions  of  fonnic,  acetic,  propionic  or  butyric  adds, 
it  was  again  observed^  that  the  behavior  of  the  fatty  adds  in  this  respect 
is  contrary  to  the  laws  of  simple  mixtures.  The  4  f^tty  adds  in  dilute 
aqueous  solutions  show  an  increasing  volatility  with  increasing  molecular 
wdght.  It  is  proposed  here  to  give  briefly  a  few  experimental  data  and 
to  indicate  how  these  relationships,  whidi  are  commcmly  stated  to  be  ab- 
normal, are  to  be  expected  on  the  basis  of  existing  knowledge  of  the  molec- 
ular state  and  hydration  of  these  adds  in  aqueous  solution. 

The  experiments  were  done  as  follows:  2  g.  of  formic  add  (by  titra- 
tion) and  the  corresponding  molecular  amounts  of  the  3  other  adds,  were 
each  made  up  to  200  cc.  with  water.  Five  cc.  of  the  solutions  were  pipetted 
oflf  and  titrated  with  0.1  N  sodiiun  hydroxide  solution  in  order  to  confirm 
the  concentration  of  the  solution.  The  remaining  195  cc  was  trans- 
ferred to  a  common  distilling  flask  (500  cc.)  and  distilled  off  slowly  in  20 
cc.  fractions  correct  to  within  one  drop.  The  recdver  (a  calibrated  test- 
tube)  was  emptied  and  rinsed.  The  fractions  were  then  titrated  sepa- 
ratdy  with  o.i  N  sodium  hydroxide  solution.  Typical  data  are  given 
in  the  table. 

Table  I. 
Relative  Volatility  of  Lower  Fatty  Acids.     (Cc.  o.i  N  NaOH). 

Fraction.      Fonnic  Acetic  Propionic       Butyric 

Cc.  Cc.  Cc  Cc  Cc 

5  10.80  10.82  10.78  10.81 

1 20  16.70  29.33  52-87  81.92 

2 20  19.07  30,85  52.10  71.35 

3 20  20.3^  32.36  50.10  62.98 

4 20  22.65  ^3.80  47.94  53.77 

5 20  24.40  3563  45.60  4462 

6 .      20  28.48  38.40  43 -OO  36.30 

7 20  33.76  41.45  39.90  28.39 

8 20  42.17  46.70  36.60  20.34 

9. 20  59-45  56.00  33.03  13.36 

Residue 155.88  79  05  24.40  6.58 

Total 422.92  423.57  424.^4  419-61 

Calculated...., .     421.20  421.98    '     420.42  421.59  .' 

The  above  results  are  given  graphically  in  Fig- 1.  .    .  '  • 

It  appears  clearly  that  there  is  a  gradually  increasing  volatility  of 
*  Duclaux,  Ann.  chim.  phys.,  2,  289  (1874);  ^^^-  i^st.  Pasteur,  9,  265  (1895);  cf. 
also  Upscm,  Plum  and  Schott,  This  Joxjrnai,,  39,  731-42  (1917)- 
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these  4  adds  of  the  ahphatic  series  with  increasing  molecular  weight, 
although  the  boiling  points  of  the  adds  rise  gradually  from  loi  ®  for  formic 
to  162®  for  butyric  add.  Thus  the  first  fractions  contain  3.94%  of  the 
formic,  6.92%  of  the  acetic,  12.4%  of  the  propionic,  and  19.5%  of  the 
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Fig.  I. — Relative  volatility  of  the  lower  fatty  acids  from  boiling 
aqueous  solutions. 

butyric  add  used,  respectively.  For  the  last  fractions  this  order  is  re- 
versed as  shown,  and  the  add  remaining  in  the  distilling  flask  is  as  fol- 
lows: formic  add  36.8%,  acetic  18.6%,  propionic  5.7%,  butyric  1.4%, 
respectivdy,  of  the  add  taken. 

The  interpretation  of  these  data  on  the  basis  of  existing  knowledge  may 
be  briefly  stated  as  follows : 

(i)  That  along  with  their  dearly  demonstrated  powers  of  molecular 
association^  these  4  adds  form  hydrates  with  water. 

(2)  The  hydration,  as  well  as  the  molecular  assodation  of  these  adds> 
varies  in  amount  and  stability.* 

*  Jones,  Carnegie  Inst.  Publications,  1915,  210;  of.  summary  and  list  of  earlier 
publications  at  the  end.     Turner,  "Molecular  Association,"  Longmans,  Green  &  Co. 

(1915). 

•  Cf .  Turner,  Loc.  cit.  for  review;  Roscoe,  Ann.,  125,  320  (1863);  Peddle  and 
Turner,  7,  Chem.  Soc,  89^  1439  (1907);  CoUes,  Ibid.,  89,  1246  (1906);  Jones»  Loc*  cil., 
p.  148. 
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(3)  The  hydrates  of  greatest  stability  appear  to  occur  with  formic  add 
(cf.  Roscoe,  CoUes)  and  this  stabiUty  appears  to  diminish  with  increase 
in  the  molecular  weight  of  the  4  fatty  adds.  It  seems  evident  that  this 
greater  stability  is  due  to  affinities  of  the  carboxyl  group  and  that  the 
diminishing  stabiUty  is  assodated  with  the  increasing  hydrocarbon  func- 
tion.^ 

(4)  That  the  hydrates  of  these  adds  presumably  have  the  power  of 
lowering  the  partial  vapor  pressure  of  the  add  in  dilute  solutions  was 
definitdy  established,  at  least  for  formic  add,  by  Roscoe.* 

(5)  It  is  because  of  this  capacity  of  the  hydrates  to  lower  the  partial 
vapor  pressure  of  the  add  that  the  volatility  of  these  adds  in  dilute  aqueous 
solution  presents  a  reverse  picture  as  compared  with  what  would  be  ex- 
pected if  the  solutions  were  simple  physical  mixtures  of  the  two  ingredients. 
When  the  decreasing  stabiUty  of  the  hydrates  at  the  boiling  point  of  the 
mixture  is  considered  it  appears  that  the  behavior  of  these  adds  from 
the  standpoint  of  simple  mixtures  tends  to  become  less  anomalous  on 
passing  from  formic  to  butyric  add.  Accordingly,  hydration  phenomena 
probably  have  less  influence  on  the  volatiUzation  of  higher  fatty  adds 
(stearic  add)  with  steam  than  on  those  here  discussed. 

(6)  The  behavior  of  dilute  solutions  of  these  adds  on  distillation  ap- 
parently constitutes  evidence  of  hydration  of  these  compounds  since  it 
agrees  with  all  the  other  data  on  this  subject. 

Of  the  above  statements  (5)  and  (6)  are  perhaps  novd. 
The  Effect  of  Neutral  Salts. 

From  the  existing  data  regarding  the  effects  of  salts  on  the  hydration 
of  another  salt  in  the  same  solution*  as  well  as  from  Kolossovsky's*  ob- 
servations of  the  influence  of  salts  on  the  partition  of  acetic  add  between 
ether  and  water,  the  addition  of  a  neutral  salt,  to  such  solutions  as  were 
used  above  should  produce  an  increase  in  the  volatiUty  of  the  fatty  add 
This  increase  in  volatiUty  should  be  greater  the  greater  the  concentration 
of  the  salt  used.  That  this  is  true  is  shown  by  the  data  represented  in 
Fig.  2,  which  were  obtained  by  the  same  method  used  above,  except  that 
the  acetic  and  formic  adds  used  were  wdghed.  In  a  0.5  Af  solution  of  mag- 
nesium chloride  (III)  the  15  cc.  of  residue  remaining  in  the  distilling  flask 
contains  no  acetic  add.  In  (II)  this  residue  consumes  22.65  cc.  of  o.i  N 
soditun  hydroxide  solution,  and  in  (I)  it  requires  55 .  75  cc. 

^  This  statement  is  also  supported  by  Auwer's  generalizations  on  the  relation  of 
constitution  of  solvent  and  solute  to  the  molecular  weight  of  the  latter  (Z.  physUt. 
Chem.,  15,  33  (1894);  18,  595  (1895);  30,  529  (1899);  4^,  513,  542  (1903))  provided  the 
reasonable  assumption  is  made  that  the  ethyl  and  propyl  groups  come  first  beyond 
the  methyl  group  in  this  series. 

*  Loc.  cU. 

•  Jones  and  Stine,  Am.  Chem.  7.,  39,  313  (1908). 

^BuU.  Soc.  chitn.  belg.,  25,  183  (191 1);  Bull.  Soc,  chim.,  [4]  9,  632  (191 1). 
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Fig.  2. — ^Effect  of  dissolved  magnesium  chloride  on  the  volatility 
of  acetic  add  from  boiling  aqueous  solutions. 

[  I-H,0. 
2.0  g.  acetic  acid  in  200  cc.  <  II— o.i  M  MgCls. 
1  III~o.5  M  MgCl,. 
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In  Fig.  3  similar  results  for  formic  add  are  given* 
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Fig.  3. — Effect  of  dissolved  potassium  and  magnesium  chlorides  on  the 
volatility  of  formic  acid  from  boiling  aqueous  solutions, 
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in  200  cc.         111-^.5  M  KCl. 
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That  this  mcreased  volatility  is  not  solely  a  function  of  the  concentra- 
tion of  the  salt  is  suggested  by  the  results  for  (II)  and  (III)  in  Fig.  3. 
For  (III),  in  which  the  molecular  salt  concentration  is  5  times  greater 
than  in  (II),  the  increase  in  volatility  over  (I)  averages  less  than  for  (II). 
This  apparently  indicates  that  5  molecules  of  potassium  chloride  have  a 
little  less  positive  influence  on  the  volatility  of  formic  add  in  this  solution 
than  one  molecule  of  magnesium  chloride.  In  experiments  with  acetic 
add,  not  described  here,  in  a  o. 5  M  potassium  chloride  solution,  the  vola- 
tility was  just  a  little  greater  than  in  a  o.  i  M  magnesium  chloride  solu- 
tion. 

These  results  are  relativdy  just  what  would  be  expected  from  our 
knowledge  of  the  hydration  of  these  salts  and  thus  give  further  confirma- 
tion to  the  interpretation  of  the  volatility  of  these  adds  given  above. 
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Fig.,  .4. — Influence  of  dissolved  salts  (0.25  M)  on  volatility. 
I— H,0. 
II— KCl. 
Ill— JNaCl  sol. 
2.0  g.  formic  acid  I  IV  —  ( BaClj  sol. 
in  200  cc.        I  V — SrClt. 
VI— CaClj. 
VII— MgCl,. 
^  VIII— AlCU. 
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It  was  of  interest  to  learn  whether  these  relations  could  be  e3rtended  in 
the  manner  suggested  by  the  deductions  of  Poma  and  Albonico*  regard- 
ing the  neutral  salt  effect  on  the  hydrolysis  of  esters.  If  their  deductions 
were  applicable  here  equimolecular  amounts  of  metallic  salts  such  as 
chlorides,  for  instance,  should  produce  an  increasing  volatility  with  the 
decreasing  dectro-affinity  of  the  metallic  ion  of  the  added  salt.  Experi- 
ments with  o.  25  M  solution  of  the  chlorides  of  potassium,  sodium,  barium, 
strontium,  calcium,  magnesium,  alumimun,  manganese,  iron  and  copper 
were  carried  out.  The  volatility  was,  slightiy  and  progressively,  a  littie 
increased  for  each  member  of  this  series  over  the  preceding  member  up 
to  and  including  alimiinum,  except  in  the  case  of  strontium  and  calcium, 
for  which  the  order  given  above  should  be  reversed.  The  solutions  of 
manganese,  iron  and  copper  chlorides  showed  anomalies  and  give  in- 
creases in  volatilities  lower  than  aluminum  chloride. 

Part  of  the  results  are  given  in  graphic  form  in  Fig.  4.  The  results  fw 
sodium  and  barium  chlorides  are  so  nearly  alike  that  the  results  for  sodium 
chloride  only  were  plotted  (Curves  III  and  IV). 

Chxcaoo»  III. 


[Contribution  prom  the  Chemical  Laboratory  of  the  Unxversity  of 

Caufornia.] 

THE  DEGREE  OF  IONIZATION  OF  VERY  DILUTE  ELECTRO- 
LYTES. 

By  Gilbert  N.  Lewis  and  George  A.  Linhart. 

Recdved  August  16.  1919. 

The  ionic  theory  in  its  earlier  day^  would  have  suffered  greater  crit- 
icism than  it  received  if  it  had  been  generally  known  how  great  were  tbe 
discrepancies  between  the  actual  behavior  of  electrolytes  and  that  which 
was  calculated  so  confidently  from  the  various  equations  in  common  use. 
The  failure  of  the  mass  law  for  strong  electroljrtes  was  recognized,  but  in 
the  case  of  uni-univalent  electrol)rtes,  which  were  most  commonly  studied, 
this  could  be  attributed  to  minor  errors  in  the  measurement  of  conduc- 
tivity or  in  Kohlrausch's  law  of  the  constancy  of  ionic  mobilities.  How- 
ever, as  quantitative  data  accumulated  regarding  electromotive  force, 
freezing  points,  solubilities  and  the  like,  it  became  increasingly  evident 
that  the  equations  generally  employed  lead  to  errors  which  were  never 
trivial  and  which  in  some  cases  became  enormous. 

The  equations  in  question  were  based  in  part  upon  a. safe  foundation 
of  thermod3aiamic5,  but  also  in  part  upon  two  assumptions  of  doubtful 
validity.  The  first  of  these  assimiptions  was  that  the  concentration  of 
the  ions  could  be  obtained  from  conductivity  ratios.  The  second  was 
the  assumption  that  the  ions  and  uodissodated  parts  of  an  electrol3rte 
*  AUi  accad.  Lincei,  24, 1,  747,  979;  II,  43  (1915). 
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iollow  the  laws  of  the  so-called  ideal  solutions.  The  discrepancies  to 
which  we  have  referred  show  that  one  at  least  of  these  assumptions 
must  be  incorrect.  It  was  therefore  proposed  by  Lewis  to  investigate,  for 
each  molecular  spedes  yielded  by  an  dectrolyte,  that  which  might  have 
been  termed  the  effective  thermodynamic  concentration,  and  which  he 
called  activity.^  This  is  a  quantity  which,  at  infinite  diluti<m,  may  be 
taken  as  equal  to  the  concentration,  but  which  deviates  from  the  latter 
when  the  solution  ceases  to  behave  as  an  ideal  solution.  With  changing 
concentration  the  activity  of  any  dissolved  substance  is  related  to  the 
free  energy  by  the  equation, 

dF  =  RTdlna,  (i) 

where  F  and  a  are  respectively  the  free  energy  and  the  activity. 

The  amount  of  experimental  material  for  such  a  calculation  was  at 
first  very  meagre,  but  by  summarizing  all  available  information  regarding 
uni-imivalent  electrolytes  Lewis*  was  able  to  show  that  in  all  cases  of 
moderately  dilute  solutions  the  ion  activity  is  lower  than  the  ion  ccmcen- 
tration  as  determined  by  the  famiHar  conductivity  method.  In  other 
words,  the  ion  activity  divided  by  the  total  concentration  of  the  elec- 
trolyte, which  he  called  the  corrected  degree  of  dissociation,  is  less  than 
X/Xo-  Recent  studies  of  the  electromotive  force  of  concentration  cells 
and  of  the  freezing  points  of  salt  solutions  have  added  greatly  to  the 
material  available  for  such  calculations.  In  this  paper  we  will  consider 
only  the  latter  type  of  measurements  and  will  describe  a  simple  method 
of  calculating  the  ion  activities  from  freezing-point  data. 

In  the  paper  just  mentioned  an  equation  was  developed  which  permits 
m  the  case  of  dilute  solutions'  the  calculation  of  the  free  enei^  of  dilu- 
tion from  freezing-point  data.    This  equation  is 


f^  =  55.5  -jrj  —.  (2) 


where  F  is  the  partial  molal  free  energy  of  the  solute;  AH  the  molal  heat 
of  fusion  of  ice;  T  the  temperature  of  fusion,  273.1®;  c  the  number  of 
mols  of  solute  in  1000  g.  or  in  55.5  mols  of  water;  and  9  is  the  lowering  of 
the  freezing  point.  This  equation  by  graphical  integration  gives  the  free 
energy  of  dilution  over  any  range  of  dilute  solutions  for  which  accurate 
freezing-point  measurements  are  available.  The  method  is,  however, 
time  consuming  and  does  not  lend  itself  to  extrapolation  to  high  dilutions 
where  accurate  experimental  determinations  are  no  longer  possible.  In 
order  to  obviate  these  difficulties  we  have  sought  a  satisfactory  empirical 
equation  connecting  c  and  9. 

*  Lewis,  Proc.  Amer.  Acad.,  43,  259  (1907). 

*  Lewis,  This  Journal,  34,  1631  (1912). 

*  The  interpretation  of  freezing-point  data  in  concentrated  solutions  presents  a 
more  complicated  problem.    See  Rodebush,  This  Journal,  40, 1204  (1918), 
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Before  discussion  the  empirical  equation  we  may  combine  Equations 
I  and  2,  and  find 


/?r/d/«a  =  55-5  ^/f .  (3) 


If  the  solute  is  ionized  its  activity  is  proportional  to  the  product  of  the 
activities  of  the  ions  into  which  the  molecule  dissociates.  Thus  in  the 
case  of  a  binary  electrol)rte  if  ai  is  the  activity  of  one  ion  and  Oz  of  the 
other,  then 


RTfdln  {a^a,)  -  55-5  ^ff-  (4) 


Now  if  we  write  x^  =«  aiOt  we  may  regard  x  as  the  activity  of  either 
ion  as  long  as  we  assume  the  two  to  be  identical,  which  in  the  case  of 
uni-tmivalent  electrolytes  is  probably  justifiable  up  to  a  concentration  of 
nearly  o.i  molal.  More  generally  x  is  the  mean  activity  of  the  ions 
(geometrical  mean).    Substituting  in  Equation  4, 

RTfdlnx^  =  2RTf61nx  =  55.5  ^Jj .  (5) 


or 


■r^-  -  '^/f  -  if?  <*> 

where  X,  which  we  have  written  in  place  of  -n,  is  at  once  recognized 

55-5  A// 

as  the  theoretical  molal  lowering,  namely  1.858^  per  mol  of  solute  in 
1000  g.  of  water.  ^ 

The  treatment  of  a  bi-bivalent  salt  is  identical  with  ^hat  just  given 
for  uni-univalent  salts.  In  both  cases  x  ^  c  at  infinite  dilution,  and  if 
we  define  the  thermod)mamic,  or  the  ccMrrected,  degree  of  dissociation  by 
the  equation  7  =  x/c,  then  yc  is  the  activity  of  either  ion  as  long  as  the 
two  activities  may  be  considered  as  identical.  In  dealing  with  an  elec- 
trolyte of  mixed  type  the  matter  is  a  little  nore  complicated.  If,  in  gen- 
eral, a  molecule  of  the  electrol3rte  yields  ni  molecules  of  the  first  ion  and 
fh  of  the  second,  and  if  we  are  to  define  the  quantity  Jt  so  as  to  satisfy 
conditions  similar  to  those  above,  we  must  write 


-  mxm"- 


(7) 


where  n  =  tii  +  n%.    Thus  for  La2(S04)s,  »i  =  2,  nt  =  3,  and  n  =  5. 
We  may  still  call  x/c  =  7»  the  corrected  degree  of  dissociation. 

Since  the  activity  of  an  electrolyte  is  still  proportional  to  the  product 
of  the  ion  activities  raised  to  the  appropriate  powers,  a  is  also  propor- 
tional to  X*  and  we  have  in  general 

*  In  the  older  literature  this  constant  is  given  as  1.85®.  A  critical  study  of  the 
data  for  the  heat  of  fusion  of  ice  (Lewis,  This  Journal,  30,  681  (1908))  led  to  the  above 
value,  which  is  now  very  generally  accepted. 
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/<"»-  -  4/?- 


(8) 


A  General  Equation  for  the  Freezing-Point  Lowering  of  Dilute  Strong 

Electrol]rtes. 

If  n  is  the  number  of  molecules  yielded  by  the  complete  ionization*  of 

one  molecule  of  the  solute  the  quantity  (nX  —  9/c)  approaches  zero  as 

c  approaches  zero.     If  we  plot  the  logarithm  of  this  quantity  against  the 

logarithm  of  c  we  obtain  a  most  striking  result.    The  curves  for  aU  types 


of  electrolytes  approach  straight  lines  as  the  dilution  increases.  The 
more]^accurate  the  results,  the  closer  is  the  agreement  with  this  law, 
which  appears  to  be  one  of  universal  validity.  The  principle  may  be 
expressed  in  the  equation 

log(nX  —  e/c)  =  a  log  c  +  log  A  (9) 

where  a  and  log  jS  are  constants  characteristic  of  the  particular  electrolyte. 
In  the  plot  just  referred  to  a  is  the  slope  of  the  line,  and  log  fi  the  inter- 
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^  In  a  thermod3mamic  calctdation  such  as  is  to  be  made  here  it  is  of  course  a  matter 
of  choice  whether  possible  intennediate  ions  are  to  be  considered.  For  our  present 
purpose  it  will  be  more  convenient  to  leave  them  out  of  consideration. 
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section  of  the  line  with  the  axis  of  (nX  —  G/c).  By  combining  the  last 
two  teims  of  (9)  and  taking  the  antilogarithms,  we  may  put  our  equa- 
tion in  the  form         • 

nX  —  e/c  =  Pc".  (10) 

We  have  collected  in  the  following  tables  the  freezing>point  data  of  a 
number  of  experimenters  who  have  succeeded  in  attaining  a  high  degree 
of  accuracy.  The  values  for  potassitun  chloride  are  due  to  L.  H.  Adams,  ^ 
and  those  for  sodium  chloride  to  Harkins  and  Roberts,*  except  that  the 
values  at  molal  concentration  for  these  two  salts  are  those  obtained  by 


J^^ 

i 

^sasi 

:^ 

§Sk^ 

FIO  3 

i 

^ 

"^ 

t 

^ 

/ 

X 

y     / 

\ 

H 

$ 

-^ 

12 

'6 

.//*^« 

-.-/;  . 

^ 

^t 

J 

-H 

.f 

Rodebush.'    The  values  for  sulfiuic  add,  cadmium  and  zinc  sulfates, 

and  most  of  those  for  cupric  sulfate,  are  taken  from  Hausrath.^    The 

remaining  points  for  cupric  sulfate,  taken  from  Bedford^  and  from  Pick- 

Uni-Univalbnt  Elbctrolytbs. 

Table  II.  NaCl. 
a  -  0.535;  /5  -  1.223. 


Table  I. 

KCl. 

a  ■■ 

0.535; /5 

-  1.223. 

c. 

e. 

e  cftic.  —  e  obfl. 

0.00506 

0.0184 

+0.000040 

0.00963 

0.0348 

0.000000 

0.01648 

0.0590 

0.000000 

0.03170 

0.1122 

0.05818 

0.2031 

O.I168 

0.4014 

1. 000 

3.23 

c.  e. 

0.005132  0.0187 

0.009544  0.0346 

0.009604  0.0347 

.  0.02012  0.0716 

0.02120  0.0755 

0.03516  0.1243 

0.06534  0.2286 

(0.08360)  (0.2872) 

(0.13600)  (0.4689) 

I .000  3 .33 

1  L.  H.  Adams,  This  Journal,  37>  494  (1915)- 
'  Harkins  and  Roberts,  Ibid.,  38,  2676  (1916). 

*  Rodebush,  Ibid.,  40,  1204  (1918). 

«  Hausrath,  Ann.  phys.,  [4I  9,  522  (1902). 

•  Bedford,  Proc.  Roy.  Soc.  London,  83A,  454  (1909)- 


9  cftlc  —  9  obs. 
—o"!  000004 
000104 
000012 
000126 
000018 


+0 
H-o 
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Tabus  III.  KlOt. 

a  « 

0.442; /3  =  1. 1957 

c. 

e.       e  caic.  —  e  obs. 

0.00274 

0.00990     +0.000038 

0.00506 

0.01815     +0.000071 

0.00903 

0.03220     — 0.000008 

0 .01358 

0.04810     — 0.000080 

0.03244 

O.1125       — 0.000517 

0.09380 

0.3085        +0.000066 

LEWIS  AND  GEORGE  A.  UNHART. 


TablB  IV.  NalO). 


Table  V.    KjSOi. 
a  =  0.374;  fi  -  3.187. 


€, 

e. 

e  calc.  —  e  obs. 

0.00274 

0.0143 

+O.OOOOII 

0.00404 

0.0209 

— 0.000021 

0.00618 

0.0318 

— 0.000294 

0.01039 

0.0521 

—0.000192 

0.01756 

0.0854 

+0.000135 

0.02608 

0.1241 

0.000000 

0.04547 

0.2085 

0.08899 

0.3874 

0.12050 

0.5120 

Tabls  VII. 

BaCls. 

a  « 

0.364;  /9 

-  2.660. 

c. 

e. 

e  calc  —  e  obs. 

0.00273 

0.0144 

— 0.000030 

0.00534 

0.0276 

-^0.000000 

0.01142 

0.0577 

0.000000 

0.029S2 

0.1458 

0.0561 I 

0.2682 

0.1 1358 

0.5330 

Tablb  IX.    MgS04. 

a  ■■ 

0.293;  /?  • 

-  3.404. 

9. 

e. 

e  calc.  —  e  ob«. 

0.00320 

O.OIOOO 

— 0 .000131 

0.00535 

0.01595 

0.000000 

0.00746 

0.02165 

+0.000029 

0.01310 

0.03615 

— 0.000000 

0.02668 

0 .06730 

0.04878 

0.1 182 

0.09566 

0.2163 

0.2210 

0.4566 

a  = 

0.442;  iS  = 

1.1957. 

c. 

e. 

e  c«ic.  —  e  obt. 

0.00212 

0*.  00770 

+0.000008 

0.00499 

0.01785 

+0.0001 14 

0.00929 

0.03310 

0.000000 

0 .01502 

0.05300 

— 0.000009 

0.02868 

0.0997 

— 0.000295 

0.06329 

0.2129 

0.000000 

O.IOIOO 

0.3317 

0.000000 

BCTROLYTBS. 

Tablb  VI. 

H,S04. 

a  " 

•  0.417; /3  = 

=  5.404. 

c. 

a 

e  calc  —  e  obs. 

0. 0001 150 

0.000564 

+0.000063 

0.0003315 

0.00158 

+0.000204 

0.0006458 

0.00318 

+0.000257 

0.001339 

0.00703 

— 0.000024 

0.002243 

0.01155 

0.000000 

0.004175 

0.02102 

— 0.000041 

0.00942 

0.04507 

+0.000164 

0.0x646 

0.07569 

0.000000 

Tablb  VIII.    CoCU. 

a  " 

0.362;  /3  - 

2.456. 

c. 

e. 

e  calc.  —  e  obs. 

0.00173 

0.00930 

— 0.000082 

0.00209 

0. 01 I 10 

0.000000 

0.00892 

0.04575 

0.000000 

0.01008 

0.05149 

+0.000019 

0.02251 

0.1 126 

0.02375 

0.1 188 

0.05475 

0.2688 

0.05973 

0.2933 

0.1256 

0.6134 



0.2772 

1 .3932 

0.4217 

2.1899 

tCTROLYTBS. 

Tablb  X.    CdS04. 

a  « 

0.325;  /9  - 

4.421. 

c. 

e. 

ecalc  — eobn 

0.000239 

0.00084 

— 0 .000032           1 

0.000704 

0.00236 

— 0.000038 

0.0015 1 1 

0.00482 

— 0.000014 

0.002685 

0.00819 

+0 .000053 

0.006560 

0.01858 

— 0.000015           f 

0.01151 

0.03094 

0.01950 

0.04957 

0.03120 

0.07556 
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Tabi<b  XI.    CuSOi. 

a  =  0.2840;  j8  =  3-760. 

c,  e.  O  calc.  —  e  obs. 

0.000233  0.00077  +0.000015 

0.000286  0.00093  +0.000027 

0.000442  0.00143  +0.000027 

0.000735  0.00236  +0.000016 

0.000843  0.00266  +0.000048 

O.OOIO51  0.00336  — 0.000018 

0.001467  0.00461  — 0.000023 

0.001520  0.00483  — 0.000086 

0.00152 1  0.00479  — 0.000043 

0.002229  0.00677  +0.000036 

0.002328  0.00705  +0.000036 

0.002619  0.00789  +0.000022 

0.002653  0.00807  — 0.000061 

0.003441  o.oioii  +0.000093 

0.003999  o. 01 172  +0.000012 

0.004316  0.01255  +0.000031 

0.004810  0.01392  — 0.000014 

0.005433  0.0155 1  +0.000034 

0.006097  0.01718  +0.000093 

0.006670  0.01859  +0.000153 

0.007350  0.02046  0.000000 

o.oioooo  0.02700  0.000000 

0.0150  0.03885  

0.0200  0.0502  

o  .6300  o  .0726  ♦ 

0.1658  0.3344  

0.2333  0.4540  

0.3468  0.6410  

0.4081  0.7422  

0.5290  0.9409  

0.6236  I.I07I  

0.7453  1.3258  


Tabls  XII.     ZnSOi. 

a  = 

0.3250;  /3  ' 

=  4.421. 

c. 

e. 

0  calc.  —  e  obs. 

0.000136 

0.00050 

— 0.000028 

0.000236 

0.00081 

— 0.000002 

0.000399 

0.00139 

— 0.000046 

0.000597 

0.00196 

+0.000022 

0.000916 

0.00307 

— 0.000083 

0.001081 

0.00350 

— 0.000002 

0.001695 

0 .00546 

— 0.000104 

0.001853 

0.00583 

— 0.000004 

0.002776 

0.00858 

— 0.000074 

0.002850 

0.00868 

+0.000035 

0.004019 

0.0H92 

+0.000060 

0.004412 

0.01309 

-0.000044 

0.005160 

0.01499 

+0.000067 

0.006259 

0.01786 

+0.000081 

0.006510 

0.01862 

— 0.000034 

Uni-Trivai.bnt  and  Tri-Univai,bnt  Elbctrolytbs. 
Tablb  XIII.    Ka^e(CN)6.  Tabi^b  XIV.    La(NO,),. 

a  =  0.420;  fi  =  8.531.  «  =  0.420;  /3  »  8.531. 

c.  e.  e  calc.  —  e  oba.  e.  O.  O  calc.  —  O  ob«. 

0.00050       0.003675       — 0.000130  0.00132       0.00915  —0.000030 

o.ooioo      0.00714        — 0.000177  0.00354      0.02345  +0.000038 

0.00200      0.01362        — o.ooooio  0.00806      0.05090  +0.000074 

0.60400      0.02656        — 0.000198  0.00857      0.05370  +0.000085 

0.00600      0.03828        +0.000342  0.02222      0.1328  

0.02360   0.1404     

0.04337   0.2508     

0.051 19   0.2937     

0.08661   0.4878     

0.17486   0.9698     
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ering,^  are  not  of  the  highest  accuracy,  but  are  given  to  show  the  trend 
of  the  curve  in  the  more  concentrated  solutions.  The  same  is  true  of 
Bedford's  values  for  potassium  ferricyanide.  The  data  for  all  the  re- 
maining salts  are  taken  from  Hall  and  Harkins.^ 

These  various  values  have  been  plotted  in  Figs,  i,  2  and  3,'  and  the  val- 
ues of  a  and  of  p  obtained  from  the  plots  are  given  in  the  individual 
tables.  The  remarkable  agreement  with  the  straight  line  formula  is 
shown  not  only  by  the  curves  but  also  in  the  tables,  where  the  difference 
between  the  observed  values  of  G  and  those  calculated  from  our  formula 
are  given  for  the  more  dilute  solutions.* 
Calculation  of  the  Thermod3mamic  or  Corrected  Degree  of  Dissociation. 

By  rearrangement  of  Equation  10  we  may  write 

e  =  Xwc  — |fe"  +  *.  (11) 

Differentiating, 

do  =  fiXdc  —  p{a  +  i)c"dr  (12) 

and  dividing  both  sides  by  n\c, 

— -  =  dine  —  '^ ~ dc.  (13) 

n\c  n\ 

This  form  of  our  empirical  equation  we  may  now  combine  with  the  ther- 

modjmamic  Equation  8,  giving 

fdlnx  =  fdlnc  -  ?(fL+i)  f^--^  dc,  (14) 

fiK      J 

Integrating  between  Co  and  c,  % 

Inx  —  Inxo  ^Inc  —  Inco  —  ^i^L±il  (c«  _  c%).  (15) 

nha 

Now  if  we  take  one  of  our  limits  at  infinite  dilution,  namely,  Co  »  o, 

then  Xo  =  Co,  and 

Inx^lnc-^^'^X'^''  (16) 

nKa 


and  writing  y  =  x/c, 

or  with  common  logarithms. 


^  '  2.303  nXa 

*  Pickering,  Bet.,  35,  13 14  (1892). 

«  Hall  and  Harkins,  Tras  Journal,  38,  2658  (19x6). 

*  In  the  figures  the  plain  circles  are  used  to  denote  KCl,  KIOj,  CUSO4,  MgSOi, 
H1SO4,  K,S04,  C0CI2  and  La(N08)8.  The  circles  with  lines  drawn  through  them  are 
used  to  denote  NaCl,  NalOs,  ZnS04,  BaCh  and  KsFeCCN*). 

*  At  concentration  below  0.00 1  M  no  great  weight  can  be  given  to  any  individual 
measurement,  for  below  this  concentration  a  large  percentage  error  is  inevitable  even 
in  the  most  careful  work;  thus,  at  o.ooi  M  an  error  of  o.oooi*  is  an  error  of  1%  to 
3%,  depending  upon  the  typ^  of  electrolyte. 
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This  equation  offers  an  extremely  simple  and,  we  believe,  an  entirely 
accurate  method  of  calculating  the  corrected  degree  of  dissociation  of 
any  electrol)rte  when  the  constants  a  and  p  are  obtained  from  freezing- 
point  measurements.  It  is  of  coiu^e  applicable  only  in  the  range  of 
concentration  where  the  linear  formxila  holds.  It  would  be  an  easy  mat- 
ter to  proceed  to  higher  concentrations  either  by  adding  a  new  term  with 
a  new  constant  to  our  empirical  formula,  or  by  plotting  the  difference 
between  the  actual  results  and  those  of  the  linear  formula  and  thus  by 
graphical  methods  obtain  corrections  to  the  results  obtained  by  Eqtia- 
tion  18.  However,  since  the  deviations  from  the  linear  formula  appear 
at  about  the  concentration  where  the  heat  of  dilution  begins  to  be  meas- 
urable, and  since  these  heats  of  dilution,  which  are  necessary  for  a  calcu- 
lation of  the  degree  of  dissociation  at  other  temperatures,  are  now  being 
subjected  to  a  thorough  investigation  in  this  laboratory,  we  will  here 
content  ourselves  with  the  application  of  Equation  18  to  the  dilute  sdu- 
tions  where  the  linear  formula  holds. 

The  values  for  the  corrected  degree  of  dissociation,  which  are  obtained 
from  Equation  18  by  the  use  of  the  values  of  a  and  /3  given  in  the  preceding 
tables,  are  valid  for  any  ordinary  temperatures.  The  values  of  the  per- 
centage ionization,  1007,  are  given  in  Table  XV. 

The  extraordinary  divergence  between  the  degree  of  ionization  obtained 
by  thermodynamic  methods  and  the  degree  of  ionization  as  it  is  ordin- 
arily obtained  from  conductivity  data  is  very  pronounced  even  in  these 
extremely  dilute  solutions.  The  greatest  divergence  occurs  in  the  case  of 
cupric  sulfate,  where  it  has  already  been  observed  by  Lewis  and  Lacey.^ 
In  order  to  show  how  great  this  difference  is  we  give  in  Table  XVI  our 
values  of  7  at  0.0 1  molal  by  the  side  of  the  values  of  X/X©  given  by 
Noyes  and  Falk.*  Even  at  o.ooi  M  X/X©  for  cupric  sulfate  is  86.2, 
while  our  value  is  only  52.6. 

Tablb  XVI. 

c  =  o.oi  M, 

KCl.        NaCI.       KIOi.       NalO^     K*S04. 

y 0.925     0.925     0.872     0.872     0.687 

X/Xo 0.941     0.936     0.928     0.917     0.872 

Bbkkki«By,  Cal. 

*  Lewis  and  Lacey,  This  Journai,,  36,  804  (19 14). 

*  Noyes  and  Falk,  Ibid.,  34,  474  (191 2). 
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THE  TRANSITION  OF  DRY  AMMONIUM  CHLORIDE. 

By  Alexander  Smith,  Herbert  Eastlack,  and  George  Scatchard. 

Received  August  28,  1919. 

Introduction  and  Theoretical  Part. 

The  object  of  this  work  was  to  determine  whether  dry  ammonium 
chloride  changes  to  a  different  crystalline  form  at  184.5®  as  ordinary  am- 
monium chloride  does.  The  particular  interest  of  this  problem  Hes  in 
its  possible  bearing  on  the  anomalous  vapor  density  of  dry  ammonium 
chloride. 

It  has  been  definitely  established  by  the  work  of  Breton  Baker^  that 
the  reaction 

NH4CI  Z;^  NHj  +  HCl 
does  not  proceed  in  either  direction  in  the  absence  of  water  as  catalyst. 
As  is  well  known,  the  vapor  density  of  undried  ammonium  chloride  from 
300**  to  360®  corresponds  to  a  high  degree  of  dissociation  ;2  but  Baker  found 
by  both  the  Dumas  and  Victor  Meyer  methods  that  the  vapor  density  of 
the  dried  substance  corresponds  closely  to  NH4CI,  indicating  no  dissocia- 
tion. Since  both  of  these  methods  require  about  one  atmosphere  for 
operation,  we  may  infer  that  the  vapor  pressine  of  the  dried  salt  is  about 
the  same  as  of  the  undried.  F.  M.  G.  Johnson'  has  measured  the  vapor 
pressiure  of  undried  and  dried  ammonium  chloride,  using  the  same 
apparatus  and  substance  for  each,  and  has  found  that  the  vapor  pressures 
are  the  same  from  212®  to  333*^,  but  that  the  vapor  density  of  the  undried 
sample  at  323®  (420  mm.  pressure)  corresponds  to  98%  dissociation, 
while  that  of  the  dried  substance  at  the  same  temperature  and  with  equal 
presstu*e  corresponds  to  only  8%  dissociation.  In  his  method,  the  vapor 
density  bulb  is  at  a  higher  temperatine  than  the  bulb  containing  the  solid 
salt,  and  he  is,  therefore,  not  dealing  with  the  saturated  vapor. 

The  partial  pressure  of  undissociated  ammonium  chloride  vapor  in 
equilibrium  with  the  undried  solid  must  then  be  small  while  that  in  equi- 
librium with  the  dried  solid  is  practically  the  total  pressure.  Abegg* 
was  the  first  to  call  attention  to  this  apparent  anomaly  of  the  change  in 
the  equilibrium  point  of  a  heterogeneous  equilibrium  by  a  catalyst,  and 
it  was  at  his  suggestion  that  Johnson's  work  was  undertaken.  One  of 
the  most  plausible  explanations  is  that  of  Wegscheider' — ^that  the  transi- 
tion of  ammonium  chloride  does  not  take  place  in  the  absence  of  water, 

» Baker,  /.  Chem.  Soc,  65,  615  (1894);  73»  422  (1898). 

'  65%  at  300*,  and  63%  at  330°  for  the  saturated  vapor.     (Smith  and  Lombard, 
Tras  Journal,  37,  48  (1915)) 

*  Johnson,  Z.  physik.  Chem.,  61,  457  (1908). 

« Abcgg,  Ibid.,  61,  455  (1908). 

»  Wegscheider,  Ibid.,  62,  607  (1908). 
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and  that  the  pressure  of  NH4CI  from  the  tmstable  form  is  acddentaUy 
the  same  as  the  total  presstire  of  NH4CI,  NHs  and  HCl  from  the  stable 
form. 

Scheffer/  who  determined  the  transition  point  as  184.5^  and  measured 
the  heat  of  transition  and  the  specific  heats  of  the  two  forms  near  this 
temperature,  does  not  consider  the  thermal  effect  large  enough  to  explain 
the  phenomenon.  Lately,  Wegscheider*  has  calculated  the  heat  of  transi- 
tion necessary,  and  has  found  that  it  woxild  be  4  times  the  value 
found  by  Scheffer.  His  calculations  contain  many  asstunptions  that 
are  little  justified,  but  the  allowance  for  error  is  so  large  that  we  may 
agree  with  his  conclusions.  He  then  suggests  other  explanations  by 
transition  points,  which  will  be  discussed  below  in  relation  to  our  own 
work. 

The  transition  point  was  determined  by  the  ordinary  thermal  method, 
which  depends  upon  the  latent  heat  of  transition.  The  simplest  form 
of  this  method  is  to  place  a  thermometer  with  its  bulb  in  the  center  of  a 
few  grams  of  the  substance  in  a  test-tube,  to  place  the  test-tube  in  an  effi- 
ciently stirred  bath  of  relatively  large  heat  capacity,  also  equipped  with 
a  thermometer,  and  to  heat  or  cool  the  bath  regularly  and  fairly  rapidly, 
determining  the  readings  of  the  two  thermometers  at  frequent  intervals- 
It  is  customary  to  plot  the  temperature  as  ordinates  and  the  times  as 
abscissas.  The  curve  for  the  bath  is  then  a  nearly  straight  line.  When 
there  is  no  change  of  phase  in  the  substance,  its  curve  is  very  neariy 
parallel  to  that  of  the  bath  but  lies  to  its  right;  the  perpendicular  distance 
between  the  two  lines  represents  the  temperature  gradient  between  the 
outer  surface  of  the  substance  and  the  thermometer  bulb.  But  near  the 
transition  point  there  is  a  distinct  change  in  the  form  of  the  curve.  The 
tendency  of  the  substance  is  to  remain  at  the  constant  temperature  of 
the  transition  point  tmtil  all  is  transformed,  which  would  give  a  hori- 
zontal line  at  the  transition  point.  But  the  phenomena  of  superheating 
or  supercooling  (which  are  conspicuous  with  ammoniiun  chloride)  may 
cause  an  initial  passing  of  the  transition  point  with  a  later  return  toward 
it,  which  is  illustrated  by  the  cooling  curve  (Fig.  2).  Also,  the  rapidly 
changing  temperature  of  the  bath  may  cause  a  gradual  change  of  tempera- 
ture dtuing  transition.  The  combination  of  the  two  effects  is  shown  by 
the  heating  curve  (Fig.  i),  where  the  rapid  addition  of  heat  had  straightened 
out  the  sag  due  to  superheating,  but  the  horizontal  line  is  above  the  true 
transition  point.  In  any  case,  the  curve  approaches  the  horizontal  near 
the  transition  point,  and  then  becomes  much  steeper  than  the  curve  for 
the  bath  after  all  the  substance  is  transformed. 

*  Scheflfer,   Verslag.  Akad.  WeUnschappen  Atnsterdam,  18,  446  (1915);  Ibid.,  18, 
1498  (1916). 

*  Wegscheider,  Z.  anorg.  Chem.,  103,  207  (1918). 
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The  quantity  of  substance,  the  method  of  packing,  and  the  size  of  the 
thermometer  bxilb  also  have  considerable  influence  on  the  shape  of  the 
curves.  For  these  reasons  this  method  generally  serves  only  for  an  ap- 
proximate determination  of  transition  points.  So  we  have  used  ordinary, 
imcalibrated  merciuy  thermometers,  and  have  made  no  correction  for 
exposed  stem. 
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Figs.  I  and  2  are  typical  heating  and  cooling  curves.  They  represent 
the  curves  for  the  bath  (dot  and  dash  line),  for  ordinary  imdried  ammo- 
nium chloride  in  a  test-tube  (dotted  line),  and  for  dried  ammonium  chlo- 
ride (full  line),  all  determined  at  the  same  time.  For  the  last  it  was 
necessary  to  use  a  more  complicated  apparatus  to  obtain  and  maintain 
anhydrous  conditions.  The  manipulation  and  the  corresponding  table 
are  given  under  Apparatus  No.  4.  They  show  very  clearly  a  transition  in 
the  interval  172  °  to  184**  (imcorr.),  and  show  how  closely  the  curves  for  the 
dried  and  the  undried  salt  correspond.  Since  these  determinations  are 
only  approximate,  it  has  not  been  considered  worth  while  to  give  the  curves 
for  the  other  tables,  since  a  glance  at  the  tables,  especially  the  coliunns 
giving  the  average  temperature  change  per  minute,  will  show  that  there 
is  an  inflection  in  each  case  at  about  this  temperature. 

Let  us  compare  the  thoroughness  of  our  drying  with  that  of  the  in- 
vestigators who  have  found  abnormal  densities.  Baker^  dried  his 
apparatus  by  heating  in  boiling  mercury  while  a  current  of  dry  air  was 
passed  through.  After  the  introduction  of  the  substance  and  the  phos- 
phorus pentoxide,  he  let  it  stand  not  longer  than  two  weeks  at  room 
temperature.  Johnson^  performed  the  preliminary  drying  by  heating 
the  evacuated  apparatus  a  long  time  at  300®.  After  the  introduction 
*  Loc.  cit. 
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of  the  materials,  he  allowed  it  to  stand  5  weeks  at  ordinary  temperature. 
We  dried  the  apparatus  by  heating  with  a  small  flame  while  passing 
through  a  current  of  dry  air,  and  dried  the  salt  after  its  introduction,  at 
155**  to  165®  for  45  days,  or  3  years  at  room  temperature,  with  care  to 
present  as  large  a  surface  of  the  sc4id  as  possible.  Therefore,  our  ma- 
terial was  much  more  carefully  dried  than  that  which  did  not  dissociate. 
In  every  case  the  transition  occurred  as  with  the  tmdried  ammonium 
chloride. 

Wegscheider's  first  explanation  by  the  failure  of  dried  ammonium 
chloride  to  imdergo  the  known  transition  at  184.5**  is  rendered  improba- 
ble by  the  work  of  Sclieffer  and  wholly  imtenable  by  the  fact  that  it  does 
undergo  transition.  The  fact  that  the  transition  occurs  at  the  same 
temperature  also  excludes  the  explanation  by  another  transition  at  a 
lower  temperature.  Our  work  has  no  bearing  on  a  second  transition  at  a 
higher  temperature.  But  if  that  were  to  account  for  the  anomaly,  the 
heat  of  transition  would  have  to  be  very  large,  and  the  fact  that  Scheffer 
searched  for  it  in  vain  strongly  indicates  its  nonexistence. 

Wegscheider's  third  possible  explanation  is  that  ordinary  a-NHiCl 
is  a  labile  form,  which  dianges  to  a'-NHiCl,  but  only  at  higher  tempera- 
tures and  in  the  presence  of  moisture.  It  is  the  transition  a'-NHtCl  = 
i8-NH4Cl  which  occurs  at  184.5®,  ^^^  the  a-NH4Cl  does  not  imdergo 
transition.  This  would  imply  a  transition  from  a-NH4Cl  to  a'-NH4Cl, 
although  not  necessarily  at  a  definite  temperature,  and  it  is  imposdble 
as  an  explanation  since  dried  ammonium  chloride  does  undergo  transi- 
tion at  this  higher  temperatiu-e. 

His  fourth  explanation  is  that  the  ordinary  a-NHiCl  is  stable  and 
undergoes  transition  at  184.5**  ^^  ^^  /J-form;  but  that  sometimes  in 
the  preparation,  a  labile  a'-NH4Cl  is  formed,  which  does  not  undergo 
transition  in  the  absence  of  moisture  and  which  evaporates  without  disso- 
ciation. Evidently,  one  may  assume  any  value  for  the  heat  of  reaction 
of  a'-NH4Cl  =  a-NH4Cl  and  for  the  specific  heat  of  the  a'-NHUCl  with- 
out contradicting  any  experimental  evidence,  if  he  assumes  that  all  calori- 
metric  measixrements  have  been  made  on  the  stable  a-form.  Similarly, 
our  results  would  have  no  bearing  on  the  case,  as  we  did  not  happen  to 
work  with  the  a'-NH4Cl. 

Wegscheider  supports  this  hypothesis  with  the  statement  that  Johnson 
with  dried  ammonium  chloride  obtained  sometimes  undissodated  and 
sometimes  dissociated  vapor.  However,  Johnson  worked  with  only  one 
sample  of  dried  ammonium  chloride,  upon  which  he  made  one  measurement 
of  vapor  density  and  one  ascending  and  descending  vapor-pressure  curve. 
He  then  allowed  moisture  to  enter  and  made  the  same  measurements 
on  the  undried  substance.  Moreover,  a  series  of  several  measurements 
of  the  vapor  density  of  ammonium  chloride  dried  9  months  at  room  tern- 
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perature  gave  not  a  single  case  of  vapor  density  corresponding  to  disso- 
ciation.^ The  only  recorded  case  of  ammonium  chloride  which  had  been 
submitted  to  an  attempt  at  drying  and  gave  dissociated  vapor  is  that  of 
Gutmann,*  and  Baker'  daims  that  he  failed  to  obtain  anhydrous  condi- 
tions. Therefore,  there  is  no  justification  for  attributing  the  higher 
vapor  density  to  a  rare,  accidental  form.  However,  the  only  experi- 
mental answer  to  this  assumption  would  be  to  make  simultaneous  de- 
terminations of  vapor  density  and  transition  pdnt,  and  so  see  whether 
the  same  sample  did  undergo  transition  and  give  undissodated  vapor. 

Experimental  Part 
Material* 

Ammonium  Chloride. — For  Tubes  2  and  3,"Baker's  Special"  am- 
monium chloride  was  boiled  with  dil.  nitric  add,  recrystallized  twice  from 
distilled  water,  sublimed  in  vacuo,  reoystallized,  resublimed,  reoystallized, 
powdered  findy,  and  dried  at  iio^  for  24  hours.  For  Tubes  4,  5  and  6, 
c.  P.  ammonium  chloride  was  reoystallized  from  distilled  water,  dried, 
sublimed  in  vacuo,  ground  to  a  fine  pow- 
der, and  dried  at  112^  for  several  hours. 

Phosphorus  Pentoxide.  —  Phosphorus 
pentoxide  was  sublimed  in  a  current  of 
oxygen  over  red-hot  platinum  sponge.    It 
was  free  from  phosphorus  trioxide. 
Apparatus. 

The  apparatus,  as  shown  in  Pig.  3, 
consists  of  a  tube  £  to  contain  the  am- 
monium chloride  and  the  thermometer 
bulb  and  with  a  long  nedc  for  the  stem 
of  the  thermometer  and  a  side  tube  with 
two  bulbs  (i  and  2)  for  phosphorus  pen- 
toxide, which  was  also  used  to  make  the 
connection  to  the  pump  at  C.  The  ther- 
mometers were  the  ordinary  360**  type 
sdected  to  fit  tightly  in  the  nedc  of  the 
tube.  «_ 

Preparation  of  Apparatus. 

The  apparatus  was  thoroughly  deaned 
with  sulfuric  add-dichromate  mixture  and 
with  distilled  water,  and  was  finally  dried 
by  heating  over  its  entire  smf  ace  with  a 
small  Bunsen  flame  while  drawing  through 

>  Unpublished  work  of  Smith  and  Lombard.  Fig.  3. — ^Apparatus  for  the  observation 

*  Gutmann,  Ann,,  299, 267  (1898).  of  transi^on  of  "dry"  ammoniiitn 

*  Baker,  /.  Ckem,  Soc„  73,  422  (1898).  chloride. 
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a  current  of  dry  air.  While  the  tube  was  still  hot,  about  1 5  g.  of  1 
chloride  was  quiddy  introduced  directly  from  the  oven,  the  carefully 
deaned  and  dried  thermometer  was  put  into  place,  and  the  tube  was 
sealed  off  at  A.  Then  2  or  3  g.  of  phosphorus  pentoxide  was  put  into 
bulb  I  and  the  constriction  at  B  sealed  off. 

Drying  and  Determination  of  Transition  Point. 

Apparatus  No.  2. — ^The  apparatus  was  sealed  to  the  mercury  pump 
at  C,  exhausted  to  o.ooi  mm.  pressure  (McLeod  gage),  and  sealed  off  at 
D.  The  bulb  E,  containing  the  ammonium  diloride,  was  heated  by 
boiling  anisole  (154**)  while  the  phosphorus  pentoxide  bulbs  were  cooled 
by  immersion  in  running  tap  water.  After  3  days'  heating,  about  Vj 
of  the  pentoxide  was  carefxilly  distilled  from  bulb  i  to  bulb  2. 

After  nine  days'  continuous  heating,  heating  and  cooling  curves  were 
made.  The  heating  was  done  in  a  bath  of  "crisco,"  in  whidi  the  Tube  E 
was  immersed  well  above  the  level  of  the  ammonium  chloride.  The  bath 
was  made  of  a  liter  beaker  wrapped  with  asbestos  and  heated  by  an  elec- 
tric hot-plate  in  a  room  with  windows  and  doors  dosed  to  jn^vent  drafts. 
In  each  case  the  temperature  of  the  bath,  as  determined  at  frequent  in- 
tervals, increased  regularly  but  with  diminishing  rapidity  lat  the  higher 
temperatures. 

As  indicated  in  the  following  table,  the  transition  occurred  at  183^  and 
at  175**  on  heating  and  cooling,  respectivdy: 


Temp. 
Degrees- 

Hating  rate.' 
Degrees. 

Time. 
Minutes. 

Temp. 
Degrees. 

CooUngrate. 
Degreet. 

Time. 
Minutes 

175.0 

0.0 

177.0 

0.0 

180.0 

+  1.7 

3.0 

175.0 

—1.3 

1.5 

183.0 

0.9 

6.3 

174. 1 

0.5 

3.25 

183.2 

O.I 

8.0 

1745 

+0.2 

5.0 

183.5 

0.2 

9.5 

174.7 

4-0.2 

6.0 

184.0 

0.3 

II. 0 

174.0 

— 0.2 

9.0 

185.0 

0.4 

13.5 

173.0 

0.4 

II. 6 

190.0 

I  .2 

17.6 

170.0 

0.9 

15.0 

*  Rate  is  average  change  in  degrees  per  minute  since  previous  reading. 
The  bulb  was  further  heated  at  155-165**  in  an  dectrically  heated 
air  bath.  After  45  da3rs'  continuous  heating,  the  transition  point  was 
redetermined.  Just  as  the  slight  drop  in  temperattu-e  from  184**  was  ob- 
served, the  tube  cracked — ^presumably  due  to  the  expansion  of  the  salt 
on  transition,  for  dtuing  the  heating  it  had  become  padced  in  a  hard  mass 
between  the  thermometer  and  the  tube  The  determination  had  pro- 
ceeded far  enough  to  indicate  a  transition  of  184**. 

Temp. 
Degrees. 

175  O 

180.0 

182.0 

184.0 

183.8 


Rate. 
Degrees. 

Time. 
Minutes 

0.0 

+  1.2 

4.3 

I  .0 

6.3 

I  .0 

8.4 

— o.a 

9.2 
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Tubes  3, 4, 5  and  6  were  sealed  to  the  pump  at  C,  exhausted  to  o.ooi 
mm.,  and  allowed  to  stand  overnight;  they  were  then  heated  with  a  small 
flame  (with  the  exception  of  the  ammonium  chloride  and  the  pentoxide 
bulbs),  again  exhausted  to  o.ooi  mm.,  and  sealed  off  at  D.  They  were 
similarly  heated  several  times  during  the  next  few  days.  Finally,  the 
pentoxide  was  carefully  distilled  into  bulb  2. 

The  ammonium  chloride  was  shaken  down  so  that,  with  the  apparatus 
on  its  side,  a  large  surface  of  the  salt  over  nearly  the  full  length  of 
Tube  B  was  exposed  to  the  drying  atmosphere,  and  the  tubes  were  left 
thus  to  dry. 

Apparatus  No.  6. — ^After  drjring  14  months  (June  i,  1916  to  August 
10,  1917),  the  transition  point  was  determined  as  before.  During  the  de- 
terminationi  the  pentoxide  bulbs  were  cooled  in  ice-water.  The  transi- 
tion occurs  r^;ularly  at  184-185^.  The  table  includes  the  temperattu'e 
of  the  bath. 


Temp,  of 
NH«a. 
Degrees. 

Kate. 

De- 

greet. 

Temp, 
of  bath. 
Degrees. 

Rate. 
De- 
grees. 

Time. 
Minutes. 

Temp,  of 
NH«C1. 
Degrees. 

Rate. 
De- 
grees. 

Temp, 
of  bath. 
Degrees. 

Rate. 
De- 
greet. 

Time. 
Minutes. 

175.0 

183 

0.0 

189.5 

— 0.2 

219 

+  1.7 

20.1 

180.0 

+3.3 

1.5 

189.0 

-0.3 

22.9 

182.0 

3.0 

2.2 

189.5 

4-o.'2 

25.3 

183.0 

2.5 

2.6 

190.0 

0.2 

27.5 

184.0 

I.I 

3.5 

191 .0 

0.2 

33.8 

184.5 

0.5 

4.6 

192.0 

0.2 

38.3 

185.0 

0.7 

5.3 

193.0 

0.4 

40.6 

186.0 

0.8 

6.6 

194  0 

0.5 

42.5 

190.0 

1.9 

8.7 

195.0 

1.0 

43.3 

193.0 

1.8 

202 

1.8 

10.4 

200.0 

1.2 

47.4 

194.0 

0.5 

12.3 

205.0 

2.5 

49.4 

193.0 

—0.5 

14.3 

215.0 

4.0 

260 

3 

51.9 

192.0 

— I.O 

211 

1.8 

15-3 

240.0 

0.5 

100.8 

191 .0 

—0.9 

16.4 

190.0 

—0.7 

17.9 

It  will  be  observed  that  there  is  a  second  drop  in  the  temperature  at 
194^.  This  is  undoubtedly  due  to  distillation  of  the  ammonium  chloride 
and  a  consequent  isolation  of  the  thermometer  bulb.  At  the  end  of  the 
determination,  the  salt  had  entirely  distilled  into  the  upper  part  of 
the  apparatus.  The  same  effect  was  observed  in  very  carefully 
evacuated  tubes  containing  ammonium  chloride  without  the  addition 
of  phosphcmis  pentoxide.  In  3  cases  the  distillation  occurred  at  150, 
160  and  167^.  This  larger  thermal  effect  would  of  course  hide  a 
transition  point.  The  last  of  these  determinations  is  given  in  the  fol- 
lowing table: 
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Temp,  of 
NH«a. 
Degrees. 

160.0 

165.0 

167.0 

166.8 

166.5 

166.2 

166.0 


Temp. 
Rate,      of  bath. 
Degrees.  Degrees. 

170 


Rate.        Time. 
Degrees.  Minutes. 


Temp,  of  Temp. 

NHjO.       Rate,     of  birth.  ^  _____ 
Degrees*  Degrees.  Degrees.  Degrees. 


+  1.1 
0.5 
—0.05 
— 0.2 

—0.15 
—0.4 


181 


190 


+2.3 
+I.I 


0.0 

4.7 
9.0 
13.2 
14.5 
16.5 
17.0 
19.7 


165.9 
166.0 
166.4 
167.0 
168.0 
169.0 
170.0 


+0.01 
0.04 
0.06 
O.I 
O.I 
O.I 
O.I 


200    +0 


217 


.7 

28.2 

30.5 

37.2 

.7 

43.5 

51.5 

61.0 

.25 

72.0 

165.8    — 0.07 

Apparatus  No*  5. — ^Treated  exactly  as  No.  6,  it  shows  the  same  thenna 
effects — ^transition  at  184-185^  and  the  distillation  commencing  at 
198.5  instead  of  at  I94^ 


Temp,  of 

NH«CI. 

Degrees. 

Rate. 
De- 
grees. 

Time  Temp,  of 
Min.  NH/X 
utes.  Degrees. 

Rate. 

De- 

grees. 

Time. 
Min- 
utes. 

173.0 

0.0 

185.0 

+1.7 

7.0 

177.0 

+4.0 

I.O 

187.0 

2.2 

7.9 

180.0 

3.3 

1.9 

190.0 

3.7 

8.7 

182.0 

1.8 

3.0 

195.0 

2.9 

10.4 

182.5 

0.5 

4.1 

196.0 

1.2 

II. 2 

183.0 

0.6 

5.0 

198.0 

1.0 

13.3 

184.0 

0.7 

6.4 

198.5 

0.3 

15.0 

Temp.of 

NH«CI. 

Degrees. 

Rate. 

De- 

grees. 

Time.  Temp,  of 
Min-    NH4CI. 
ates.  Degrees. 

De- 
grees. 

Time. 
ICis- 
vtcs. 

198.5 

*o.o 

16.0     200  +0.3 

48.4 

198.0 

— 0.2 

18. 1     205 

0.5 

59.5 

197.0 

--0.4 

20.8     210 

1.6 

62.6 

196.6 

220 

4.3 

64.9 

197.0 

26.7     230 

5.9 

66.6 

198.0 

+0.1 

37.8     256 

3.9 

73.3 

199.0 

O.I 

44.8      ... 



Apparatus  Nos.  3  and  4. — ^They  were  dried  at  room  temperature  for 
3  years  (Jime  i,  1916-May  15,  1919),  and  then  heated  to  100**  for  3  periods 
of  10  hours  each.  At  the  end  of  the  final  period,  the  temperature  at  tiie 
very  base  rose  to  200-250®,  which  caused  the  distillation  of  the  salt  from 
the  bottom.  However,  the  thermometers  were  still  well  surrounded  by 
the  caked  salt.  Heating  and  cooling  curves  were  taken  without  cooling 
the  pentoxide  bulbs.    Apparatus  No.  3. 


Heating. 


Cooling. 


Temp.of  Rate. 
NH«a.    De- 
Degrees,  grees. 

Time. 
Min- 
utes. 

Temp,  of 
NH4a. 
Degrees. 

Rate. 
De- 
grees. 

Time. 
Min- 
utes. 

Temp,  of    Rate.  Time.  Temp,  of  Rate.  Time. 
NH«a.       De-    Min-    NH«CL     De-      Mia- 
Degrees.    grees.  utes.  Degrees,  grees.    ntcs. 

170 

0.0 

188 

+0.4 

II. 7 

185.0        ...     0.0 

171    - 

-1.0 

10.5 

174     +2.2 

1.8 

189 

0.7 

13.2 

180.0  — 2.4     2.1 

170 

0.8 

11.7 

178 

2.5 

3.2 

190 

0.8 

14.5 

175.0       2.1     4.5 

169 

1.2 

12.5 

182 

2.2 

5.0 

191 

2.0 

15.0 

173.0       2.5     5.3 

168 

2.0 

13.0 

184 

2.0 

6.0 

192 

1.4 

15.7 

172.0       1.4     6.0 

167 

5.0 

13.2 

185 

3.3 

6.3 

193 

3.3 

16.0 

172.5   +0.2     8.1 

165 

3.0 

13.9 

186 

1.0 

7.3 

195 

4.0 

16.5 

172.0—0.4     9.5 

160 

4.2 

15. 1 

187 

0.5 

9.3 

200 

3.8 

17.8 



... 

... 

... 

The 

transition  occurs  at . 

186^  and 

172^  on  heating 

and  a 

xdinfi 

\  re- 

spectively.    With  ordinary  ammonium  chloride  (undried),  determiiied 
at  the  same  time,  the  temperattu-es  of  transition  were  186^  and  170^ 

Apparatus  No.  4. — ^The  curves  for  this  determination  as  well  as  for 
the  bath  temperatures  and  the  curves  for  undried  ammonium  diloride 
are  given  in  Fi^.  i  and  ?. 
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Hcfttiiif.  Cooling. 


Team,  of  Rate.  Time.  Temp,  of 

NH«CL    De.      Min-    NH«C1. 

Decrees,  crecs.     utea.   Degrees. 

Rate. 
De- 
gree*. 

Time. 
Min- 
utes. 

Temp  of 

NH4a. 

Degrees. 

Rate. 
De- 
grees. 

Time. 
Min- 
utes. 

Temp,  of  Rate. 
NHiQ.     De- 
Degrees,  greea. 

Time. 
Min- 
utes. 

170 

0.0 

185 

+  1.0 

12.8 

184.0 

0.0 

171 

+2.0 

7.2 

174 

4-2.0 

2.0 

186 

1.4 

13.5 

180.0 

— 2.7 

1.5 

172 

+  1.2 

8.0 

178 

2.0 

4.0 

187 

3.3 

13.8 

176.0 

2.4 

3.2 

172 

*o.o 

9.2 

180 

2.0 

50 

188 

2.5 

14.2 

172.0 

2.2 

5.0 

171 

—0.6 

10.8 

182 

2.0 

6.0 

190 

3.3 

14.8 

171 .0 

3.3 

5.3 

170 

1.4 

II. 5 

183 

2.0 

6.5 

194 

2.5 

15.8 

170.0 

1-4 

6.0 

169 

3.3 

II. 8 

184 

I.O 

7.5 

200 

2.7 

18.0 

169.5 

2.5 

6.2 

168 

5.0 

12.0 

184 

*o.o 

II.8 

170.0 

+  1.0 

6.7 

164 

4.0 

13.0 

Tranaitioa  occurs  at  184^  and  172^  on  heating  and  cooling,  respec- 
tively. With  the  undried  ammonium  chloride  determined  at  the  same 
time»  the  transition  occurs  at  184^  and  173^. 

Summary* 

1.  Ammonium  chloride  in  the  absence  of  water  (dried  45  days  at  155- 
165^  or  3  years  at  room  temperature  with  phosphorus  pentoxide  in  a 
high  vacuum)  undergoes  transition  at  184. 5^  the  same  as  the  un^dried 
salt. 

2.  In  the  thermal  measurement  of  transition  pdnts  in  a  high  vacuum, 
confusion  may  result  from  the  greater  thermal  effects  of  distillation. 

3.  W^;scheider's  explanations  of  the  anomalous  vapor  density  of  dried 
ftwtfinsiitmi  chloride  by  a  failure  to  undergo  transition  in  the  absence  of 
water  are  untenable  in  the  fight  of  these  results. 

N«w  York.  N.  Y. 


[Contribution  prom  thb  MicmoAN  Coix8G9  of  Minbs.] 

THB  DECOMPOSITION  OF  STANNOUS  CHLORIDE  BY  WATER 
AND  BY  POTASSIUM  HYDROXIDE  SOLUTIONS. 

By  C.  M.  Carson. 

Recdyed  September  12,  1919. 

Introductory. 
The  experiments  described  in  this  paper  were  undertaken  for  the  pur- 
pose of  determining  the  composition  of  the  precipitates  formed  when 
stannous  chloride  is  decomposed  by  water.  For,  although  the  appear- 
ance of  these  precipitates  is  well  known,  no  information  concerning  them 
is  found  in  the  Uterature  with  the  exception  of  that  contained  in  brief 
papers  by  Ditte,^  published  37  years  ago.  Ditte  states  that  SnClj.- 
2HsO,  when  boiled  with  water,  forms  a  hydrated  oxychloride  SnCla.SnO.- 
6HsO;  that  this,  when  boiled  with  water  to  which  stannous  chloride  is 
added,  Httle  by  Kttle,  forms  a  crystalline  basic  salt,  2SnCl2.3SnO.6H2O; 
and  that  the  last  named  by  further  treatment  with  stannous  chloride 
solution,  yields  a  less  basic  precipitate,  SnCl2.SnO.4H3O. 
*  Compt.  rend,,  94,  792,  864  (1882);  Ann.  chim.,  Is]  37f  U5  (1882). 
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Recently,  an  anhydrous  basic  stannous  chloride  has  been  described  by 
Keller.^  This  matoial  was  fotmd  enclosed  in  a  tin  object  brought  from 
an  Indian  mound  in  Florida,  and  had  approximately  the  composition  repre- 
sented by  SnCl2.SnO,  Preliminary  analysis,  by  Keller,  of  an  impure 
specimen  of  it  gave  67%  of  tin  and  13 .6%  of  chlorine,  while  two  analyses 
of  more  carefully  selected  samples  gave: 


Sn 70.92 — 73.06 

CI 21 .68 21 .98 

Impurities o  .26 

The  present  writer  has  prepared  a  oystalline  basic  salt  with  vayneariy 
the  atomic  ratio  given  in  Keller's  {Mreliminary  analysis,  but  none  with  more 
thaii  17%  of  chlorine. 

In  the  investigation  of  basic  salts,  the  best  guide  is  an  application  of  the 
phase  rule,  first  proposed  by  Miller  and  Kenrick.*  Thus,  if  several  pw- 
tions  of  a  salt  which  forms  basic  salts  with  water,  are  treated  with  differ- 
ent proportions  of  water  at  the  same  temperature  tmtil  equilibrium  en- 
sues, 3  cases  may  present  themselves,  (i)  The  precipitates,  in  a  series 
of  mixtures,  are  all  of  the  same  composition,  but  the  solutions  above  them 
are  different.  These  precipitates  are  a  single  chemical  compound.  (2)  The 
precipitates  in  a  series  are  all  different,  but  the  s<dutions  are  of  the 
same  composition.  These  precipitates  are  mixttues  of  two  compcMmds 
in  varjong  proportions.  (3)  The  precipitates  in  a  series  are  all  different 
and  the  solutions  are  all  different.    These  precipitates  are  solid  solutions. 

The  rules  which  have  just  been  stated  apply  to  2  component  systems. 
The  addition  of  potassium  hydroxide  to  a  system  made  up  of  stannous 
chloride,  stannous  oxide  and  water,  introduces  a  fourth  oomponeiit 
Now,  while  variable  solutions  indicate  a  bivariant  system  with  3  com- 
ponents, they  may  indicate  either  bivariant  or  tervariant  systems  with 
4  components.  It  is  still  possible  to  apply  the  rules,  however,  tmder  the 
following  conditions,  as  stated  by  Miller  and  Kenrick:  (a)  The  ratio 
of  water  to  the  other  components  must  be  large;  (&)  the  fourth  component 
must  not  enter  the  precipitates;  (c)  there  must  be  a  constant  ratio  be- 
tween the  foiuth  component  and  the  water. 

These  conditions  have  been  partly  fulfilled  in  the  experiments  to  be 
described,  for  when  stannous  chloride  is  treated  with  potassium  hy- 
droxide, the  ratio  of  alkali  to  water  is  kept  constant  and  the  alkali  does 
not  enter  the  precipitate,  but  the  ratio  of  water  to  salt  is  not  large. 

EzperimentaL 

The  stannous  chloride  used  in  the  following  experiments  was  prqMued 
from  Baker  &  Adamson's  c.  p.  salt.    About  500  g.  at  a  time  was  treated 
1  This  Journai,,  39,  2354  (1917). 
«  /.  Phys.  Chem.,  7,  259  (1903). 
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¥dth  tin  and  hydrochloric  add;  the  mixture  was  boiled  gently  until  most 
of  the  free  add  was  removed  and  was  then  allowed  to  cool.  The  crystals 
which  deposited  were  drained  as  thoroughly  as  possible  and  dried  be- 
tween filter  papers.  .The  product  consisted  of  transparent,  colorless  crys- 
tals whidi  dissolved  in  a  small  proportion  of  water,  leaving  no  residue. 
The  relative  proportions  of  tin,  chlorine  and  water  in  the  lots  of  salt, 
prepared  at  dilfferent  times,  varied  to  some  extent.  It  was  found  neces- 
sary, therdore,  to  make  a  batch  of  crystals  suffidentiy  large  for  acomplete 
series  of  experiments,  in  order  that  the  results  might  be  comparable. 

The  first  series  oS  experiments  was  carried  out  in  the  following  way: 
A  weighed  quantity  of  the  salt,  usually  25  g.,  was  placed  in  a  flask  of  from 
100  to  1000  cc.  capadty,  and  a  measured  volume  of  water  which  had  been 
boiled  vigorously  for  20  minutes,  to  expd  air,  was  added  to  it.  The  fla^ 
was  connected  to  a  reflux  condenser,  a  current  of  nitrogen  was  passed 
through  the  apparatus  and  the  mixture  was  boiled  for  8  hours.  The  mix- 
ture was  then  filtered  into  a  dry  flask,  and  the  predpitate  and  solution 
analyzed.  The  predpitates  were  not  washed,  as  that  would  alter  their 
compositions  materially,  but  were  dried  between  filter  papers.  Of  course, 
the  dried  predpitates  were  contaminated  with  a  small  amount  of  mother 
liquor,  but  since  they  contained,  in  all  cases  a  large  amount  of  stannic 
salt,  accurate  knowledge  of  their  composition  would  be  usdess.  The 
results  are  given  merdy  because  the  appearance  of  the  white  predpi- 
tates formed  by  the  hydrolysis  of  stannous  chloride  is  so  well  known. 

The  analysis  of  the  solutions  seemed  to  offer  no  difficulty,  as  they  con- 
tained only  stannous  chloride  and  a  small  excess  of  hydrodiloric  add.  A 
measured  volume  of  the  mother  Uquor  was  pipetted  into  a  wdghing 
bottie,  the  wdght  taken  and  the  liquid  diluted  in  a  flask.  The  tin  was 
predpitated  as  stannous  sulfide  and  wdghed  as  stannic  oxide.  The  re- 
sults by  this  method  are  sUghtiy  high,  but  with  proper  precautions  are 
consistent.  The  filtrate  from  the  stannous  sulfide  was  boiled  to  remove 
the  hydrogen  sulfide  and  was  then  titrated  with  standard  soditmi  car- 
bonate for  the  determination  of  total  chloride. 

Later  experiments  have  shown  that  in  the  presence  of  even  very  small 
amounts  of  strong  adds,  stannous  sulfide  sometimes  carries  down  con- 
siderable amounts  of  chloride,  which  is  not  removed  by  washing.  It  is 
possiUe  then  that  the  anal3rses  of  mother  liquors  may  be  inaccurate, 
though  comparable  among  themsdves. 

The  predpitates  of  basic  chloride  were  ground  and  wdghed  and  were 
first  treated  with  20  cc.  of  iV  nitric  add.  The  add  was  next  neutralized 
by  <^tiB«witii^i^  hydroxide,  acetic  add  was  added  in  excess  and  the  volume 
was  made  up  to  100  cc.  with  water.  The  predpitates  were  only  sUghtiy 
soluble  in  cold  adds  but  when  hydrogen  sulfide  was  passed  through  the 
mixtures,  complete  transformation  into  tin  sulfide  took  place.    The  sul- 
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fides  were  filtered  and  weighed  as  stannic  oxide.    The  filtrates  were  txnled 
to  remove  hydrogen  sulfide  and  were  then  precipitated  by  silver  nitrate. 

Determination  of  the  tin  in  the  basic  precipitates  was  also  made  by 
the  Lenssen-Baker  method,  in  which  the  tin  is  titrated  by  iodine  in  oooc 
hydrochloric  add  solution.  By  reduction  with  aluminum,  the  total  tin 
was  obtained,  while  without  reduction  the  tin  in  the  stannous  oondttion 
was  given. 

In  all  cases  where  stannous  chloride  was  boiled  with  water,  the  {ne- 
dpitates  contained  such  a  large  amount  of  the  stannic  salt,  usually  about 
Vt  of  the  total,  that  it  was  impossible  to  dedde  to  what  extent  stannous 
diloride  is  hydrolyzed.  The  presence  of  the  stannic  salt  is  probably  due 
to  the  presence  of  about  0.5%  of  quadrivalent  tin  in  the  stannous  chloride. 
The  r^ults  of  the  first  series  of  experiments  are  given  in  TaUe  I. 

Tabls  I. 

Wt.  of  Atomic  ratio  %  ia  ppt, 

SaCls.2HsO.       Cc.  of  CltSn  in  100  cc.  . • .    Atomic  ratio 

Bipt.  O.  water.  of  mother  liqaor.  Tin.  Chloriae.   Sn:  CI  in  ppt. 

0.2020 

1 25       100       «  2 .02       70.99      12.00      1.76 

0.1006 

o  .0854 

2 25       250       =2.02      72.09      10.97      1-96 

0.0423 

0.0426 

3 25       500       "2.05      73.16       7.88      2.76 

0.0208 

0.0218 
4 25     lodo      ri"2.05      74.13      5.36     4" 

O.OIOO 

0.0120 

3 15     1000      -««2.07      

0.0058 

0.0087 

6 10     1000      «2.o8      75.71      4.59     4.91 

0.0042 

0.0043 

7 5     1000      -2.08     Partly  SnO 

0.0021 

0.0021 

8 2.5        1000 ««  2.61  MostlySnO 

0.0008 

0.00082  ^^  .  „  ^ 

9 1 .0        1000  =  3 .52  Mostly  SnO 

0.00023 

The  precipitates  in  the  first  6  experiments  of  the  series  were  pale  yellow 
and  amorphous.  Although  slightly  gelatinous,  they  filtered  wdL  It 
will  be  seen  that  there  is  a  continuous  variation  in  the  composition  of  the 
precipitates,  that  is,  they  become  progressively  more  basic  as  the  ratio 
of  water  to  stannous  chloride  in  the  original  mixture,  increases.  While 
the  precipitates  become  more  basic,  the  solutions  become  more  add,  but 
since  the  precipitates  are  small,  ranging  from  0.2  to  0.5  g.,  the  change  in 
the  composition  of  the  solution  is  small. 

When  the  weight  of  water  in  the  original  mixture  becomes  200  times 
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greater  than  the  weight  of  salt,  black  crystalline  stannous  oxide  is 
farmed  after  boiling  for  two  hours.  The  black  crystals  are  mixed  with 
some  yellow  precipitate,  largely  oxidized  basic  chloride.  In  Expts.  8 
and  g,  it  will  be  observed  that  the  solutions  have  become  very  add,  though 
this  change  might  be  expected  in  Expt.  7,  where  the  black  precipitate 
first  appears. 

The  failure  to  distinguish  basic  compounds  from  mixtures  was  due  to 
oxidation  which  might  possibly  be  prevented  by  greater  precautions, 
but  as  the  desired  information  may  be  obtained  by  the  use  of  potassium 
hydroxide  solutions,  the  first  method  was  abandoned.  When  stannous 
chloride  is  hydrolyzed  by  alkalies,  the  precipitates  are  not  only  much 
larger  than  when  pure  water  is  tised,  but  they  may  also  be  separated  from 
the  relativdy  small  quantity  of  stannic  compound  by  decantation. 

In  the  second  series  of  experiments,  the  same  ratio  of  stannous  chloride 
and  water  was  used  as  in  the  first  series.  The  mixtures  were  boiled  as 
before  but,  after  the  precipitates  were  filtered  off,  the  mother  liquors  were 
preserved  in  corked  flasks  and  allowed  to  cool  overnight  to  25^  These 
filtrates,  with  the  exception  of  No.  3,  deposited  white  amorphous  precipi- 
tates only,  which  were  less  basic  than  those  formed  at  the  boiling  point, 
while  the  mother  liquors  became  more  add.  Ftom  No.  3,  in  which  25  g. 
of  salt  was  boiled  with  500  cc.  of  water,  a  small  amount  of  white  amorphous 
predpitate  was  deposited,  together  with  about  0.2  g.  of  crystals.  The 
crystals  formed  hexagonal  rosets  of  about  one  mm.  in  diameter,  and  ad- 
hered tenadously  to  the  flask  in  whidi  they  were  deposited.  The  rosets 
are  made  up  of  thin,  transparent,  colorless  plates.  Analjrsis  of  the  crys- 
talline matmal  gave  73.63%  of  tin  and  16.51%  of  dilorine  or  an  atomic 
ratio,  Sn  :  Q,  of  1.33,  which  could  be  represented    by    the  formula 

3SnClt.5Sn.o.3HiO. 
Analjrsis  of  the  amorphous  predpitate,  deposited  along  with  the  oystals, 
showed  an  atomic  ratio  of  i  .93,  but  about  20%  of  the  tin  was  in  the  stannic 
state  while  in  the  aystals  the  oxidation  was  only  0.6%.  The  crystals 
were  soluble  in  100  cc.  of  0.3  N  nitric  add.  Washing  the  aystals  with 
water,  to  free  them  from  mother  liquor,  renders  them  slightly  more  basic, 
for  it  was  shown  that  0.2  g.  of  the  substance  of  atomic  ratio  i  .33,  after 
being  washed  with  four  20  cc.  portions  of  water,  had  an  atomic  ratio  of 

1.35- 

The  crystals  mentioned  in  the  preceding  paragraph  may  be  obtained  in 
larger  amounts  by  using  stannous  chloride  which  has  been  overheated 
during  its  preparation.  By  starting  with  a  slightly  basic  salt  prepared 
in  this  way,  when  25  g.  was  boiled  with  500  cc.  of  water  for  one  hour,  and 
the  mixture  cooled,  1.2  g.  of  crystals  was  deposited.  From  0.25  to  0.5 
g.  of  crystals  was  also  deposited  when  25  g.  of  the  same  salt  was  treated  in 
the  same  way  with  250  or  with  1000  cc.  of  water. 
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Intemctioii  of  StaoBOus  Chloride  and  Potafwinin  Hydroxide  S<^titio9s. 

The  next  aeries  of  experiments  was  carried  out  for  the  purpose  of  de- 
termining the  cSeot  of  a  fixed  v(4ume  of  potassium  hydroxide  solution 
of  a  certain  concentration  on  different  weights  of  stannous  diloride.  In 
eadi  experiment  loo  cc«  of  0.2  TV^  potassium  hydroxide  solution  was  used, 
and  the  weight  of  the  salt  was  varied  from  3 .5  to  75  g.  The  mixture  was 
put  in  a  flask  which  was  attadied  to  a  reflux  condenser,  the  air  was  dis- 
placed by  a  current  of  nitrogen  and  the  mixture  was  boiled  for  6  hours. 

When  100  oc  of  0.2  N  potassium  hydroxide  scdution  is  added  to  25  g. 
of  stannous  chloride,  a  pide  ydlow  precipitate  is  thrown  down.  When 
the  mixture  has  been  billed  for  a  few  minutes,  however,  this  curdy  pre- 
cipitate suddtnly  changes  to  white  crystals  whidi  become  slightly  yellow , 
on  continued  boiling.  The  crystals  settle  rapidly  and  therefore  may  be 
wa^ed  by  decantation  with  small  amounts  ci  water.  This  washing  alters 
the  compoflkkm  of  the  crystals  to  some  extent,  but  the  lesults  are  probably 
more  accurate  than  those  wbidi  would  be  <Atained  by  less  direct  methods. 

When  the  volume  <rf  0.2  N  alkali  is  still  100  cc.,  but  the  weight  ci 
stannous  diloride  is  between  3.5  and  5.5  g.,  the  predpitate  is  no  hmger 
crystalline.  It  settles  rapidly,  however,  and  may  be  washed,  though  not 
so  readfly,  as  in  the  case  of  the  crystalline  predpitate. 

After  the  mixtures  were  boiled*  they  were  filtered,  part  of  the  filtrate 
was  pip^ted  off  for  analysis,  while  the  remainder  was  allowed  to  cod 
in  a  corked  flask.  The  predpitates  were  washed  and  then  dried  at  80^. 
The  analyses  were  conducted  as  b^ore. 

The  results  of  this  series  of  experiments  are  given  in  TaUe  li. 

Tablb  II. 

100  cc.  of  0.2  N  Potassium  Hydroxide  Solutioii.    Time  of  boiling,  6  hours. 

Weight  of  Atomic  ratio  %  in  OTsttls.  Atomic  ratio 

SnC]t.2HsO.  CI: Sa  in  100  ' • •  So:  O  in 

Expt.  G.  cc.  of  solution.  Tin.  Chlorine.  crystals. 

1 3.0  afluOiiic  87.6  small  SoO 

0.00774 

7 3.5  ■«  1.92  80.10  10.58  2.24 

0.00403 

0.0116 
3 4.0  .^     -  1.93  79.95  10.93  2.18 

O.OQOO 
0.0158 

4 5.0  —  1.91  80.10  11.07  2.17 

0.0083 

0.0272 

5 6.0  -1.90  73.7^  15.90  1.38 

0.0143 

6 7.0  73.75  16.15  »-36 

0.1045 

7 16.0  ■      —  1. 91  73.45  16.09  1.36 

0.0550 

0.1752  _^ 

8 25.0  — —  "  1.94  73.31  16.52  1.32 

0.0903 

9 30.0  73.41  16.55  130 
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In  Bzpt.  2,  where  3.5  g.  of  stannous  chloride  was  used,  there  was  a 
small  amount  of  Uadc  statmous  oxide  crystals,  from  which  the  Ughter 
yellowish  precipitate  was  separated  by  decantation.  It  is  evident,  then, 
that  the  yellowish  preciintate  here  obtained  is  the  most  basic  of  the  basic 
stannous  chlorides.  Its  composition  is  represented,  approximately,  by 
the  formula  2SnC]t.7Sn(OH)i.  There  is  a  sUght  variation  in  the  composi- 
tion <rf  the  precipitates  in  Expts.  2,  3  and  4,  though  this  could  be  expected 
on  account  of  the  difficulty  in  separating  the  precipitates  from  the  mother 
Uquors.  But  a  very  strildng  change  takes  place  when  the  amotmt  of  salt 
is  increased  to  6  g.,  as  in  Expt.  5.  The  precipitate  becomes  crystalline  in 
<Aaracter  and  much  less  basic  than  in  Expt.  4.  With  increasing  amounts 
of  stannous  chloride,  the  precipitate  remains  the  same  in  appearance,  but 
becomes  somewhat  less  basic.  When  the  amount  of  salt  in  the  above 
series  becomes  greater  than  30  g.  very  Uttle  precipitate  is  formed.  This 
is  due  to  the  presence  in  the  stannous  chloride  of  a  small  excess  of  add, 
whidi  uses  up  most  of  the  potassium  hydroxide.  To  the  same  cause  may 
be  attributed  the  differences  in  the  precipitates  of  Expts.  5  to  9.  No  at- 
tempt was  made  to  neutralize  the  excess  of  add  in  the  original  salt,  but 
e]q>eriments  were  performed  with  from  40  to  75  g.  of  stannous  chloride 
and  100  cc.  of  0.4  N  potassium  hydroxide  solution.  In  these  the  oys- 
talline  predpitates  were  slightly  more  basic  than  in  Expt.  9. 

Indications  of  two  compounds,  in  addition  to  the  oxide,  are  given  by 
the  results  in  Table  II,  but  the  variations  in  the  predpitates  from  Expts. 
5  to  9  were  so  great  that  they  must  be  regarded  as  mixtures.  This  view 
is  strengthened  by  two  facts:  first,  the  predpitates  do  not  dissolve  oom- 
pletdy  in  dil.  nitric  add,  but  leave  small,  white  residues,  which  are  due 
to  the  presence  of  some  of  the  stannic  compound;  second,  the  predpi- 
tates formed  when  the  mother  liquors  of  experiments  such  as  No.  9  are 
allowed  to  cod,  are  pure  white,  and  dissolve  in  dil.  nitric  add  without 
residue.  They  are  higher  in  chlorine  and  lower  in  tin  than  the  correspond- 
ing original  predpitates,  and  alwa3rs  contain  less  of  the  stannic  com- 
pound. 

Thus,  when  50  g.  of  stannous  chloride  is  boiled  with  100  cc.  of  0.4  N 
potassium  hydroxide  solution  and  the  hot  mixture  is  filtered,  the  filtrate 
on  cooling  deposits  about  2  g.  at  the  white  crystals.  Analysis  of  these 
crystals  gave  tin  72 .82%  and  chlorine  16.93,  while  analysis  of  the  original 
crystals,  formed  in  the  boiling  Uquid,  gave  tin  73.41%  and  chlorine 
16.23%.  The  crystals  deposited  from  the  mother  Uquor,  when  30  g. 
of  stannous  chloride  was  treated  with  100  cc.  of  0.4  N  potassium  hy- 
droxide solution,  contained  73.11%  of  tin  and  16.76%  of  chlorine,  while 
the  crystals  formed  in  the  boiling  liquid  contained  73.93%  of  tin  and 
16.11%  <rf  chlorine.  ^ 

In  all  cases  where  the  original  predpitate  formed  at  the  boiling  point 
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was  compared  with  the  precipitate  from  the  coded  mother  liquor  by 
titration  with  iodine,  it  was  fomid  that  the  first  named  contained  from 
0.5  to  1 .0%  of  oxidized  tin,  while  the  precipitates  from  the  mother  liquors 
contained  only  from  0.2  to  0.5%.  This  could  only  partly  exfdain  the 
higher  chlorine  content  of  the  second  crystals,  even  if  It  were  assumed 
that  the  stannic  compound  had  been  completely  hydrolyzed  into  the  oxide. 
Other  possible  causes  of  difference  are  the  adsorption  of  stannous  chloride 
by  the  crystals  as  they  separate  from  the  mother  liquor  and  failure  to  re- 
move this  by  washing;  or  the  formation  along  with  the  first  crystals  of 
some  of  the  more  basic  compound  by  local  excess  of  alkali,  and  failure  to 
transform  this  into  the  equilibrium  compound.  The  washing  caused 
some  change  in  all  of  the  precipitates,  but  probably  about  the  same  amount 
in  all. 

The  crystals  formed  when  25  g.  of  stannous  chloride  is  boiled  with  500 
cc  <rf  water  and  the  mixture  is  allowed  to  cool,  have  already  been  de- 
scribed. They  are  somewhat  higher  in  tin  and  lower  in  chlorine  than  the 
white  crystals  mentioned  in  the  preceding  paragraph.  While  in  both 
cases  the  crystals  are  pseudo-hexagonal,  in  the  case  where  pure  water  is 
tised,  the  crystals  always  form  rosets  which  are  nearly  spl^erical  in  shape. 
It  might  be  supposed  that  the  precipitate  from  the  potassium  hjrdroxide 
treatment  contained  potassium  chloride  which  would  decrease  the  tin 
and  increase  the  chlorine  content,  but  an  analy^  failed  to  show  the  pres- 
ence of  potassium. 

An  attempt  was  made  to  determine  whether  equilibrium  had  been 
reached  in  the  preceding  experiments,  by  utilizing  the  reverse  reacticm. 
Five  g.  of  stannous  oxide  was  boiled  with  25  cc  of  i  .96  AT  hydrochloric 
add  for  5  hours.  The  mixture  was  filtered  and  the  crystals  and  mother 
liquor  were  anal3rzed.  It  was  found  that  100  cc.  of  the  mother  liquor 
contained  i  .614  gram-atoms  of  chlmne  and  0.827  of  tin,  a  ratio  of  i  .95; 
while  the  crystalline  precipitate  contained  73.91%  of  tin  and  16.13% 
of  chlorine.  That  is,  the  precipitate  is  very  nearly  of  the  same  composi- 
tion as  that  of  Expt.  7,  Table  II. 

The  solutions  and  precipitates  obtained  in  this  way  are  of  the  same  char- 
acter as  those  given  by  the  treatment  of  stannous  chloride  with  potassium 
hydroxide  solution.  But  the  experiment  did  not  give  definite  proof  that 
equilibrium  had  been  established,  since  the  mother  liquor  was  much  more 
concentrated  than  when  potassium  hydroxide  was  used. 

Summary. 

It  seems  definitely  proved  that  a  compound  2SnCls.7Sn(OH)s  is  the 
most  basic  of  the  basic  stannous  chlorides;  that  a  slightly  variable  crys- 
talline material,  of  approximately  the  formula  3SnCls.5SnO.3HsO,  is  the 
precipitate  commonly  formed  by  the  action  of  boiling  solutions  of  potas- 
sium hydroxide  on  an  excess  of  stannous  chloride;  and  that  there  is  no 
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oompound  of  intermediate  compositickn.  Wliether  any  basic  compound 
lies  between  3SnClt.5SnO.3HsO  and  the  normal  salt  was  not  determined. 
The  precipitates  usually  formed  by  the  interaction  of  stannous  chloride 
and  water  contain  such  a  large  proportion  of  stannic  compound  that 
the  analyses  are  of  no  value  in  ascertaining  the  composition  of  the  basic 
stannous  chlorides. 

In  conclusion,  I  wish  to  express  my  indebtedness  to  Prof.  Lash  Miller, 
of  the  University  of  Toronto,  who  suggested  this  problem  some  years 
ago,  and  gave  me  condderable  help  with  it. 

HoDonrow ,  Mich. 


[CoNTRiBinnoN  moM  THS  Kbnt  Chemical  Laboratory  of  thb  Umv^smr  of 

Chicago.] 

THE   BFFECTS   OF   ACIDS   AND    BASES    ON   THE    SURFACE 

ENERGY  RELATIONS  OF  /9,/9-DICHLOROETHTL- 

SULFIDE  ("MUSTARD  GAS")-' 

Bt  WnxiAM  D.  Harkins  and  D.  T.  Ewino. 

Received  September  20,  1919. 

This  investigation  was  undertaken  in  order  to  determine  the  relative 
efficiencies  of  various  substances  in  the  emulsification  of  /5,/5-dichloro- 
ethylsulfide  in  water,  and  with  the  idea  that  the  results  obtained  would 
be  of  importance  in  connection  with  a  study  of  its  physiological  action. 
The  importance  of  the  effects  of  adds  and  bases  on  interfadal  tension 
has  been  pointed  out  by  Haber  and  Klemendewicz.'  An  active  part 
of  a  musde  is  always  dectrically  negative  toward  the  part  at  rest,  and  the 
active  musde  is  add  in  reaction  while  the  resting  musde  is  slightly  alka- 
line. An  add  reaction  always  causes  the  phase  which  corresponds  with 
the  water  at  the  water-benzene  interface,  to  become  negative,  and  in  the 
musde  this  aqueous  phase  is  represented  by  the  sarcoplasma  in  which 
the  sarcostyles  are  imbedded.  An  interface  of  this  nature  acts  as  a  hy- 
drogen dectrode,  and  it  would  seem  probable  that  in  addition  to  the 
change  of  dectromotive  force  at  the  phase  boundary,  there  should  also 
be  a  change  of  surface  tension  near  the  neutral  point  with  reference  to 
the  diange  from  an  add  to  a  basic  reaction.  The  investigation  which 
is  commonly  dted  to  show  that  laboratory  experiments  on  simple  two- 
phase  sjrstems  seem  to  confirm  this  point  of  view,  is  that  of  von  Lerch,' 
who,  while  working  under  Nemst's  direction,  found  that  the  presence  of 
sodium  hydroxide  at  a  concentration  of  o .  02  7  AT  in  the  aqueous  phase,  caused 
an  extremdy  great  lowering  of  the  interfadal  tension  at  the  water-benzene 
phase  boundary,  a  lowering  amounting  to  36%.  At  the  request  of  Pro- 
^  An  investigation  undertaken  at  the  request  of  the  National  Research  Council* 
and  suggested  to  them  by  Lieutenant  Colonel  A.  B.  Lamb  and  Major  R.  B.  Wilson. 

*  Z.  physik.  Chem.,  76,  385-431  (1909). 

*  DriuWs  Ann.,  0,  4.^2  (T902). 
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fessor  Haber  the  investigaticRii  was  repeated  by  Haikins,^  who  found  the 
results  of  von  Lerch  to  be  erroneous,  and  that  at  sodi  ooncentratioiis 
bases  do  not  lower  the  interf adal  tensicm  of  the  benzene-water  system 
at  all.  The  apparent  lowering  obtained  by  von  Lerdi  was  apparently 
due  to  the  effects  of  the  base  upon  the  gla^,  which  lowers  the  height  of 
the  Uquid  in  a  capillary  tube  when  there  is  no  lowering  of  surfooe  tenska 
caused  by  the  base  alone. 

1^  Benzene  and  saturated  paraffin  hydrocarbons  are  chemically  too  in- 
different toward  bases  to  give  the  surface  tensicm  lowering  described  in 
the  last  paragraph.  Chloroform,'  to  some  extent,  and  /9,/9-dichloroethyl- 
sulfide,  much  more  markedly,  give  the  lowering  of  interfadal  tension 
toward  water,  when  bases,  but  not  when  adds  are  added,  and  the  magni- 
tude of  the  actual  effect  is  much  greater  than  the  fictitious  (me  found  by 
von  Lerch.  Thus  o,i  N  sodium  hydroxide  solution  reduces  the  inter- 
fadal tension  at  the  water-didiloroethylsulfide  phase-boundary  by  55%. 
The  surface  tension  at  20^  between  /9,/9-didiloroethylsulfide  and  ¥^ter 
is  28.36  dynes  per  cm.,  or  about  5  dynes  less  than  that  between  benzene 
and  water.  The  surface  tension  of  this  liquid  toward  its  vapor  is  42.82 
dynes  per  cm.,  which  is  14  dynes  higher  than  that  of  benzene.  One  of 
the  most  important  characteristics  of  a  Uqtiid  in  this  connection  is  the 
amount  of  work  done  when  one  square  centimeter  of  the  surface  of  the 
liqtiid  approaches  one  square  centimeter  of  a  water  surface.  This  value 
is  87.3  ergs  in  the  case  of  /5,j3-dichloroethylsulfide,  which  indicates  that 
this  Uquid,  while  only  very  slightly  soluble  in  water,  has  a  high  attrac- 
tion for  it,  although  the  magnitude  of  the  work  done  is  slightly  less  than 
that  found  for  an  alcohol.  The  following  table  (Table  I)  gives  values 
for  this  work  for  a  number  of  classes  of  organic  substances: 

Table  I. 

Work  <lone  (>-At)  by  ibt 
attractive  forces  between 
water  and  the  liquid 
Uquid.  per  sq.  cm.  of  each. 

Sulfur  compounds — Ay 

/?,/5-r)ichloroethylsulfide 87 .26 

Mercaptan 68 .50 

Carbon  disulfide 55-82 

Octane 43-76 

Benzene 66 .63 

Alcohols 93  o 

Organic  acids 95  o 

Monochloroacetone loi  .00 

Dichloroacetone 90.28 

Chloroform 67 .30 

Methylene  chloride 71  00 

^  Harkins,  Davies,  and  Clark,  This  Journal,  39,  548-9  (1917)- 
*  N.  D.  Thatcher  in  this  laboratory  has  obtained  results  which  show  that  the 
surface  tension  at  the  interface  water-chloropicrin  is  not  lowered  by  either  HCl  or  NaOH, 
but  that  a  base  lowers  the  tension  at  the  chloroform-water  interface. 
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According  to  the  theory  of  Harldiis,^  the  interfacial  tenaon  at  a  phase- 
boundary  is  lowered  by  any  substance  which  makes  the  tamsition  be- 
tween the  two  phases  more  gradual  with  respect  to  the  intermokcular 
electromagnetic  fields.*  A  large  number  of  substances  might  have  been 
found  which  would  have  d<nie  this,  but  the  only  ones  investigated  were 
com  oil,  Twitchell's  scduticm,  and  turkey-red  oil.  All  of  these  proved 
extremely  efif ective  in  lowering  the  interfacial  tension  at  the  water-dichloro- 
ethylsulfide  interface.  The  effectiveness  of  both  the  com  oil  and  the 
turkey-red  oil  were  considerably  increased  by  making  the  solutions  alka- 
line with  soditmi  carbonate  at  o.  i  iV  concentration,  but  this  did  not  seem 
to  be  the  case  with  Twitchell's  solution.  All  of  these  substances  proved 
to  be  remarkably  effective  as  emulsifying  agents,  especially  turkey-red 
oil,  together  with  sodium  carbonate. 

Table  II  gives  the  results  of  the  surface-tension  determinations,  which 
were  made  by  the  drop-weight  method,  using  the  proper  precautions  as 
determined  by  Harkins  and  Brown.'  The  radius  of  the  tip  used  was 
o. 24995  ^^^'  f^  ^  of  ^^  interfacial  work,  except  when  a  o.  i%  soluticm 
of  turkey-red  oil  was  used  in  the  absence  of  sodium  hydroxide,  when  the 
radius  was  o .  275  cm.  For  the  dichloroethylsulfide  alone  a  tip  of  o .  27441 
cm.  radius  was  used.  The  density  of  this  latter  liquid  was  i .  2732  g.  per 
cc.  In  all  of  the  experiments  the  aqueous  scdution  was  dropped  upward 
through  this  liquid  without  allowing  time  for  mixing. 

Table  II. 

The  Surface  Tension  between  /J.^Dichloroethylsulfide  and  Various  Aqueous  Solutions 

in  Dynes  per  Cm. 

Vol.  of         Density  of  Surface 

SubeUnce.  1  drop  in  cc.     tutetance.         r/«.  tenakm. 

Vapor 0.03555           1 .04  43 .83 

Water 0.1062  0.9982  0.595  28.36 

o.iJVHCl.   0.1090  i.oooii  0.5385  28.90 

0.1  iVNaOH 0.04612  1.0032  0.8066  12.78 

o.iiVNatCOt 0.0695  1.0025  0.6635  18.82 

1  %  Soln.  turkey-red  oil o  .0567  i  .0000  o  .607  14 .47 

i%Soln.  turkey-red  oil    in    o.i    ^ 

NaiCOt o  .02977  1 .0035  1 .00  8 .35 

I  %  Twitchell's  Soln 0.04384        0.99924        0.7088        12.32 

I  %  Twitchell's  Soln.  mo.i  N  NasCOt    o  .04663        i  .0031 1        o  .6944        12 .89 

I  %  Com  oil  Soln 0.4577  0.9984  0.698  12.94 

1%  Com  oil  Soln.  in  o.i  N  NasCOt. .     0.03936        i  .0036  0.735  10.91 

*  Harkins,  Brown,  Davies  and  Clark,  Tras  Journal,  39,  354-64.  541-96  (1917); 
Harkins  and  King,  Ibid.,  41,  970-92  (1919)*  especially  pp.  480-3. 

>  The  theory  of  Langmuir,  which  does  not  specifically  refer  to  interfaces,  leads  to 
the  same  condusions.    See  Mei.  Chem.  Bng„  15,  468  (1916);  Proc.  N<U,  Acad,  Sci.  3, 
251--7  (1917);  TmsJoxTRNAi^  39i  1848-1906  (1917);  see  also  Frankd,  Phil,  Mag.,  ^^^  297 
(1917)  and  especially  Hardy,  Proc.  Royal  Soc.,  86B,  634  (1911-12). 
»  This  Journai*,  41, 499-524  (1919). 


Digitized  by 


GooQle 


1980  WILUAlf  D.  UARKINS  AND  O.  T.   0WING. 

The  values  for  rja  and  r/v^  indicate  the  shape  of  the  drop.  A  dis- 
cussion of  this  subject  will  be  found  in  the  paper  of  Harldns  and  Brown* 

Table  III  gives  data  for  the  surface  tension  of  a  number  of  organic 
liquids  prepared  by  Professor  Huston  of  the  Michigan  State  Agricultural 
Coll^ne.  Unfortunately,  the  two  temperatures  at  which  the  measure- 
ments were  made  are  not  sufficiently  far  apart  to  give  good  values  of  the 
temperature  coefficients.    The  tip  used  had  a  radius  of  0.27441  cm. 

Tablb  in. 

The  Surface  Tenskm  of  Some  Organic  Liquids. 

SnifacB 

Wt.  of  -^  Dynes 

SabtUiice.  Temp.       1  drop  in  g.        Density.  r/fTv.  per  cm. 

Diphenyl  propane 2o*  0.03920  0.9998  0.808  37.15 

(Cai»)iCHCHiCHt 25*  0.03865  0.9962  0.801  36.64 

i.i-Diphenyl  ethane 20*  0.03975  i  .0039  0.807  37 .67 

25^  0.03925  o.99S>8  0.808  37.30 

Diphenyl  methane 26**  0.03963  i  .0044  0.806  37 .56 

Ditolyl  methane 20^  0.03745  0.9800  0.816  35.51 

(CHtCtH4)sCHs 25*  0.03670  0.9777  0.821  34.80 

Propyl  benzene  or  phenyl  pro-  20^  0.03396  1.02 16  0.854  32.22 

pane 25**  0.03299  i  .0166  0.863  31.30 

These  liquids  have  a  hig^  surface  tension  for  substances  whidi  con- 
tain carbon  and  hydrogen  alone.  It  is  apparent  that  the  surface 
tension  increases  with  the  number  of  phenyl  groups,  with  the  dq;ree 
of  unsaturation,  and  with  the  decrease  in  the  length  of  the  paraffin 
chain.  This  is  illustrated  by  the  result  of  Ja^;er,  who  obtains  a 
much  higher  surface  tension  still  for  triphenyl  methane,  44.7  dynes 
per  cm.  at  20^.  Benzene  has  a  much  lower  surface  tension,  which 
at  20®  amounts  to  only  28.9  dynes  per  cm.  The  tolyl  group  in- 
creases the  surface  tension  much  less  than  the  phenyl  group.  Former 
studies  in  this  laboratory  have  also  shown  that  the  methyl  group  lessens 
the  effect  of  phenyl  groups,  since  the  electromagnetic  stray  field  around 
the  methyl  groups  is  much  less,  and  this  causes  them  to  be  oriented  into 
the  surface. 

CnCAOO,  IlAINOXS. 
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Received  September  23,  1919. 

In  the  process  of  chrome  tanning  the  practical  tanner  has  discovered 
that  by  addition  of  neutral  salts  it  is  possible  to  use  more  basic  chrome 
liquors.  The  added  salt  prevents  the  precipitation  of  hydrous  chromic 
oxide.  '  \^lson  and  Kem^  believe  that  this  phenomenon  is  due  to  increase 
in  the  hydrogen  ion  concentration  caused  by  removal  of  water  from  the 
solvent  to  hydrate  ions  of  the  added  salts. 

Since  Wilson  and  Kern  did  not  actually  measure  the  hydrogen  ion  con- 


Chromium  Sulphate  Solution 


1.6 


centration  of  these  solutions,  the 
authors  of  this  paper  took  up  the 
problem  with  the  result  that  a  g  _,^ 
striking  contrast  in  the  effect  of  ^ 
chlorides,  and  sulfates  and  mag- 
nesitun  salts  on  solutions  of  hy-  '^-2.2 
drochloric  and  sulfuric  adds  has  ^ 
been  noted. 

In  our  first  experiment  the 
effect  of  soditun  chloride,  ammo- 
nium chloride,  sodium  sulfate, 
ammonium  sulfate  and  mag- 
nesitun  sulfate  upon  the  hydro- 
gen ion  concentration  of  a  stock 
chrome  liquor,*  diluted  to  contain 
13.86  g.  of  chromic  oxide  per 
liter,  was  determined.  These 
figures  are  given  in  Table  I  and 
Fig.  I. 

It  will  be  noted  that  equilibrium  in  hydrogen  ion  concentration  is  not 
reached  immediately  after  dilution  of  a  concentrated  chrome  liquor  by 
water  or  by  salt  solution.  This  effect  is  shown  in  Table  II  and  Fig.  2. 
This  slow  increase  in  hydrogen  ion  concentration  in  solutions  of  chromic 
salts  has  been  long  known  and  has  been  shown  to  be  due  to  the  trans- 

*  /.  Am.  Leather  Chem,  Assoc,  12,  445  (191 7). 

•  This  stock  chrome  liquor  analyzed  by  and  furnished  to  us  by  Mr.  John  Arthur 
Wilson,  of  Milwaukee,  showed:  CnO,,  14.3%;  Pe«0,,  1.9%;  AUOi.  0.2%;  SOt,  23.5%; 
NaCl,  04%;  glucose,  none;  sp.  g.,  1.628  at  80**  F. 


/  2  3 

Moiar  CofKentnafion  of  Salt 
Pig.  I. 
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Table  I. 
Effect  of  Neutral  Salts  upon  the  Concentration  of  Hydrogen  Ion  of  Chrome  Liquor. 


Sodium  Chloride. 
Concentration  of  salt.      Log  Cb+ 
Molar  strength.        immediately. 

0  —3.19 

1  — ^3 .  10 

2  — ^3.00 

3  —2.92 

4  — 2.81 
Sodium  Sulfate. 


Ammonitun  Chloride. 
Log  Cjj+       Concentration  of  salt.        Log  C£r+ 
after  15  days.  Molar  strength.       after  30  days. 

-^3.33  o  —3.33 

—3.14  2  -^.24 

—2.95  3  —3.14 

—2.78  4  —3.04 

— 2.62  5  —2.95 

Ammonium  Sulfate. 


Concentration  of  salt. 

Log  Ch+ 

Concentration  of  salt 

LogCH+ 

Molar  strength. 

after  30  days 

Molar  strength. 

after  30  days. 

0 

—3.33 

0 

—3.33    • 

0.25 

—3.59 

0.25 

-^3.54 

0.5 

—3.67 

0.5 

— ^3.60 

I.O 

-3.58 

1 .0 

-3.68 

2.0 

3.51 

2.0 

—3.77 

Magnes 

»um  Sulfate. 

Concentration  of  salt. 

LogCfl+ 

Molar  strength 

after  30  days. 

0 

• 

—3.33 

0.25 

—3.47  . 

0.5 

—3.49 

1 .0 

—3.4^ 

2.0 

-^.36 

Effect  of  Sodium  Chloride 

on  Chromium  Sulfate  SolutioiL 

Concentration  of  salt. 

LogCfl+ 

hog  Cb+ 

Molar  strength. 

immediately. 

after  30  days. 

0 

—2.43 

—2-43 

I 

— 2.22 

—2.28 

2 

— 3.04 

—2.13 

3 

-1.84 

— 1.98 

4 

—1.63 

-1.83 

formation  of  the  addo 
chromic  salt  into  a  more 
largely  bydrolyzed  hexa- 
aquo  salt.^ 

The  effect  noted 
above  is  not  due  en- 
tirely to  the  added  salt, 
as  can  be  observed  in 
Table    I    and    Pig.    i, 

8f0f2f4ISI62022M2628  SM    wheTC    the    lOg     Cff  +    of 

Time    /n    hours  the  chrome  liquor  with 
^**f-  2.  nQ  added  salt  was  ob- 
served to  be  — 3.19  immediately  after  dilution  and  — 3.33  fifteen  dajrs 
after  dilution. 

»Bjerrum,  Z.  physik.  Chem,,  89,  336  and  581  (1907);  also  Kgl,  D,  Vid,  Sdak. 
Skr.,  [7J  4.  X  (1906). 
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Table  II. 

Influence  of  Time  upon  the  Hydrogen  Ion  Concentration  of  a  Chrome  Liquor  after 

Addition  of  Sodium  Chloride  and  Dilution. 


ic.  nun. 

LogCH+. 

lO 

3.00 

20 

—2.94 

30 

-2.89 

40 

—2.85 

50 

—2.82 

60 

—2.79 

70 

—2.77 

80 

—2.75 

90 

—2.73 

100 

—2.72 

no 

—2.70 

120 

—2.70 

130 

— 2.69 

140 

—2.69 

150 

—2.68 

z6o 

-2.67 

170 

—2.66 

Time,  hre. 

LagCfl+. 

3 

—2.66 

4 

—2.66 

7 

—2.72 

9 

—2.75 

18 

—2.86 

20 

-2.87 

23 

—2.90 

25 

7-2.90 

28 

—2.91 

34 

—2.92 

46 

—2.96 

57 

— 2.96 

15  dajrs 

-^.96 

The  effect  of  sodium  chloride  upon  a  solution  of  ptue  chromium  sulfate 
of  chromium  content  equal  to  that  of  the  chrome  liquor  is  also  shown  in 
Table  II. 

Since  a  rather  complicated  S3rstem  is  obtained  by  the  nuxttu-e  of  solutions 


CnaoM/uM  CHLomoc  SournoM 


of  chlorides  with  chromium  sul- 
fate it  was  deemed  advisable  to 
compare  the  effect  of  chlorides 
upon  pure  chromium  chloride 
solutions. 

A  concentrated  solution  of  the 
green  modification  of  chromium  ^ 
chloride  was  made  up  for  use  as  ^~ 
a  stock  solution,  and  this  solu-   ^ 
tion  was  mixed  with  solutions  of  ^ 
the  chlorides  and  then  made  up 
to  volume  to  contain  chromium 
chloride  equivalent  to  13.77  g. 
of  CrsQi  per  liter  in  each  case 
and  the  added  chloride  at  the 
concentrations  given. 

The  results  of  these  experiments  are  shown  in  Table  III  and  Fig.  3. 

It  is  evident  that  substantially  the  same  phenomena  occtu-here  as  in 
the  mixture  of  chlorides  and  chromium  sulfate. 

It  was  then  considered  expedient  to  test  the  effects  of  chlorides  and 
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Afoi^  Concentncri-ion  cfSafr 
Fig.  3. 
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Table  III. 

Effect  of  Chlorides  upon 

the  Concentration  of  Hydrogen  Ion  of  Chrominm  Chloride 

Solution. 

Concentration  of  salt. 
Molar  streni^. 

Log  Cfl+ 
immediately. 
Soditmi  Chloride. 

Log  Cfl+ 
aftcrSOdays. 

O 

— 2.22 

—2.43 

I 

— 2.06 

—2.24 

2 

—1 .91 

— 2. XI 

3 

—1.75 

—1 .95 

4 

—1.59 

—1.79 

Potassium  Chloride. 

o  • 

— 2.22 

—ST. 43 

I 

—2.15 

-^.36 

2 

— 2.06 

—2.28 

3 

—1.97 

*    —2.19 

4 

—1.88 

— 2.12 

Ammonium  Chloride. 

o 

— 2.22 

—2.43 

I 

—2.14 

— 2.36 

2 

— 2.07 

— 2.30 

3 

—1.97 

—2.19 

4 

—1.88 

—2.14 

Lithium  Chloride. 

o 

— 2.22 

—2.43 

I 

— 2.01 

— 2.22 

2 

—1.82 

—2.04 

3 

—1.62 

—1.80 

4 

—1 .41 

-1.60 

Barium  Chloride. 

o 

— 2.22 

—2.43 

0.25 

— 2.09 

—2.32 

0.5 

— 2.02 

—2.23 

0.75 

—1.93 

—2.13 

I.O 

—1.86 
Table  IV. 

—2.05 

Effect  of  Salts  upon  the  Concentration  of  Hjrdrogen  Ion  of 
Concentration  of  salt.                                            Concentration  of  salt 
Molar  strength.                 Log  C0+.                    Molar  strength. 

0.0005  N  Sulfuric  Acid. 
Log  Cfl+. 

Sodium  Chloride. 

Ammonium  Chloride. 

0 

—3  50 

0 

—3.50 

I 

—3.29 

2 

—3.27 

2 

—3 

.10 

3 

—3.14 

3 

— 2 

.92 

4 

— 3. 00 

4 

— 2 

.71 

5 

—2.88 

Sodium  Sulfate. 

Ammonium  Sulfate. 

0 

—3.50 

0 

-^.50 

0.25 

—4.37 

0.25 

—4.00 

0.5 

—5 

.10 

0.5 

— ^4.00 

i.o 

—6 

.05 

1.0 

— 4.00 

2.0 

—6 

92 

2.0 

-^.00 
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sulfates  on  solutions  of  sul- 
furic and  hydrochloric  adds 
of  such  concentrations  as  to 
give  approximately  the  same 
hydrogen  ion  concentrations  as 
the  diromium  sulfate  and 
chloride.  The  concentrations 
were  found  to  be  0.0005  N  sul- 
furic add  and  0.004  N  hydro- 
chloric add.  The  results  of 
addition  of  salts  to  these  adds 
are  shown  in  Tables  IV  and  V, 
and  Figs.  4  and  5. 

The  similarity  in  the  con- 
trasting effects  of  sulfates  and 
chlorides  on  simple  add  solu- 
tions of  hydrogen  ion  concen- 
trations equal  to  those  of  the 
chromium  sulfate  and  chloride 
solutions    demonstrates    that 
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Aio/ar  Concentmtion  of  Salt 
Fig.  4. 


this  phenomenon  is  not  pertinent  to  solutions  of  chromium  salts  alone. 
Since  the  effect  is  general  with  add  solutions  it  was  considered  of  im- 
portance to  make  a  series  of  de- 
-/^.    .^^^r^TT^.^^^r^'^^^o  tenninationsuponaddsof  0.1N 

(equivalent)  concentration.  Due 
to  the  difference  in  behavior  of 
magnesium  sulfate  from  the 
other  sulfates,  magnesium  chlo- 
ride was  induded  with  the  salts 
previously  tried. 

In  all  cases,  a  solution  of  add 
was  mixed  with  a  solution  of  a 
salt  and  diluted  to  100  cc.  The 
concentration  of  this  solution  of 
the  mixture  was  always  0,1  N 
(equivalent)  with  respect  to  the 
add  and  that  particular  concen- 
tration of  the  salt  whose  effect 
upon  the  hydrogen  ion  concen- 
tration was  to  be  studied.  The 
hydrogen  ion  concentrations 
were  measured  two  day«  after 
the  solutions  were  made  up. 


12  3 

Molar  Concentration  otSalt 
Fig.  5. 
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Tabids  V. 
Effect  of  Chlorides  upon  the  Concentration  of  Hydrogen  Ion  of  0.004  N  Hydrodikric 

Add. 


Concentration  of  salt. 

Molar  strength.                     Log  Cfl+. 

Sodium  Chloride. 

Concentration  of  salt. 

Molar  strength.                         Log  Cb+. 

Potassium  Oilmde. 

0 

—2.49 

0 

—2.49 

I 
2 

—2.27 
— 2.10 

I 

2 

—2.39 
—2.28 

3 

4 

—1.88 
-1.69 

3 

4 

—2.17 
—2.03 

Ammonitun  Chloride. 

Lithhun  Chloride. 

0 

—2.49 

0 

—2.49 

I 

—2.37 

I 

— 2.21 

2 
3 

—2.27 
—2.18 

2 
3 

—1.95 
—1.67 

4                              —2.03 
Barium  Chloride. 

4 

—1.40 
Sodium  Sulfate. 

0 

—2.49 

0 

—2.49 

0.25 

— 2.40 

0 

25 

— 3.01 

0.5 

— 2.30 

0 

5 

—3.13 

i.o 

— 2.10 

I 

0 

—3.22 

2 

0 

—3.29 

Ammonium  Sulfate. 

3. 

0                          — :3.34 
Magnesitun  Sulfete. 

0 

—2.49 

0 

—2.49 

0.25 
0.5 

— 3.02 
— 3.16 

0 

0 

25 
5 

-2.84 
—2.97 

1.0 

3.30 

I. 

0 

—2.99 

2.0 

—3.46 

2. 

0 

—2.79 

3.0 

—3.55 

3 

0 

-2.58 

Tables  VI  and  VII,  and  Figs.  6  and  7  show  the  results  obtained. 
It  may  be  noted  here  that  the  relative  effect  of  ammonium  sulfate  and 
sodium  sulfate  on  o.i  N  sulfuric  add  differs  from  that  on  0.0005  N  sul- 
furic add  as  shown  in  Fig.  4.  In  the  case  of  the  0.0005  ^  ^^»  ammonium 
sulfate  decreases  the  hydrogen  ion  concentration  at  0.25  molar  concen- 
tration of  the  salt  and  no  further  decrease  is  noted  for  higher  contaitra- 
tions.  This  is  probably  due  to  the  slight  add  reaction  of  ammonium  sol- 
fate  which  is  noticeable  in  such  dilute  add  as  0.0005  N,  but  not  in  the 
presence  of  o.i  N  sulfuric  add. 

The  effect  of  chlorides  in  increasing  the  hydrogen  ion  concentration  d 
hydrochloric  add  solutions  is  not  new.  This  has  previously  been  shown 
by  Poma,^  Hamed*  and  by  Fales  and  Nelson.'    Arrhenius^  found  that 

^  Z.  physik.  Chem,,  88, 671  (1914). 

•  Tms  Journal,  37,  2460  (1915). 

•/Wi.,  37,  2769(1915). 

<Z.  physik.  Chem.,  31,  197  (1899). 
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the  hydrogen  ion  activities  of  acetic 
and  of  hydrochloric  adds  were  in-  ^^ 
creased  by  neutral  salts  which  he  -^ 
thought  was  due  to  the  salts  in-  S 
creasing  the  dissociation  of  the  ^ 
adds,  but  in  the  light  of  recent  :^ 
work  on  hydration  of  ions  in 
aqueous  solutions,  a  more  plausible 
explanation  is  offered,^  namdy, 
that  the  volume  of  solvent  appears 
to  decrease. 

When  the  chlorides  are  arranged 
in  order  of  their  ability  to  increase  ^ 
the  hydrogen  ion  activity,  the  fol- 
lowing series  is  obtained:  MgCls> 
BaCli  >  I4CI  >  NaCl  >  NH4CI  = 
KCl  which,  with  the  exception  of 
magnesitun  and  of  barium,  is  in 
inverse  order  to  a  series  of  these 


Sulphuric  A:tD-  ^//o 


I 


I 


A^o/ar  Concenfration  ofdatt 
Pig.  6. 


cations  arranged  in  order  of  thdr  equivalent  conductivities. 


Hydrochloric  Acid  -  ^lio 


In  the  above  series  the  salts 
are  arranged  in  order  of  the  in- 
creasing hydration  (i.  e.,  ntun- 
ber  of  molecules  of  water  com- 
bined with  the  ions  at  infinite 
dilution)  of  their  cations,  K+, 
9.6;  NH4+,  10.7;  Na+,  16.9;  Li"*", 
24.0;*  Ba++,  relativdy  higher;* 
Mg++,  higher  than  Ba+"»-.* 

Poma^  found  that  chlorides  in- 
creased the  hydrogen  ion  con- 
centration of  hydrochloric  add 
solutions  in  the  following  order: 
MgCl,  >  CaCl,  >  UCl  >  KCl  > 
RbCl. 

The  noteworthy  feature  of  this 

Molar  Concenfration  of  Salt  I»Per  is  the  contrast  shown  be- 

Fig.  7.  tween  the  decreasing  hydrogen 

^  Poma,  hoc,  cU.  Poma  and  Patroni,  Z.  physik,  Chem.,  87,  197  (1914);  Harncd, 

Loc,  cU,;  Smith,  This  Journal.  37»  722  .(19x5)* 

*  &nith,  Loc,  cU, 

*  Washburn,  Tech.  Quart.,  ai,  360  (1908). 

*  Jones,  Carnegie  Inst.  Pub.,  60  (1907)- 
^Loc.cit. 
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Tablb  VI. 
Effect  of  Salts  upon  the  Concentration  of  Hydrogen  Ion  of  o.i  N  Sulfuric  Add. 


Concentration  of  salt. 

Molar  strength.  Log  Ch+- 

Soditun  Chloride. 


Concentration  of  salt. 

Molar  strength.  Log  Cg-^- 

Ammonium  Chloride. 


O                                        — I  .21 

0 

— 1 .21 

I                                         —0.99 

I 

—1.08 

2                                         — 0.78 

2 

— 0.98 

3                                —0.57 

3 

—0.84 

4                               —0.36 

4 

— 0.72 

Magnesitun  Chloride. 

Sodium  Sulfate 

. 

0                            — 1 .21 

0 

— 1 .21 

0.25                       — 0.84 

0.25 

—1.60 

0.5                        — 0.56 

0.5 

—1.72 

i.o                        — 0.56 

1.0 

—1.80 

2 .0                         +0 .03 

2.0 

—1.88 

3.0                         +0.60 

3 

—1.92 

Ammonium  Sulfate. 

Magnesium  Sulfate. 

0                            — 1 .21 

0 

— 1 .21 

0.25                       — 1 .61 

0.25 

-1.46 

0.5                         —1.76 

0.5 

—1.52 

1 .0                        — 1 .90 

1 .0 

—1.53 

2.0                        — 2.04 

2.0 

—1-39 

3.0                         —2.15 

3.0 

—1. 15 

4.0                         — 2.24 

ion  effect  of  sulfates  and  the  increasing  effect  of  chlorides  on  add 
solutions,  and  the  interesting  similarity  of  the  distribution  of  the 
plots  between  the  sulfuric  add  salt  systems  and  the  hydrochloric 
add  salt  systems.  We  are  not  prepared  to  offer  an  explanation  for  the 
above  but  are  in  agreement  with  the  statement  made  by  Hamed^  that 
"when  more  complete  thermodynamic  data  are  available,  the  calculation 
of  eqtiilibria  in  concentrated  solutions  will  be  rendered  possible/'  and 
that  if,  as  he  has  indicated  "the  thermodynamic  degrees  of  dissociation 
or  activities  are  a  simple  function  of  the  ionic  Hydration  values,  the  whole 
behavior  of  a  concentrated  solution  of  an  dectrolyte  will  become  ex- 
pUcable." 

The  peculiar  effect  of  magnesium  salts  is  interesting,  espedally  in  that 
the  concentrations  for  bends  in  the  curves  are  in  each  case  between  0.5 
and  I  molar.  We  have  tried  to  find  an  explanation  for  these  peculiarities 
in  Jones'  "Hydrates  in  Aqueous  Solutions."*  Jones  states,  "Magnesium 
sulfate,  like  all  the  other  sulfates  studied,  gives  abnormal  results.  It  ap- 
pears to  form  no  hydrates  in  aqueous  solution,  notwithstanding  the  fact 
that  it  aystallized  with  seven  molecules  of  water  of  crystallization.  It  is 
almost  certain  that  this  substance  has  considerable  hydrating  power,  but 

^  Tms  JovRNAh,  40,  1481  (1918). 
•  CamegU  Inst.  Pub,  60  (i  907). 
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this  is  masked  in  our  results  by  the  large  amount  of  polymerization  which 
the  sulfates  undergo." 

Tabls  VII. 
Effect  of  Salts  upon  the  Concentration  of  Hydrogen  Ion  of  o.i  N  Hydrochloric  Acid. 
CoBoentratkm  of  salt.  Concentration  of  salt. 

Molar  strcncth.  I<o»Ca+.  Molar  strength.  hogCH+' 

Sodium  Chloride.  Potassium  Chloride. 

0  — 1 .038  o  — 1 .038 

1  --0.88 

2  —0.72 

3  —0.52 

4  -0.36 
Ammonium  Chloride. 

o  — 1 .038 

2  —0.87 

3  -0.75 

4  -0.65 
Barium  Chloride. 

o  — 1 .038 

0.23  — 0.96 

0.3  — 0.88 

0.73  —0.80 

i.o  —0.71 


Sodium  Sulfate. 

0 

— I 

.038 

0 

.23 

— I 

•51 

0 

.3 

— I 

.65 

I 

.0 

— I 

.79 

2 

.0 

— I 

.86 

5 

.0 

— I 

.89 

jflafPT^twu^^ 

Sulfate. 

0 

— I 

.038 

0 

.25 

— I 

.36 

0 

.5 

— I 

.45 

I 

.0 

— I 

.47 

2 

.0 

— I 

.34 

I 

— 0 

.95 

2 

— 0 

.85 

3 

— 0 

.75 

4 

r-o 

.63 

Lithitun  Chloride! 

0 

— I 

.038 

I 

— 0 

.81 

2 

— 0 

.60 

3 

— 0 

.35 

4 

— 0 

.12 

Magnesium  Chloride. 

0 

— I 

.038 

0. 

25 

—0 

.73 

0, 

5 

— 0 

.55 

I, 

.0 

— 0 

.55 

2 

.0 

+0 

.005 

3 

.0 

+0.68 

4 

.0 

+1 

.37 

Ammonium  Sulfate. 

0 

— I 

.038 

0. 

25 

— I 

.52 

0. 

5 

— I 

.72 

I. 

0 

— I 

.90 

2. 

0 

— 2 

.05 

3. 

,0 

— 2 

.14 

4 

.0 

— 2 

.18 

3.0 


-1. 12 


The  curve  of  freezing-point  depression  of  magnesium  sulfate  plotted 
against  concentration  shows  a  depression  to  about  0.5  molar  from  which 
point  the  depression  decreases  for  higher  concentrations.  In  this  respect 
there  is  a  slight  similarity  to  its  decreasing  efiFect  on  hydrogen  ion  concen- 
tration to  0.5  to  I  molar,  beyond  which  it  increases  it.  Magnesium  chlo- 
ride, however,  gave  a  similar  effect  on  freezing-point  depression,  although 
not  so  pronounced  as  magnesium  sulfate. 

We  do  not  beUeve  that  the  figures  for  hydrogen  ion  concentrations  in 
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tke  presenoe  ci  salts  (except  in  dilute  solutions)  given  in  this  paper,  are 
the  true  values.  They  should  be  termed  apparent  ccmcentrations  of  hy- 
drogen ion  as  determined  by  the  method  in  general  use  at  this  date. 

Apparatus  and  Method. 

For  the  determinaticm  of  the  hydrogen  um  concentration,  a  Wolff 
15,000  ohm  bridge  with  a  galvanometer  to  determine  the  null  point  was 
used.  As  hydrogen  electrode,  a  No.  16  Brown  and  Sharpe  gage  platinum 
wire  (platinized)  fused  in  a  glass  tube  inserted  in  the  Clark^  cdl  was  used. 
The  calomel  element  contained  3.5  molar  potassium  chloride  solution 
saturated  with  calomel  and  was  the  same  design  as  that  described  by 
Fales  and  Vosburgh.*  The  e.  m.  f.  was  determined  by  means  of  a  Weston 
cell  that  had  been  checked  by  the  Biu-eau  of  Standards.  The  hydrogen 
contained  in  a  tank  tmder  presstu'e,  was  carefully  washed  through  saturated 
mercuric  chloride  solution,  alkaline  permanganate,  alkaline  pyrogallol 
and  a  towa*  of  cotton  fibers.  The  measurements  were  made  at  room  tem- 
peratures which  varied  between  22^  and  26**,  the  proper  ccMrections  being 
made.  No  correction  for  barometric  pressiu-e  was  made  since  this  correc- 
tion is  so  small.'  No  attempt  was  made  to  calculate  and  corrrect  for  the 
solution  contact  potential  because  we  know  of  no  satisfactory  method  of 
doing  so,  especially  where  solutions  containing  divalent  ions  are  concerned. 
It  is  emphasized,  however,  that  the  differences  in  effects  reported  in  this 
paper  cannot  be  attributed  to  solution  contact  potential.  This  point  was 
demonstrated  by  Hamed,  and  Fales  and  Vosbtu'gh^  proved  that  there  is 
no  contact  potential  at  25®  between  a  sattu-ated  solution  of  potassium 
chloride  (4.1  M)  and  hydrochloric  add  solutions  ranging  in  concentra- 
tions between  o.i  molar  and  i.o  molar. 

The  salt  bridge  between  the  hydrogen  and  calomel  elements  tised  in 
our  measurements  was  a  saturated  solution  of  potassium  chloride. 

We  are  greatly  indebted  to  the  Messrs.  A.  F.  Gallun  and  Sons  Company, 
of  Milwaukee,  for  grants  in  aid  of  this  investigation,  and  to  the  editor  of 
This  Journal  for  his  helpful  criticism  of  the  manuscript. 

N«w  YoBK.  N.  y. 

*  Clark,  /.  Bud.  Chem.,  33, 475  (1915). 
'  This  Journal,  40, 129  (191S). 

•  See  Hamed,  Loc,  cU, 
« Loc.  cU. 
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HYDROGEN  HALIDES  IN  AQUEOUS  SOLUTION;  THE 
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Received  September  22,  1919. 
Contents:  i.  Purpose  of  the  Investigation.  2.  Previous  Determinations.  3. 
Descriptioa  of  Method  and  Apparatus.  4.  Prdiminary  Experiments.  5.  Method 
of  Computing  the  Results.  6.  Experimental  Data  and  Computed  Vapor  Pressures. 
7.  Comparison  with  Electromotive-Force  Data.  8.  The  Free  Energy  of  Formation  of 
Hydrogen  Chloride  and  of  the  Hydrogen  Halides  in  Solution.     9.  Summary. 

I.  Purpose  of  the  Investigation. 

The  free  energy  of  formation  of  the  hydrogen  halides  at  ordinary  tem- 
peratures may  be  calculated  readily  by  the  aid  of  electromotive  force 
data  and  of  vapor-pressure  measurements.  Thus,  from  the  electromotive 
force  of  the  cell  Hj  (i  atm.),  HCl  {c  molal),  Clj  (i  atm.),  may  be  calculated 
the  free  energy  of  i  HCl  in  c  molal  solution.  By  adding  to  this  the  free- 
energy  increase  attending  the  compression  of  i  HCl  from  the  pressure 
at  which  hydrogen  chloride  is  in  equilibrium  with  its  c  molal  solution  to 
a  pressure  of  one  atmosphere,  the  free  energy  of  formation  of  hydrogen 
chloride  is  obtained. 

The  necessary  electromotive  force  data,  in  the  case  of  hydrogen  chloride, 
have  been  determined  with  a  considerable  degree  of  accuracy;  but,  as 
pointed  out  by  EUis,*  the  existing  data  for  the  partial  pressures  of  hydro- 
gen chloride  above  its  aqueous  solutions  at  25®  are  not  at  all  consistent. 
This  investigation  was  undertaken  with  the  object  of  securing  the  neces- 
sary vapor-pressure  data. 

In  addition  the  vapor  pressures  at  25^  of  hydrogen  bromide  and  of 
hydrogen  iodide  above  their  aqueous  solutions  wiere  determined.  The 
previous  data'  for  these  adds  are  very  fragmentary;  none  of  it  is  at  25^. 
The  absence  of  the  necessary  electromotive  force  data  makes  impossible 
the  computation  of  the  free  energies  of  formation  of  these  halides  by  the 
method  employed  for  hydrogen  chloride;  fortunately  it  has  been  possi- 
ble to  calculate  these  values  from  other  data. 

2.  Previous  Determinations. 

A  comparison  of  the  values  determined  by  Gahl*  at  25®  and  by  Dole- 
zalek'  at  30^  for  the  partial  pressures  of  hydrogen  chloride  above  its 
^  DuPOnt  Scholar,  1918-19,  Throop  College  of  Technology. 

*  Tms  Joxtrnal,  38*  737  (1916). 

*  Bodenstein  and  Geiger,  Z.  physik.  Chetn.,  49,  70  (1904);  Stegmuller,  Z.  EUktro- 
ckem.,  x6,  85  (1910). 

*  Z.  physik.  Chem.,  33,  178  (1900). 
•iW<i.,  36,334(1898). 
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aqueous  solutions  indicates  inaccuracy  in  the  methods  of  one  or  of  both 
of  these  investigators.  Thus  from  Dolezalek's  results  Linhart^  calailated 
the  vapor  pressure  of  a  solution  containing  6.75  mols  of  hydrogen  chloride 
per  1000  g.  of  water  to  be  0.27  mm.  at  25^  while  Gahl  determined  the 
vapor  pressure  of  a  solution  of  this  concentration  to  be  but  0.08  mm. 

Dolezalek's  method  consisted  in  passing  a  mixture  of  hydrogen  and 
oxygen  generated  by  the  electrol3rsis  of  a  potassium  hydroxide  solu- 
tion through  saturators  filled  with  the  hydrochloric  add,  and  then,  through 
an  apparatus  for  absorbing  the  hydrogen  chloride.  The  volume  of  the 
gases  passed  was  calculated  from  the  difference  in  weight  of  the  gener- 
ating apparatus  before  and  after  a  nm.  The  hydrogen  chloride  was  ab- 
sorbed in  standard  potassium  hydroxide  solution  and  its  amount  deter- 
mined by  titrating  back  with  add.  Eight  to  fifteen  liters  of  gas  were 
passed  in  from  5  to  8  hrs.  In  this  way  vapor  pressures  at  30*  of  hydrogen 
chloride  above  its  aqueous  solutions  from  5  to  10  A/'  were  determined. 

Gahl  investigated  the  vapor  pressures  at  25^  of  hydrogen  diloride  in 
eqtiilibrium  with  its  solutions  from  i  ijo  6  N.  He  passed  a  mixture  of 
hydrogen  and  oxygen  generated  by  the  dectrolytic  decomposition  of  a 
potassium  hydroxide  solution  through  saturators  filled  with  hydrochloric 
add  and  then  through  a  conductivity  cell  containing  about  one  cc.  of 
water.  The  volmne  of  gases  passed  was  calculated  from  the  quantity 
of  electridty  used  in  decomposing  the  potassium  hydroxide  solution. 
The  gases  were  bubbled  through  saturators  consisting  of  spiral  tubes 
about  one  cm.  in  diameter.  The  amount  of  hydrogen  chloride  taken  up 
by  the  water  in  the  cell  was  determined  by  measuring  the  conductivity 
of  the  resulting  solution. 

3.  Description  of  Method  and  Ajiparatas. 

The  method  employed  in  this  investigation  was  to  determine  the  hy- 
drogen halide  contained  in  a  given  quantity  of  air*  in  equilibrium  with 
its  aqueous  solution  and  compare  this  with  the  amount  of  water  vapor 
which  the  same  air  contained  when  in  equilibrium  with  pure  water  at 
the  same  temperature.  From  a  knowledge  of  the  vapor  pressure  of 
water  at  the  temperature  of  the  experiment,  the  vapor  pressure  of  the 
halide  may  then  be  computed. 

The  air  was  first  passed  through  a  preliminary  saturating  apparatus 
which  consisted  of  a  series  of  3  Bmmerling  tubes  containing  glass  beads 
and  partially  filled  with  a  solution  of  add  of  the  same  concentration  as 
that  used  in  the  saturator.  From  these  tubes  the  air  was  led  into  the 
saturator;  this  was  of  the  type  designed  by  Berkdey  and  Hartley*  with 

*  This  Journal,  39,  2601  (191 7). 

'  Nitrogen  was  emplo3red  in  the  case  of  hydrogen  iodide. 

•  Proc.  Roy  Soc.  London,  77,  156  (1906). 
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the  modificatknis  made  by  Washburn  and  his  associates.^  The  chief  ad- 
vantage of  this  type  of  saturator  is  that  the  air  does  not  bubble  through 
the  sohition,  but  passes  over  it  and  along  the  walls  of  the  vessel  which 
are  being  continually  wet  with  the  solution.  In  this  way  more  complete 
saturation  is  obtained  than  in  the  more  commonly  employed  air-bubbling 
method,  and  danger  of  carrying  spray  over  into  the  absorber  is  greatly 
reduced.  Indeed,  as  was  shown  in  tibis  investigation,  it  is  made  entirely 
n^lligible.  The  total  length  of  path  over  which  the  air  travelled  in 
passing  through  the  saturator  was  about  140  cm.  Bach  of  the  first  5 
limbs  of  the  saturator  was  about  ^/t  filled  by  placing  in  it  30  cc.  of  add 
section  while  the  last  limb  contained  only  10  cc. 

The  hydrogen  halide  was  then  absorbed  from  the  saturated  air  by 
passing  the  latter  over  a  dil.  sodium  hydroxide  solution  contained  in  a 
small  two-limbed  absorber.  This  was  similar  in  construction  to  the  satura- 
tor and  contained  about  10  cc.  of  the  solution  in  each  limb.  The  solutions 
employed  ccmtained  no  detectable  trace  of  halides;  their  concentrations 
varied  from  o.i  to  0.5  N,  depending  upon  the  amount  of  halide  which 
was  to  be  absorbed. 

After  the  absorption  of  the  hydrogen  halide  gas,  the  air,  already  almost 
saturated  with  water  vapor,  was  completely  saturated  by  passing  it  through 
a  saturator  of  the  same  type  and  size  as  that  used  for  the  halide  satura- 
tion. The  amount  of  water  contained  in  this  air  was  determined  by  ab- 
sorbing it  in  a  series  of  4  U-tubes,  the  first  of  which  contained  caldtmi 
chloride,  the  others  broken  pumice  stone  moistened  with  cone,  sulfuric 
add. 

The  saturators  and  the  halide  absorber  were  in  a  thermostat  mounted 
on  a  roddng  device  which  oscillated  about  30  times  a  minute.  The  U-tubes 
for  absorbing  the  water  were  outside  the  thermostat.  To  avoid  possible 
condensation  of  water  vapor,  the  tube  connecting  the  last  saturator  with 
the  U-tubes  was  kept  at  a  slightly  higher  temperature  than  the  thermostat 
by  passing  a  small  dectric  current  through  a  wire  wound  around  it. 

Finally,  the  air  passed  through  a  roughly  calibrated  gas  meter.  This 
served  to  indicate  the  approximate  rate  of  flow  of  the  air  through  the 
system. 

On  account  of  the  oxidizing  action  of  air  upon  hydriodic  add,  nitrogen 
was  employed  as  the  inert  gas  in  the  experiments  upon  this  halide.  An 
apparatus  similar  to  that  described  by  Hulett*  was  employed  to  reduce 
to  a  n^ligible  amount  the  small  percentage  of  oxygen  which  the  commer- 
cial nitrogen  contained.  Before  starting  a  nm  the  air  was  swept  out  of 
the  preliminary  saturating  apparatus  and  the  connecting  tube  by  means 
of  hydrogen,  and  a  current  of  this  gas  was  passed  through  the  saturator 

*  This  Joxtrnai^  37»  309  (1915). 

•  Ibid.,  37, 1415  (1905). 
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wlule  the  hydriodic  add  was  being  transferred  to  it.  In  ^ite  of  these 
precautions  the  more  concentrated  solutions  became  sUghtly  brown  be- 
fore the  nm  was  started.  During  the  nm  the  oxidation  did  not  increase 
to  a  noticeable  extent.  In  order  to  determine  the  maximum  effect  of 
oxidation  a  modified  run  on  9.3  molal  add  was  made.  In  this  run  the 
precautions  observed  in  filling  the  apparatus  were  not  taken  and  the 
small  amount  of  oxygen  contained  in' the  nitrogen  was  not  removed.  The 
gases  from  the  saturator  were  passed  over  carbon  tetrachloride  contained 
in  the  absorbing  device.  The  iodine  taken  up  by  the  carbon  tetrachloride 
amounted  to  less  than  2%  of  the  total  iodide  found  in  the  absorber  at 
the  end  of  a  regular  experiment  in  which  add  of  the  same  concentration 
was  employed.  In  the  latter  run  the  amount  of  oxidation,  as  indicated 
by  the  color  of  the  solution  in  the  saturator  was  very  mudi  less;  the  re- 
sulting error  was  certainly  less  than  0.5%. 

In  each  of  the  determinations  from  50  to  200  liters  of  air  or  nitrogen 
was  passed  through  the  system  at  rates  of  7  to  10  liters  per  hour.  At 
the  end  of  a  run  the  water  absorbers  were  inunediatdy  removed  and 
wdghed.  The  solution  in  the  absorber  for  the  hydrogen  halide  was 
poured  into  an  Erlenmeyer  flask,  and  the  absorber  rinsed  with  four  10  cc 
portions  of  distilled  water;  this  was  shown  by  tests  to  be  ample  to  remove 
all  halides.  When  more  than  about  o.ooi  equivalent  of  halide  was  present 
in  the  absorber,  it  was  determined  by  the  standard  method  of  Goodi. 
Smaller  amounts  were  determined  by  the  method  of  McLean  and  Van 
Slyke,^  modified  as  follows.  The  halide  was  predpitated  in  the  presence  of 
a  known  amount  (about  one  gram)  of  free  nitric  add  with  an  excess  of 
0.025  N  silver  nitrate  solution.  After  coagulation  of  the  colloidal  prt- 
dpitate  had  been  accomplished  by  shaking  the  mixture  for  a  few  seconds 
with  two  drops  of  caprylic  alcohol,  the  silver  halide  was  removed  by  fil- 
tration through  a  Gooch  crudble.  The  excess  silver  nitrate  contained  in 
the  filtrate  was  titrated  with  o.oi  N  potassitmi  iodide  which  had  been 
standardized  against  the  silver  nitrate  solution.  Just  before  titration  4 
cc.  of  trisodium  dtrate  solution*  was  added  for  eadi  gram  of  &ee  nitric 
add  present.  Under  these  conditions,  using  starch  as  an  indicator,  0.05 
cc.  of  0.01  N  potassium  iodide  gave  distinct  color  change  in  150  cc.  of 
solution. 

The  concentrations  of  the  hydrochloric  and  hydrobromic  add  solu- 
tions whose  vapor  pressiu-es  were  determined  were  found  by  titration 
against  sodium  carbonate.  In  the  case  of  the  hydriodic  add,  the  concen- 
trations were  determined  by  diluting  a  wdghed  amount  of  add  and^titra- 
ting  the  resulting  solution  against  0.05  iV  silver  nitrate  solution,  by  the 

*  This  Journal,  37,  1128  (1915). 

*  McLean  and  Van  Slyke,  Loc.  cit. 
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method  of  McLean  and  Van  Slyke.  The  add  scdutions  employed  were 
obtained  by  redistilling  Baker's  c.  p.  adds*  the  first  and  last  portions  of 
the  distillates  being  rejected. 

4.  Preliminary  Experiments. 

Preliminary  experiments  were  made  to  determine  the  effectiveness  of 
the  saturator  and  of  the  absorber.  To  test  the  degree  of  sattu-ation  of 
the  air  with  the  hydrogen  halide,  three  nms  were  made  emplo3dng  the 
same  solution  of  hydrochloric  add.  In  eadi  of  these  nms  about  100 
liters  of  air  was  passed  through  the  system  at  rates  of  5,  10  and  20  liters 
per  hour,  respectively.  The  vapor  presstures  thus  determined  agreed  with 
one  another  to  within  2%.  To  further  test  the  satiu^tion,  the  preliminary 
saturating  device  was  temporarily  removed  and  a  nm  made.  The  value 
given  by  this  experiment  was  within  1%  of  those  previously  found.  The 
experiments  of  Washbtun  and  Heuse^  show  that  the  method  of  sattu-a- 
ting  the  air  with  water  vapor  is  effident  and  reliable.  They  passed  air 
through  similar  saturators  at  a  much  faster  rate  than  that  used  in  this  in- 
vestigation and  obtained  equilibritun  conditions.  Thus  in  one  experi- 
ment air  was  passed  at  a  rate  of  27  liters  per  hoiu*.  The  difference  be- 
tween the  vapor  pressures  of  water  as  given  by  two  sudi  saturators  in 
series  was  0.02  %. 

The  effidency  of  the  absorber  was  demonstrated  by  the  fact  that,  when 
60  liters  of  air  was  passed  through  the  apparatus  at  a  rate  twice  as  great 
as  that  used  in  the  final  experiments,  no  determinable  amount  of  chlorine 
was  found  in  a  second  absorber.  It  was  further  tested  by  examining  the 
water  contained  in  the  water  saturator.  If  the  hydrogen  halide  were 
not  completdy  removed  from  the  air  dviing  its  passage  through  the  ab- 
sorber containing  the  sodium  hydroxide  solution,  it  would  be  largely 
taken  up  by  the  following  part  (rf  the  system,  namely,  the  water  satura- 
tor. After  3  runs  had  been  made  without  renewing  the  water  in  the 
saturator,  it  was  tested  and  found  to  yidd  less  than  0.002  milli-equivalent 
of  halide. 

In  order  to  make  certain  that  none  of  the  add  solution  was  being  car- 
ried from  the  saturator  to  the  absorber  in  the  form  of  spray,  a  run  was  made 
in  whidi  the  saturator  contained  4  molal  potassium  chloride.  Although 
the  air  was  passed  through  the  system  at  a  rate  greater  than  that  em- 
ployed in  the  filial  experiments,  no  trace  of  halide  was  found  in  the  ab- 
sorber at  the  end  of  the  run. 

Differential  manometers  placed  between  various  parts  of  the  system 
showed  that  any  pressure  differences  in  the  system  were  less  than  o.i 
mm.  of  mercury.  In  the  final  experiments  the  manometers  were  not 
used. 

»  This  Journal,  37, 309  (1915). 
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5.  Method  of  Comimtiiig  the  Retnlts. 

In  computing  the  results  from  the  experimental  data  it  is  assumed 
that  the  water  vapor  and  the  hydrogen  halide  gas  at  the  low  pressures 
involved  obey  the  perfect-gas  law.  The  error  introduced  by  these  as- 
sumptions is  less  than  the  errors  of  the  experimental  method. 

The  vapor  pressure  pi  of  hydrogen  halide  in  its  solution*  which  is  equal 
to  the  partial  pressure  of  hydrogen  halide  in  the  air  in  eqtiilibrium  with 
it,  is  given  by  the  familiar  expression 

Pivi  =  NiRT.  (i) 

Here  Ni  is  the  number  of  mols  of  hydrogen  halide  contained  at  the  tem- 
perature T  in  the  volume  of  air  t?i  which  passed  through  the  hydrogen 
halide  satiu-ator.    For  the  water  vapor  we  have  the  similar  expression 

p^  =  NJiT.  (2) 

Here  vt  is  the  volume  of  the  air  as  it  passes  through  the  saturator  for  water 
vapor.  The  volumes  t;i  and  vt  differ  slightly,  for,  though  the  total  pressure 
in  the  two  sattu-ators  is  substantially  the  same  (as  shown  by  the  differ- 
ential manometers),  the  partial  pressure  of  the  air  is  p^  —  p,  —  pi  as  it 
leaves  the  hydrogen  halide  sattu^tor,  and  p^  —  pt  as  it  leaves  the  water 
saturator,  p^  being  the  barometric  pressure  and  p,  the  vapor  pressure  of 
water  above  the  add  solution.  Since  the  quantity  of  the  air  is  the  same 
in  the  two  cases,  its  presstu-e-volume  product  must  be  the  same,  i.  «., 

(Pa  —  Ps  —  Pl)Vl  ^   ipa  —  PtW  (3) 

By  combining  Equations  i,  2  and  3,  the  following  expression  for  Pi  re- 
sults: 

.   .  .  iN^i    iPa  —  ps  —  pi) 
Pi  ^  pi  rr  '  — z : — 

Nt  ifa  —  pt) 

For  p2,  the  vapor  pressure  of  pure  water,  the  values  23.76  mm.  and 
31.85  mm.  were  employed  at  25®  and  30^  respectively.  The  vapor 
pressure  of  water  in  equilibritun  with  the  add  solution  p,,  was  in  the  case 
of  hydrogen  chloride,  interpolated  from  the  values  given  by  Linhart.^ 
For  solutions  of  hydrobromic  add  and  of  hydriodic  add  it  was  assumed, 
because  of  lack  of  the  desired  data,  that  the  values  of  pj  are  the  same 
as  those  for  hydrochloric  add  of  the  same  concentrations.  It  was  deter- 
mined from  the  freezii^-point  curves  for  scdutions  of  these  3  halides  and 
also  from  a  comparison  of  the  vapor  pressure  results  obtained  in  this  in- 
vestigation, that  the  tnflTinnitn  error  in  the  values  thus  chosen  for  p« 
is  20%.  Such  an  error  would  cause  an  error  of  less  than  0.3%  in  the 
values  calculated  for  the  partial  pressures. 

6.  Experimental  Data  and  Computed  VqK>r  Pressures. 

The  experimental  data  and  the  calculated  vapor  pressures  are  given 
in  Table  I.    In  tibis  table  M  is  the  concentration  of  the  add  solutioa 
*  This  Journal,  39,  2607  (19 17). 
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Table  I.— - 


-ExPSROOtNTAL  DATA 
Halidbs  ABOVB 


ON  THB  Vapor  PrbssurS  op  thb 
Thbir  Aqusous  Solutions. 


HymtOGBN 


M, 

C. 

B  X  10». 

w. 

Pmrn. 

I>mm, 

D%. 

Hydrochloric 

Add  at  25  ^ 

3.240 

3.021 

0.0521 

2.870 

0.00780 

0.00002 

+0.3 

3.952 

3.656 

0.0982 

2.453 

0.01724 

0.00006 

--0.3 

5.041 

4.570 

0.31x8 

2.416 

0.0557 

0.0003 

+0.5 

5.364 

4.834 

0.3259 

X.78I 

0 .0791 

0.0027 

+3.5 

6.018 

5.359 

0.7085 

2.063 

0.1487 

0.0066 

+4.6 

6.270 

5.559 

0.7552 

1.895 

0.1727 

0.0067 

3.7 

6.457 

5.706 

0.983 

2.073 

0.206 

0.007 

3.3 

7.148 

6.238 

1.069 

1.206 

0.385 

0.013 

—3.3 

8.157 

6.980 

3.685 

1 .602 

0.999 

0.035 

+3.6 

8.950 

7.546 

4.920 

1. 175 

X.819 

O.03X 

—1.6 

9. 960* 

8.248 

9.643 

1.043 

4.012 

0.071 

—1.7 

9. 971* 

8.256 

9. 1 16 

0.961 

4. 117 

0.007 

+0.2 

9.990 

8.270 

19.483 

1.985         4.260            0.079 
Average  percentage  deviation  « 

+1.9 

2.8 

Hydrochloric  Add  at  30^. 

5.569 

4.990 

0.4137 

1.620 

0.148 

7  329 

6.364 

1.095 

0.895 

0.712 

8.726 

7.364 

6.768 

1. 510 

2.61 

9.286 

7.764 

6.789 

1. 139 

3.47 

... 

Hydrobromic  Add  at  25**- 

5.851 

5.076 

0.0130 

3.695 

0.00x53 

0.00024 

+16 

6.394 

5.482 

0.0165 

2.250 

(0.0032) 

(+35) 

7.632 

6.374 

0.0333 

2.497 

0.0058 

0.0006 

— xo 

8.315 

6.845 

0.0617 

2.338 

O.0115 

0.0003 

—3 

8.325 

6.850 

0.0866 

2. 811 

0.0134 

0.00x6 

+  12 

9.143 

7.393 

O.I18 

2.2x7 

0.0232 

0.0023 

— XO 

9.655 

7.730 

0.249 

2.337 

0.0466 

0.0037 

+8 

10.440 

8.221 

0.460 

2.261 

0.0888 

0.0009 

+  1 

10.950 

8.546 

0.705 

2.155 

0.143 

O.OOI 

— X 

HydriodicAddat25'. 

Average  percentage  deviation  •- 

7 

5.971 

0.0041 

3.529 

0.00051 

0.00008 

—16 

6.038 

0.0033 

2.696 

0.00053 

0.00007 

—13 

6. 171 

0.0064 

2.974 

0.00093 

0.00022 

+23 

7.586 

0.0x95 

2.388 

0.00355 

0.00025 

—7 

8.697 

0.1187 

2.692 

0.0192 

O.OOIO 

+5 

9.251 

0.167 

2.687 

(0.0271) 

(-98) 

9.332 

0.335 

2.729 

0.0536 

0.0046 

+8 

9.776 

0.586 

2.728 

0.0937 

0.00x8 

— 2 

*  Sohttions  saturated  with  calomel. 


Average  percentage  deviation  >■ 


xo 


expressed  in  mols  per  1000  g.  of  water,  C  the  concentratioa  in  mob  per 
Uter,  E  the  equivalents  of  halide  found  in  the  absorber,  W  the  weight  in 
g.  of  water  absorbed  by  the  U-tubes,  p  the  computed  partial  pressure 
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of  the  hydrogen  halide  in  mittimeters  of  merctny,  D^^^  and  D  %  the  devia- 
tions, in  mm.  and  in  percentages,  of  the  individual  values  from  the  smooth 
curve  obtained  by  plotting  the  experimentally  determined  values  <rf 
log  p  against  those  of  M. 

The  irregularities  in  the  above  results  arise  to  a  large  extent  from  the 
analytical  methods  employed.  Thus,  the  percentage  error  in  the  deter- 
mination of  the  concentration  of  the  add  employed,  is  increased  6  to  lo 
fold  when  expressed  as  a  deviation  of  the  vapor  pressure  results.  At  the 
lower  concentrations,  particularly  in  the  case  of  hydrogen  bromide  and 
iodide,  the  minute  amounts  of  halide  present  in  the  absorber  could  be 
determined  with  an  accuracy  of  about  io%  only. 

The  vapor  pressures  for  hydrogen  chloride  at  25®  given  in  Table  I 
are  two  or  three  times  as  great  as  those  interpolated  at  corresponding 
concentrations  frcnn  Gahl's  d^ta.  It  is  impossible  to  point  out  specific 
causes  of  error  in  Gahl's  method  because  he  apparently  did  not  test  the 
efficiency  of  his  saturators  and  because  he  gives  no  data  showing  the  con- 
cordance of  his  results,  nor  details  such  as  the  rate  of  flow  of  gases  through 
his  apparatus,  the  volume  of  gases  passed,  etc.  As  already  stated,  Ellis . 
pointed  out  that  Gahl's  results  were  not  consistent  with  the  electromotive 
force  data. 

In  order  to  test  the  accuracy  of  the  values  found  by  Dolezalek,  the  4 
determinations  at  30**  were  made.  The  results  obtained  are  more  con- 
sistent with  each  other  than  are  Dolezalek's,  and  on  the  average  differ 
from  the  values  interpolated  firom  the  data  of  that  investigator  by  about 
40%;  in  fact,  at  certain  concentrations  the  values  given  by  Dolezalek 
for  30**  are  approximately  equal  to  those  interpolated  for  25®,  from  the 
results  of  this  investigation.  Theabove  vapor  pressures  at3o**were  compared 
with  those  at  25**  by  the  aid  of  the  van't  Hoff  equation.  The  average 
differences  between  the  4  values  obtained  at  30^  and  the  corresponding 
results  calculated  from  the  experiments  at  25^,  is  8%  This  is  not^large 
considering  the  character  of  the  data,  partic^larly  the  tmcertainty  of  the 
thermochemical  values  involved. 

Tabi,b  11— Vapor  PRBSstTRBS  op  thb  Hydrog«n  ttitmss  AT  25*  AT  Round 


Concentrations. 

Mob  per 
000  g.  HtO. 

Vapor  pressure  in  mm. 

HCU 

HBr. 

HI. 

4.0 

0.0182 

5.0 

0.0530 

6.0 

0.140 

O.OOI51 

0.00057 

7.0 

0.348 

0.00370 

0.00182 

8.0 

0.844 

0.0089 

0.0065 

0.O 

1.^3 

0.0226 

0.0295 

too- 

4.20 

O.Q59 

0.132 

II  .0 
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Thfi  vapor-jycessure  data  at  25^  were  iaterpolated  to  round  concentra- 
tions by  means  of  the  curves  employed  for  determining  the  deviations. 
The  interpolated  results  are  given  in  Table  II. 

7.  Comparison  with  Electromotive-Force  Data. 

The  vapor-pressure  data  for  hydrogen  chloride  may  be  compared  with 
the  electromotive-force  measurements  of  hydrochloric^  add  concentra- 
tion cells  fax  the  following  manner.  The  free-energy  decrease  attending 
the  transfer  of  i  HCl  from  a  solution  c  molal  to  a  solution  o.i  molal' 
is  given  by  the  expression 

— AF  =  £F  «  (4) 

where  E  is  the  electromotive  force  of  a  cell  in  which  the  above  change  in 
state  takes  place  and  F  the  value  of  the  faraday.  The  same  free-energy 
decrease  may  be  expressed  also  by  means  of  the  equation 

-^F  ^RT  log,  p/Po,i  (5) 

where  p.  and  P0.1  are  the  vapor  pressures  of  hydrogen  chloride  above  its  c 
taci^l  and  its  o.  i  molal  solutions,  respectively. 
Ftcm  Equations  4  and  5  the  relation 

EF^RTlog,p/Po,i 
foDows.    Hence 

EF 

logio  p  =  logio  PQA  +  — ;  (6) 

2.303/?! 

Therefore  the  graph  obtained  by  plotting  values  of  logiop  against  corre- 
sponding values   of  E  shoidd   be    a   straight   line   having   the   slope 

F/2.S0SRT. 
The  desired  values  of  E  may  be  readily  calculated  from  the  results 
of  Ellis*  and  of  I<inhart.'    Both  of  these  investigators  determined  the  elec- 
tromotive force  at  25®  of  cells  of  the  type 

H2(i  atm.),  HCl  (c  molal),  H&Cl.  +  Hg 
over  a  oonsiderable  concentxatioa  range.  By  subtracting  the  electro- 
motive forcr  of  the  cell  in  which  the  concentration  is  c  molal,  from  that 
of  the  similar  cell  in  which  the  concentration  is  o.  i  molal,  the  quantity 
£. which  is  to  be  substituted  in  Equation  6  is  obtained*  These  values 
were  calculated  and  plotted  against  concentrations  expressed  as  mob 
per  1000  g«  of  water*  The  results  of  Ellis  and  of  Linhart  are  in  good  agree- 
ment with  ieach  other.    From  this  graph  values  of  E  corresponding  to 

*  Th^e  are  no  corresponding  data  for  hydrobromic  acid  or  hydriodic  acid  con- 
centration cells. 

■  The  results  cotdd  be  referred  to  a  solution  of  any  other  concentration  within  the 
rapge  of  the  E.  M.  F.  data;  the  concentration  o.i  molal  offers  particular  advantages  for 
the  free  energy  calculations  which  follow. 

•  Loc.  cit. 
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the  concentrations  at  which  the  vapor  pressures  were  experimentally  de- 
termined were  read  off  and  plotted  against  values  of  logiop. 

At  concentrations  below  about  7.15  molal  the  agreement  is  entirely 
satisfactory,  the  points  lie  on  a  straight  line  having  the  slope  required  by 
Equation  6.  Above  this  concentration  they  continue  to  lie  on  a  smooth 
curve  but  not  upon  the  straight  line.  This  deviation  can  be  accounted 
for  only  by  assuming  an  erro/  in  either  the  electromotive  force  or  the 
vapor-presstu-e  data  or  in  both.^  This  portion  of  the  curve  is  founded 
upon  2  electromotive-force  measurements  and  5  vapor-pressure  determina- 
tions. Of  the  latter  a  &t  10  molal  have  an  average  deviation  of  i  .3%. 
An  error  of  10%  in  the  vapor-pressure  data,  of  3  millivolts  in  the  electro- 
motive-force data  or  of  1%  in  the  concentration  of  the  add  would  explain 
the  discrepancy. 

Because  of  the  uncertainty  of  the  data  for  the  solutions  more  concen- 
trated than  7 .  15  molal,  only  the  results  obtained  within  the  range  in  whidi 
the  electromotive  force  and  vapor-pressure  data  show  good  agreement 
were  employed  to  calculate  Po,u  the  vapor  pressure  of  hydrogen  chloride 
above  its  o.i  molal  solution;  this  value  is  emplcqred  in  the  free  energy 
calculations  which  follow.  From  the  experimental  result  at  each  of  the 
8  concentrations  below  7 .  15  molal,  the  vapor  pressure  of  o.  i  molal  Iqr- 
drogen  chloride  calculated  by  means  of  Equation  6.  The  mean  of  th^e 
values  is  2.23  X  io~*  mm.;  the  average  deviation  from  the  mean  is  3.4%, 
the  probable  error  i .  2%. 

8.  The  Free  Energy  of  Formation  of  Hydrogen  Chloride  and  ct  flie 
Hydrogen  Halides  in  Solution. 

The  free  energy  of  formation  of  hydrogen  chloride  may  now  be  ob- 
tained by  adding  to  the  free  energy  of  i  HCl  in  o.  i  molal  solution,  which 
has  been  computed  by  EUis*  to  be  — ^34,  330  calories,  the  free  energy  in- 
crease which  results  when  the  pressure  is  increased  from  that  which  the 
hydrogen  chloride  has  above  its  o.  i  molal  solution  to  a  pressure  of  one 
atmosphere.  This  bee  energy  increase  is  found  by  the  equation  AF  >«  RT 
log  (760/2.23  X  io~*)  to  be  11,630  calories.  Henoe  the  free  enetgy  cl 
formaticm  at  25^  of  hydrogen  chkxride  is  -*-22,  700  calories. 

The  free  energies  of  the  hydrc^ien  halides  in  sdutioas  of  various  ooooen- 
trations  at  25^  are  given  in  Table  III.  The  values  for  hydrogen  ddoride 
up  to  and  indtiding  4  molal'  were  interpolated  from  the  results  of  Bllis. 
^  In  the  dftctramotive^foroe  dctemiiiuitiaiis  the  hydrochlocio  add  tolutinns  whkJi 
were  in  contact  with  the  calomel  electrodes  were  saturated  with  calomel.  Experiments 
showed  that  the  effect  of  dissolved  calomel  upon  the  vapor  pressure  of  lo.o  molal  hydro- 
chloric acid  was  negligible.    See  Table  I. 

•  Loc.  cU.    Table  X. 

*  Free  energies  for  solutions  more  dilute  than  o.i  molal  may  be  computed  from  the 
electromotive-force  measurements  of  Nojres  and  Ellb  (Tms  Journai^  39*  2532  (1917); 
and  of  Linhart  (Ibid.,  41,  1175  (1919)). 
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Tabls  III. — ^Fkb«  Enbrgibs  op  Hydrogbn  Haudbs  in  Solution  at  Various 

CONCBNTRATIONS  AT  2$^. 

Free  energy  in  calories. 
lOOOg.  HsO.  HQ.  HBr.  HL      ' 

O.I  —34330  —27550  —15260 


0.5  — ^32500 

1 .0  — ^31590 

2  .0  — ^30510 

3  .0  — 29690 
4.0  — 29100 
5 .0  —28365 


6.0                         —27790  —203.65  —8035 

^.o                     — 27250  — 19830  — 7360 

8.0           — 26725  — 19300  — 6600 

^       9.0           — 26235  — 18760  —5700 

lo.o                     —25775  — 18190  —4815 

II. o                         —17635                       

Ft«e  energy  of  formatkni  of  gaseous  halide 

— 22700  — 12592  +310 

At  the  higber  ooocentrations  the  free  energies  were  computed  by  adding 
to  the  free  energy  of  i  HCl(g)»  the  free  energy  of  expansion  from  a  pressure 
of  one  atmosphere  to  a  pressure  equal  to  its  partial  pressure  in  the  solu- 
tkm  in  question.  The  free  energies  of  hydrogen  bromide  and  of  h3rdrogen 
io<lide  were  calculated  in  a  similar  manner;  the  free  energies  of  forma- 
tion of  I  HBr(g)  and  of  i  HI(g)  were  taken  as  — 12592  and  +310  calories, 
respectively.^  The  free  energy  of  hydrogen  bromide  in  o.i  molal  solu- 
tion was  computed  from  the  results  of  Lewis  and  Storch,'  that  of  hydrogen 
iodide  from  the  free  energy  of  the  iodide  ion.' 

9.  Summary. 

1.  Determinations  have  been  made  of  the, vapor  pressures  of  hydro- 
gen chloride,  of  hydrogen  bromide  and  of  hydrogen  iodide  above  their 
aqueous  solutions  between  the  concentrations  3.2  and  10. o  molal,  5.8 
and  II  .0  medal,  and  6.0  cmd  9.7  mcisi,  respectively,  at  25^  and  of  hydro- 
gen diloride  between  5.5  and  9.2  molal  at  30^ 

2.  By  the  method  employed  partial  presstu'es  as  small  as  o.ooi  mm. 
were  determined  with  an  accuracy  of  a  few  per  cent. 

3.  The  vapor-pressure  measurements  of  h3rdrochloric  add  solutions 
between  3.2  and  7.15  molal  are  in  good  agreement  with  the  electro- 
motive-force data  for  hydrochloric  add  concentration  ceUs. 

4.  The  free  energy  of  formation  at  25**  of  hydrogen  diloride  is  — 22,700 
calories. 

5.  The  free  energies  at  25®  of  the  halide  adds  in  aqueous  solutions  of 
various  concentrations  are  given. 

PAaADSIIA.  CAI^ 

^  Lewis  and  RandaU,  This  Journai^,  36,  2259  (1914);  Ibid.,  38,  2348  (1916). 

*  This  Journai,,  39,  2544  (1917). 

*  Lewis  and  Randall,  This  Journai^,  36,  2259  (1914). 
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[Contribution  prom  thb  Woixott  Gibbs  Msmoriai^  Laboratory  oi^  Harvard 

Univbrsity.] 

THE  DIELECTRIC  CONSTANTS  OF  TYPICAL  ALIPHATIC  AND 

AROMATIC  HYDROCARBONS,  CYCLOHEXANE,  CYCLO- 

HEXANONE,  AND   CYCLOHEXANOL. 

By  T.  W.  Richards  and  J.  W.  Shipiay. 

Received  October  6,  19)9. 

This  investigation  is  part  of  an  extended  research  which  has  as  its  ob- 
ject the  study  of  the  properties  of  a  large  number  of  related  carbon  ami- 
pounds. 

The  simplest  method  for  the  measurement  of  dielectric  constants  de- 
pends upon  the  comparison  of  the  capacities  of  a  given  condenser  when 
air,  a  standard  substance,  and  the  substances  to  be  studied  are  successively 
place^  between  the  condenser  plates.  As  developed  by  Nemst^  and  his 
pupils  the  essential  apparatus  consists  oi  a  bridge,  in  which  capacities  as 
well  as  resistances  are  balanced.  Into  one  arm  of  the  bridge  are  placed 
two  condensers  in  parallel,  one  consisting  of  two  brass  plates  between  which 
slides  a  movable  glass  plate  whereby  it  is  possible  to  vary  the  capacity  of 
the  condenser  at  will,  the  other  of  a  vessel  containing  the  Hqidd  to  be 
measured,  between  two  metal  plates.  Into  the  other  arm  of  the  brid^  is 
{daced  a  balancing  condenser.  The  details  of  this  method  have  been  so 
frequentiy  described  that  it  is  unnecessary  to  repeat  them  here.' 

The  principal  objection  to  the  method  lies  in  its  narrow  application, 
since  a  sharp  minimum  on  the  telephone  receiver  is  not  obtainable  when 
a  good  conductor  fills  the  vessel.  The  method  was  nevertheless  chosen 
for  the  present  work,  because  the  major  portion  of  the  liquids  to  be  studied 
were  very  poor  conductors.  For  such  it  offered  the  readiest  and  most  ex- 
act method  for  determining  their  dielectric  constants. 
-  The  apparatus  used  was  based  upon  that  described  by  Nemst,  but 
the  arrangement  was  modified  so  as  to  secure  greater  percentage  accuracy. 
The  most  important  modification  consisted  in  the  use  of  larger  and  more 
similar  balanced  capacities  in  each  arm  of  the  bridge,  thus  gaining  better 
minima  of  sound  in  the  telephone,  and  a  larger  rai^  of  the  insulating 
glass  plate  of  the  variable  condenser.  The  larger  capacities  consisted 
oi  very  narrow  troughs,  each  possessing  two  nickd-plated  brass  plates 
about  0.6  mm.  apart,  firmly  cemented  upon  glass  plates  and  held  apart 
as  well  as  retained  in  position  by  strips  of  glass  around  the  edges,  the 
whole  presenting  a  deep,  very  thin  layer  of  dielectric  between  the  condenser 
plates,  which  possessed  considerable  electrical  capacity.    The  use  of  similar 

^  Nemst,  Z.  physik,  Chem,,  14,  622  (1894). 

'  B.  B.  Turner,  Ibid.,  35,  385  (1900).  More  fully  in  Dissertation,  Gdtttngen,  1900; 
Philip,  Z.  physik,  Chtm,,  34,  19  (1897);  B&deker,  Ibid.,  36,  305  (1901);  Cauwood  and 
W.  E.  S.  Turner,  /.  Chem.  Soc.,  107,  276  (i9i5)»  etc 
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troughs  oi  this  kind  on  each  side  of  the  bridge  greatly  promoted  precision 
of  the  end-point.  In  the  first  arrangement  (troughs  B  and  BO  the  ^ass 
strips  forming  the  edges  of  each  trough  intruded  somewhat  between  the 
brass  plates,  but  this  intrusion  was  undesirable  for  several  reasons,  caus- 
ing an  uncertainty  in  the  capacity,  doubt  as  to  the  attainment  of  exactly 
the  same  surface  on  successive  fillings,  and  several  minor  difBiculties. 
Accordingly,  the  first  troughs  thus  constituted  were  socm  rejected,  and 
most  of  the  work  was  done  with  two^pairs  of  troughs  (F  and  F',  G  and  G') 
in  which  the  opposing  surfaces  of  the  metal  plates  were  ^itirely  firee  from 
cement:  The  strips  of  glass  which  held  the  metal  plates  apart  were  several 
mSlimeters  from  their  edges,  and  were  cemented  only  to  the  glass  plates. 
Two  sizes  were  made,  the  area  of  the  plates  in  F  and  F'  being  each  7.5  X 
4.6  cm.,  and  the  area  of  the  plates  in  the  smaller  pair  of  trou^  (G  and  GO 
being  7.0  X  4.0  cm.  The  cement  used  was  a  commercial  cemen^  made 
entirely  of  inorganic  materials  and  intended  for  cementing  glass  and  por- 
odain.  After  having  been  cemented,  the  troughs  were  dried  for  10  days 
at  a  temperature  of  about  90^.  This  cement  was  perhaps  not  the  best  con- 
ceivable, but  it  was  entirely  insoluble  in  the  liquids  employed,  and  the 
electrical  capacities  of  the  troughs  thus  made  remained  essentially  the  same 
at  the  end  as  it  was  at  the  beginning  of  the  work,  thus  showing  that  the 
apparatus  had  served  its  purpose  satisfactorily. 

As  is  wdl  known,  the  use  of  a  suitable  interrupter  and  telephone  re- 
ceiver is  of  great  importance  ill  this  method.  Instead  of  using  the  ordinary 
conductivity-telephone  receiver,  we  tested  several  commercial  telephone 
receivers  intended  for  long  distance  wireless  telegraphy,  and  found  by  ex- 
perience one  which  worked  admirably  in  conjunction  with  ^  our  interrupter 
and  gave  results  of  great  precision,  being  sensitive  to  within  o.i  nun. 
on  the  condenser-graduation.  The  interrupter  was  of  the  type  used  by 
earlier  experimenters — a  fine,  platinum  wire  stretched  to  suitable  tension 
between  two  vertical  posts,  the  wire  being  wound  in  the  middle  for  a 
few  millimeters  with  fine,  iron  wire,  to  be  attracted  by  the  solenoid  nu^et. 
This  was  regulated  so  that  the  pitch  was  exceedingly  high,  almost  at  the 
upper  limit  of  audibility. 

In  each  case  the  two  similar  troughs,  one  to  contain  the  substance 
to  be  studied,  and  the  other  to  serve  as  a  balance  or  **tare-capadty,'' 
were  placed  in  a  carefully  insulated  constant  temperature  air  bath,  which 
consisted  of  a  moderately  roomy  rectangular  glass  vessel  within  a  second 
larger  glass  vessel,  also  rectangular,  supported  upon  the  bottom  of  the 
latter  by  two  glass  "horses."  The  space  between  the  two  rectangular 
vessels  was  usually  filled  with  water,  to  help  in  maintaining  constant  tem- 
perature. The  condenser-troughs  stood  vertically  edge  to  edge  on  the  bot- 
tom of  the  air-chamber  (the  inner  rectangular  vessel)  and  during  an  ex- 
periment did  not  in  any  respect  change  their  positions  relative  to  one  an- 
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Other  or  to  the  different  parts  of  the  apparatus.  In  order  to  rfiminate  as 
far  as  possible  the  effects  of  changing  humidity  upon  the  troughs,  they 
were  surrounded  by  a  dry  atmosphere.  This  was  obtained  by  pasang  a 
stream  of  dry  air  through  a  coil  of  tubing  in  the  bott<nn  of  the  outer  vessel 
and  down  inside  of  the  ixmer  one.  The  air  escaped  in  a  series  oi  holes  from 
a  horizontal  branch  lying  along  the  bottom  of  the  air  chamber,  and  by  pre- 
venting the  access  of  the  atmoqphere  of  the  laboratory  obviated  the  neces- 
sity of  an  elaborate  air-tight  covering  for  the  inner  box. 

In  a  few  cases  where  the  amount  of  material  was  very  small  the  old  styk 
of  trough  like  that  employed  by  Nemst  (designated  Z)  was  empUqred. 
Such  results  are,  therefore,  no  better  as  r^[ards  precision  than  the  w€ftk  of 
that  investigator,  but  within  their  limit  of  error  they  are  exactly  identical 
with  those  obtained  with  the  larger  capacity,  as  is  shown  by  the  results 
for  cxdcrfiexane.  Since  the  more  important  reading  is  that  of  the  variable 
condenser,  the  precision  of  the  work  is  proportional  to  the  range  of  this 
instrument,  assuming  equality  of  definiteness  of  sound  in  the  telephoiie. 
The  range  was  about  6-f(dd  greater  with  trough  G  and  7-fold  greater 
with  trough  P  than  in  the  case  of  the  Nemst  form  Z. 

The  thermostats  of  the  heating  system  oi  the  laboratory  kept  the  room 
temperature  constant  to  within  about  0.5^  on  each  side  of  the  average, 
20^.  This  was  quite  near  enough,  since  no  appreciable  change  in  the  ca- 
pacity of  the  system  was  observed  by  changing  the  temperature  by  one 
degree,^  except  in  the  case  of  cydohexanol;  which  will  receive  special  dis- 
cussion in  another  paper. 

The  whole  apparatus  was  rested  on  sheets  of  ebonite;  and  the  air  bath 
was  mounted  on  two  glass  rods  lying  on  ebonite,  and  was  arranged  sym- 
metrically with  regard  to  the  variable  condensers.  No  change  whatever 
was  made  in  the  rdation  of  the  parts  during  a  determination.  The  carrier 
containing  the  liquid  whose  dielectric  constant  was  being  determined  was 
tmdisturbed  even  while  being  filled;  it  was  charged  and  emptied  by  means 
of  a  small  pipet  and  dried  between  trials  by  a  current  of  dry  air.  In  this 
way  the  effect  of  changing  outdde  capacity  was  eliminated,  for  the  read- 
ings for  air,  benzene,  and  Uquid  whose  dielectric  constant  was  unknown 
were  made  successively  without  disturbing  any  part  of  the  system.  It 
was  found  that  this  procedure  was  absolutely  essential  in  order  to  obtain 
consistent  results;  strict  compliance  with  this  precaution  is  the  k^  to 
success. 

As  usual,  the  relative  capacities  of  the  several  parts  of  the  system  vaikd 
slightly  day  by  day,  for  no  obvious  reason.  The  variation  was  sometimes 
as  much  as  one  mm.  on  the  conde;nser  scale;  but  very  seldom  was  any 
important  variation  observed  during  the  time  required  tot  a  full  determina- 
tion. If  any  difference  between  the  initial  and  final  readins^  for  air  (al- 
^  See  abo  Cauwood  and  W.  E.  S.  Tttmer,  /.  Chem.  Soc.,  107, 278  (i^^s)* 
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wa3rs  taken  both  before  and  after  each  determination)  was  observed,  the 
determination  was  discarded.  Probably  the  variations  were  due  to  change 
in  the  outside  or  balancing  capacities  with  change  of  humid^,  or  to  chang- 
ing electrical  conditions.  The  dry  air  of  the  steam-heated  laboratory  is 
especially  favorable  to  woric  of  this  kind,  and  we  had  less  trouble  in  re^^ard 
to  accidental  changes  of  capacity  than  usual. 

The  water  sturotmding  the  air  bath  was  temporarily  rejdaced  by  oil 
without  caufflng  any  change  in  the  capacity  of  the  S3rstem.  Neither  were 
the  slight  daily  changes  in  outside  capacity  thereby  eliminated.  Owing 
to  greater  viscosity,  its  tendency  to  cBng  to  glass,  and  its  lower  specific 
heat,  oil  was  less  convenient  than  water. 

Usually  only  the  left  vari- 
aUe  condenser  of  the  Nemst 
apparatus  was  varied,  in 
order  to  restrict  as  much  as 
possible  any  change  in  the 
relative  positions  of  the  parts 
of  the  apparatus. 

The  connections,  which 
were  arranged  as  symmet- 
rically as  possible,  keeping 
the  wires  insulated  and  far 
apart,  are  indicated  by  the 
accompanying  diagram.  Here 
A  is  the  interrupter;  B  and 
B',  the  two  large  resistances 
composed  of  a  solution  of 
boric  add  and  mannite;  C 
and  C,  two  other  dmilar 
resistances  forming  the  other 
arms  of  the  bridge;  D  and 
D',  variable  condensers;  E 
and  E',  two  narrow  troughs 
serving,  one  as  container  for  the  liquid  to  be  studied,  and  the  other  as 
balancing  capacity  (which  were  in  the  constant  air  chamber) ;  and  T,  the 
telephone  receiver. 

The  variable  condenser  scale  D  was  calibrated  in  the  following  manner: 
A  strip  of  glass  (a  microscope  motmting  slide)  large  enough  when  intro- 
duced between  the  plates  of  the  condenser  to  cause  a  change  in  capacity 
equal  to  about  one  cm.  on  the  variable  condenser  scale  was  alternately 
slipped  in  and  out  of  the  trough  E,  each  time  in  precisely  the  same  posi- 
tion. By  moving  the  right  hand  variable  condenser,  this  constant  ca- 
pacity could  be  measured  on  any  part  of  the  left  hand  variable  condenser. 


Fig.  I. 
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whose  scale  was  thus  calibrated  along  its  entire  length.  A  curve,  plotted 
with  corrections  as  oidinates  and  the  scale  readings  as  abscissas,  3aelded 
the  corrections  applied  to  the  results. 

The  gravest  source  of  error  in  using  the  apparatus  was  found  to  result 
from  altering  the  relative  positions  of  the  electrodes  in  the  liquid  resistances 
of  the  Wheatstone  bridge  when  a  substance  possessing  considerable  con- 
ductivity was  introduced  into  the  containing  trough.  The  capacity  of 
these  liquid  resistances  between  the  electrodes  changed  considerably  when 
the  electrodes  approadied  eadi  other  very  dosely,  and  also  when  tibe  con- 
ductivity at  the  Uquids  in  these  tubes  was  increased.  The  latter  fact  was 
determined  by  adding  sodium  chloride  to  the  boric  acid-mannite  solution 
and  reading  the  change  in  capacity  on  the  variable  condenser  scak  as  the 
relative  position  of  the  electrodes  in  the  liquid  resi^ance  was  altered.^ 
The  phenomena  were  studied  quantitatively,  and  the  exact  range  over 
which  the  resistances  could  be  varied  without  appreciably  changing  the 
capacity  was  noted.  The  details  need  not  be  discussed  here;  it  is  enough 
to  say  that  no  determinations  involving  conditions  beyond  the  permissible 
range  were  accepted  as  valid. 

Each  of  the  resistances  C  and  C  (in  the  diagram)  possesses  two  tubes, 
a  wide  one  for  coarse  adjustment,  and  a  capillary  one  cotitaining  only  a 
fine  wire  for  adjustment,  or  for  very  great  resistances.  In  the  cases  of  most 
of  the  substances  studied  the  fine  wire  electrode  alone  was  used,  and  so 
low  was  the  conductivity  that  a  change  of  only  a  few  millimeters  was  needed 
to  balance  the  conductivity  of  the  liquid  in  the  trough.  This  produced 
only  a  very  small  change  in  the  capacity. 

The  standard  substances  used  for  comparison  in  this  research  were 
benzene  and  ether.  Toluene  also  served  as  a  standard  of  reference,  since 
its  dielectric  constant  is  accurately  known.  It  was  especially  used  in  test- 
ing the  efficiency  of  the  troughs,  being  convenient  on  account  of  its  lesser 
volatility.   The  results  were  calculated  by  means  of  the  following  equation  } 

where  D,  is  dielectric  constant  of  the  substance;  Si,  the  corrected  reading 
on  condenser  for  substance  in  trough;  S  the  corrected  reading  for  air  in 
trough;  and  Sj  the  corrected  reading  for  benzene  in  trough.  The  dielec- 
tric constant  of  benzene  at  20^  was  taken  as  2.286,  according  to  B.  B. 
Turner's  careful  investigation  already  quoted.'    When  ether  was  used  as 

^  For  another  fonn  of  liquid  resistance,  which  to  some  extent  obviates  this  diffi- 
ctthy,  see  Nemst,  Wied.  Ann.,  66, 611  (1897). 

*  Nenist,  Z.  physik.  Chem.,  X4»  622  (1894). 

*  B.  B.  Turner,  Loc  ciL  His  determination  was  at  18^;  to  this  was  applied  a 
correction  of  — 0.0007  per  degree.  See  Ratz,  Z.  physik.  Chem.,  19,  104  (1896);  also 
Cauwood  and  Turner,  Loc.  cit.  Nemst  found  a  lower  value,  2.255  at  17  *,  but  Turner's 
results  are  more  recent  and  appear  to  be  more  accurate. 
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a  standard,  instead  of  i^benzene  ^  2.286  must  be  substituted  Pether  = 
4-355>  dnd  5f  becomes  the  reading  for  ether. 

Source  and  Preparation  of  Materials. 

Benzene. — ^The  best  commercial  c.  p.  benzene  was  further  purified 
by  shaking  with  4  portions  of  cone,  stilfuric  add,  washing  several  times 
with  water,  shaking  with  mercury,  washing  yet  again,  and  distilling. 
After  two  crystallizations  the  product  was  dried  over  sodium.  Thorough 
drying  is  essential.  No  change  in  the  dielectric  constant  was  observed 
throughout  the  course  of  the  research  and  the  value  for  this  sample  was 
the  same  as  that  given  by  two  more  carefully  piuified  products  prepared 
for  another  purpose.^ 

Ether  of  good  quality  was  washed  several  times  with  water,  shaken 
with  mercury  until  the  surface  of  the  merciuy  was  no  longer  blackened, 
and  again  washed.  After  drying  over  sodium  it  was  distilled  and  kept 
tightly  stoppered,  over  soditun  in  the  dark.  At  the  end  of  the  research 
a  portion  of  this  sample  was  redistilled  and  its  dielectric  constant  deter- 
mined.   No  change  from  that  of  the  original  sample  could  be  observed. 

Toluene  (the  purest  obtainable  commercial  material)  was  shaken 
with  sulfuric  add,  washed,  shaken  with  cone,  sodium  hydroxide  solution, 
again  washed,  and  then  shaken  with  merciuy.  After  filtering,  the  toluene 
was  dried  over  sodium  and  distilled.  The  product  all  came  over  between 
I  lo.i-i  10.6**  (786  mm.  pressure)  and  no  difference  in  the  didectric  constant 
of  the  different  fractions  could  be  detected.  That  fraction  distilling 
between  1 10.4-1 10.5**  was  used  for  the  various  determinations  of  toluene. 

Hezane. — Normal  hexane  (synthesized  in  this  laboratory)  dried  over 
sodium,  was  distilled  at  a  temperatiu-e  of  69.2  **  (758  man.  pressiu-e)  the  en- 
tire product  distilling  within  0.3  **.  The  dielectric  constant  was  determined 
before  and  after  the  last  distillation. 

Heptane. — A  quantity  of  "heptane"  of  questionable  purity,  prepared 
by  a  well  known  German  firm  from  petroleum,  was  dried  over  soditun  and 
fractionated.  The  dielectric  constants  of  the  several  fractions  were  de- 
termined in  succession;  as  will  be  seen,  all  the  fractions  gave  essentially 
the  same  value.  The  average  boiling  points  of  the  samples  I,  II,  III  and 
IV  were,  respectivdy,  100**,  98®,  97.6®  and  96.5**.  Probably  the  result 
represents  an  average  value  for  several  heptanes. 

Octane. — A  quantity  of  2,2,3-trimethyl  pentane  prepared  by  Dr. 
Latham  Clarke  was  redistilled  from  sodium.  The  fraction  110.8-111.4° 
(765  mm.  presstu^)  was  used. 

Decane. — Commerdal  diisoamyl  was  dried  over  sodium  and  fraction- 
ated. Two  fractions,  boiling,  respectivdy,  between  159.5-159.7^  and 
160.1-160.3**  (761  mm.  pressure)  were  studied. 

^  Richards  and  Shipley,  Tms  Journal  36, 1826  (1914)* 
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Xylene. — ^A  sample  of  German  "xylol"  probably  a  tnixture  of  o-^ 
m-  and  p-xylene,  dried  over  sodium,  was  fractionated,  and  the  several 
fractions  were  determined.  These  fractions  boiled  over  the  following 
ranges:  Xylene  I,  137-137.7**;  Xylene  II,  137.7-138.8®;  Xylene  III, 
138.8-139.6**.  No  differences  in  their  dielectric  constants  were  found.  In 
addition  to  this  tmsatisf actory  material  a  sample  of  the  best  obtainable 
m-xylene  was  dried  over  anhydrous  copper  sulfate  and  distilled,  collecting 
the  fraction  between  138.8-139.2**  (741  mm.  pressing).  As  will  be  seen, 
it  gave  essentially  the  same  result. 

Besides  toluene  and  the  m-xylene  already  mentioned,  5  other  aromatic 
hydrocarbons  with  saturated  side-chains  were  obtained  in  a  high  state  of 
purity.  These  had  been  prepared  synthetically  at  Harvard  for  the  ex- 
press purpose  of  determining  their  physical  constants  and  were  the  same 
samples  as  were  used  in  the  work  on  compressibility^  and  heat  of  combus- 
tion.* They  were  as  follows rjEA^'Z  benzene  I  (Fittig  method),  b.  p. 
136.3-136.4°,  dl^  0.8678;  Eikyl  benzene  II  (Friedel-Crafts  method),  b.  p. 
136.4-136.5**  (767  mm.),  dj®  0.8697;  Normal  propyl  benzene,  b.  p.  157.9- 
158.2°  (765  nun.),  d?*  0.8617;  Isopropyl  benzene  (cumene),  b.  p.  152.6- 
152.8°  (759  mm.),  dj®  0.8620;  Mesitylene,  b.  p.  164.8-164.9°  (760  mm.), 
df*  0.8634;  Tertiary  butyl  benzene,  b.  p.  168.6-168.7°  (759  mm.)  dj®  0.8671. 

Cyclohexane. — Very  pure  cyclohexane  was  prepared  for  this  research, 
made  from  benzene  by  the  Sabatier-Sanderens  reduction,  and  afterwards 
purified  by  often  repeated  recrystallization:  (b.  p.  81.3-81.5°,  f.  p.  6.4°, 
dj®  0.7791). 

Cyclohexanone. — ^A  quantity  of  this  ketone  had  been  prepared  for 
the  work  on  compressibility.*  (B.  p.  155.6-155.7°,  768  mm.,  dj®  0.9466.) 
Ketones  are  better  conductors  than  the  hydrocarbons  and  their  dielectric 
constants  are  higher.  Few  ketones  could  be  determined  with  our  ap- 
paratus and  of  alcohols  none  but  those  of  large  molecular  weight  had 
conductivity  low  enough. 

Cyclohexanol,  prepared  at  the  same  time  as  the  cyclohexanone,  was 

purified  by  fractionally  crystallizing  it  in  the  absence  of  moist  air.    The 

freezing  point  of  the  best  sample  was  23.9°.    Several  samples  were  used, 

two  of  which  had  freezing  points  above  20°.    Hence  the  temperature 

chosen  for  meastnement  was  25  °  in  this  case.    The  heat  of  fusion  of  <ydo- 

hexanol  is  so  low  that  the  presence  of  a  very  little  water  makes  a  marked 

depression  in  the  freezing  point;  exposing  to  the  air  for  a  few  minutes 

freezing  point  several  tenths  of  a  degree.    Probably  moisture 

Bur  was  not  absolutely  excluded,  so  that  the  results  for  this  sub- 

tmot  be  considered  corresponding  exactly  to  a  perfectly  water- 

Je.    Fortunately  the  presence  of  a  little  water  in  this  case  ap- 

irds  and  Shipley,  This  Journal,  38,  989  (19 16). 
irds  and  Barry,  Ibid.,  37,  997  (191 5). 
irds  and  Shipley,  Loc.  cit. 
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peared  not  to  affect  appreciably  the  value  of  the  dielectric  constant,  pro- 
vided that  the  measurement  was  taken  several  degrees  above  the  freezing 
point  of  cydohexanol. 

The  Constancy  of  the  Apparatus. 
Ftom  time  to  time  during  the  research,  determinations  of  the  dielectric 
constant  of  ethyl  ether  and  of  toluene  were  made  as  a  chedc  on  the  con- 
stancy of  the  apparatus.  The  data  below  give  the  results  of  these  deter- 
minations, using  benzene  (2.286)  as  the  standard  of  reference.  Each  of 
the  numbers  given  in  the  following  tables  represents  a  separate  filling  and 
ad justment  of  the  apparatus  and  each  is  an  average  of  a  number  of  measure- 
ments, repeated  until  the  last  figure  was  reasonably  certain.^ 

Tabids  I. — Diblbctric  Constants  op  Ether  and  Toi^ubnb  at  20.0*. 
Readings  (Corrected). 

Didectrk  constant. 
4.366 

4.349 
4.345 
4.360 
4.353 
vcrage,  4.355 

2.348 
3.329 
2.336 
2.330 
2.330 
Toluene:  Average,     2.335 

Evidently  the  results  are  as  nearly  constant  as  could  be  expected.  They 
show  that  the  apparatus  is  consistent  and  to  be  depended  upon.  Below 
are  given  the  results  for  other  substances,  all  referred  to  tiie  dielectric 
constant  of  dry  air  »  i.ooo. 

Tabus  II.— Data  and  Rbsults. 
(All  at  20*  except  Cydohexanol.) 
Corrected  reading. 


S«ib«tanoe. 

Trougli. 

Air  (5). 

Ether  (5). 

Bensene(5>). 

Ether 

E 

0.92 

6.94 

3.22 

E  (cover) 

1.40 

7.39 

3.70 

F 

2.78 

10.22 

S.64 

G 

2.22 

735 

4.26 

F 

2.78 

10.21 

S.63 

Ether:  A 

Air. 

Toluene. 

Bensene, 

Tofaiene 

E  (cover) 

1. 10 

3.72 

3.60 

E 

0.33 

3.10 

3.01 

F 

2.30 

5.28 

S.17 

F 

2.30 

5.28 

S.18 

F 

2.30 

5.28 

S.18 

SnbetMice. 

T^ouch. 

s. 

Su 

5>. 

Dielectric 
constant. 

Hexane 

F 

2. 78 

4.76 

S.68 

1.878 

F 

2.7« 

4.76 

S.70 

1.872 

F 

2.78 

4.76 

5.68 

1.878 

Average,  i  .876 

ifeplanel 

F 

2.70 

4.87 

5. 57 

1.972 

Heptane  n 

F 

2.70 

4.87 

S.S7 

1.972 

H^tanelll 

F 

2.70 

4.87 

S.S7 

1.972 

HeptanalV 

F 

2.70 

4.88 

537 

1.977 

Average,  i  .973 
*  As  an  example,  at  random,  the  fdlowing  readings  were  taken  in  the  case  of  the 
second  experiment  with  ether:    With  air,  1.39,  1.40,  140,  140;  with  ether,  7.38,  7.39, 
740,  7.39;  with  benzene,  3.70,  3.69,  3.70.    The  averages,  to  the  nearest  figm^  in  the 
secood  decimal  place,  axe  given  above. 
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Tablq  II  (conUnutd). 

( 

txOfTcctcd  rcMunf 

Substance.                         Trough. 

s. 

Si. 

Su 

coostant. 

Octane 

F 

2.80 

4  97 

5.70 

1.962 

^T-Nonane 

F 

2.74 

4.^ 

5.64 

1.967 

4-Metii3rl  octane 

F 

2.80 

498 

5.70 

1.967 

4-Mcth7l  octane 

F 

3.74 

4  92 

5.64 

1.967 

3-Methyl  octane 

F 

2.74 

4.93 

5.64 

1.967 

2,6-Dimethyl  heptane 

F 

2.70 

4.37 

4.87 

1.989 

3,6-Dunethyl  heptane 

F 

2.70 

4.38 

4.87 

I  995 

3,6-Dimethyl  heptane 

F 

2.70 

4.35 

4.87 

1.978 

2,4-Diniethyl  heptane 

Z 

2.40 

3.69 

3.82 

1.89 

2,4-Diniethyl  heptane 

z 

2.40 

3.69 

2.82 

1.89 

2,5-Dunethyl  heptane 

z 

2.40 

3.69 

2.82 

1.89 

Decanel 

F 

2.30 

4  44 

5.18 

1.955 

Decanell 

F 

2.30 

4-44 

5.18 

1.955 

Decanell 

F 

2.30 

4  44 

5.18 

1.955 

Decanell 

F 

2.30 

4.45 

5.18 

Average, 

1.960 
,  I .956 

Xylene  I 

F 

2.70 

5.77 

5-57 

2.375 

Xylene  II 

F 

2.70 

5.77 

5. 57 

2.375 

Xylene  III 

F 

2.70 

5.77 

5. 57 

Average 

2.375 
►  2.375 

Xylene 

F 

2.30 

5.40 

S.»7 

2.389 

F 

2.30 

5.38 

S.I8 

2.375 

F 

2.30 

5.38 

5.18 

2.375 

F 

2.30 

5.37 

5.18 

Average 

2.371 
►  2.378 

Ethyl  benzene  I 

G 

2.62 

5.18 

4.84 

2.483 

Ethyl  benzene  II 

G 

2.62 

5.19 

4.85 

2.482 

Ethyl  benzene  III 

G 

2.62 

5.18 

4.84 

Avenge 

2.482 
►  2.482 

iV-Propyl  benzene 

G 

2.53 

4.88 

4.74 

2.367 

G 

2.53 

4.89 

4.76 

2*.  361 

- 

Average,  2.364 

Cumene 

G 

2.21 

4.43 

4.26 

2.393 

(isopropyl  benzene) 

G 

2.52 

4  95 

4.74 

Average 

2.408 

f  2.400 

Mfesitylene 

G 

2.53 

4.86 

4.74 

2.356 

Tert.  butyl  benzene 

G 

2.30 

5.40 

5.18 

2.384 

G 

2.30 

5.39 

5.18 

2.380 

G 

2.30 

5.41 

5. 18 

2.388 

Average^  2.384 

Cyclohexane 

E 

0.95 

2.90 

3.32 

2.058 

E 

0.95 

2.89 

3.32 

2.053 

Z 

2.40 

2.75 

2.82 

Average, 

12.07I 

,2.055 
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Tabt.i» 

rough. 

II  (coHtiMUid). 

Corrected  reading. 

nytla^trk- 

SubsUnce.                        Ti 

S.                   Su 

Si. 

constant. 

C3rdohezancme 

z 

3.36              9.21 

4.42 

18.2 

z 

3.28              9.85 

\i 

4.57 

18. 1 

z 

3.24              7.82 

S 

4.13 

18.3 

z 

3.24              7.81 

4.13 

18.2 

Average,  18.2 

Cydohexanol  at  25* 

z 

2.70              6.99 

^ 

3.09 

15.2 

z 

2.70              7.00 

i 

3.10 

14.8 

z 

2.70              7.00 

8 

3.09 

15.3 

z 

2.70              7.00 

« 

3.10 

14. s 

Average,  15*0 

Tabids  III.— Comparison 

01 

^  RBsxn^Ts  witH  Thoss  of  Formbr  E 

Earlier  results  at  various  temperatures. 

Present  re'-; 

mltB  at  20^ 

Dielectric 

constant. 

SobeUnce. 

Temp. 
Degrees. 

Obscxver. 

Dielectric 
constant. 

Benzene 

20.0 

B.  B.  Turner* 

2.286 

Standard- 

Ether 

18.0 

B.  B.  Turner* 

4.368 

4.355 

i\r-Hexane 

17.0 

Nemsf 

1.88 

1.876 

i\r-Hezane 

12.4 

Landdt  &  Jahn^ 

1.86 

1.9^6 

Hei>tane  (average) 

.... 

I.77J 

i\r-Octane 

17.0 

Nemst* 

1.95 

1.96^ 

2,2^-Trimethyl  pentane 

1.962' 

i\r-Nonane 

.... 

1.967 

4-Metli7l  octane 

1.967 

2-Methyl  octane 

.... 

1.967 

2,6-Diiiiethyl  heptane 

.... 

. .  . 

1.987 

2,4-Diniethyl  hei>taae 

. .  . 

1.89 

2,5-Diniethyl  heptane 

1.89 

Decane 

13.8 

Landolt  &  Jahn** 

1.966 

1.956 

T<^tiene 

19.0 

Drude* 

2.31 

2.335 

Tchxtnt 

14.4 

L.  &  J.^ 

2.375 

If-Xylene 

18.0 

B.  B.  Turner* 

2.376 

2.377 

Xylene  (mixture  of  isomers) 

2.375 

Ethyl  benzene 

17.0 

Nemst* 

2.42 

2.482 

Bthyl  benzene 

14.6 

L.  &  J.** 

2.42 



Prolyl  benzene 

13.8 

L.  &  J.^ 

2.35 

2.364 

Cumene  (isopropyl  benzene) 

17.0 

Nemst 

2.37 

2.400 

18.0 

Drude* 

2^2 

Mesitylene 

14.2 

L.  &  J* 

2.30 

2.356 

l*crtiary  butyl  benzene 

2.384 

Cydohezane 

25.0 

1  Catiwoodand 
\    W.S.E.  Turner 

}' 

2.07 

2.055 

Cydohexanone 

.  .  . 

18.2 

Cydohexanol 

15.0(25**) 

'  In  each  case  the  last  figure  is  more  or  less  uncertain — often  not  over  one  unit. 

*  B.  B.  Turner,  Z.  physik.  Chem,,  35,  385  (1900). 

^  Nemst,  Ibid.,  I4|  622  (1894);  Wied.  Ann.,  60,  600  (1897). 
'  Landolt  &  Jahn,  Z.  physik.  Chem.,  10,  289  (1892). 

*  Drude,  IM.,  23,  267  (1897);  '^^^'  ^'  P^y^-»  M  ^  336  (1902)  (improvemeat 
of  method). 

^  Cauwood  &  W.  S.  E.  Turner,  J.  Chm.  Soc,,  107,  276  (1915). 
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Evidently  our  results  for  sttbstatices  already  investigated  by  others 
agree  essentially  in  most  cases  with  the  earlier  results,  esp^dally  with  those 
of  B.  B.  Turner,  whose  investigation  was  a  model  of  care  and  accuracy. 
This  leads  us  to  hope  that  the  other  determinations,  which  give  for  the 
first  time  the  dielectric  constants  of  a  number  of  typical  carbon  compounds, 
are  also  trustworthy. 

The  data  are  not  plentiful  enough  to  form  the  basis  of  far-reaching  con- 
clusions concerning  the  effect  oi  structure  on  dielectric  constant,  but  never- 
theless at  least  one  outcome  is  unmistakable,  namely,  the  fact  that  both 
in  the  aliphatic  and  the  aromatic  series  the  substitution  of  the  methyl 
group  for  hydrogen  has  usually  but  slight  tendency  to  change  the  di- 
electric constant.  \^^th  the  higher  members,  this  ^ect  is  less  than  that 
which  is  produced  by  variation  in  structure.  Thus  the  values  for  hezane, 
heptane,  octane,  the  average  of  the  nonanes,  and  decane  are,  respectivdy, 
1.88,  1.97,  1.96,  1.94,  1.96,  whereas  the  range  among  the  nonanes  alone 
is  from  1.89  to  1.99.  Some  of  the  nonanes  with  side-chains  have  a  higher, 
some  a  lower,  dielectric  constant  than  normal  nonane.  The  aromatic 
hydrocarbons,  as  is  well  known,  all  possess  higher  dielectric  constants 
than  the  aliphatic  hydrocarbons.  Benzene,  toluene,  fn^to-xylene,  and 
mesitylene  give,  respectively,  2.29,  2.33,  2.38,  2.36.  Aromatic  hydro- 
carbons with  more  complicated  side-chains  (n-propyl-,  isopropyl-,  and 
tertiaiy-butyl  benzene)  give  about  the  same  values  (respectively,  3.36, 
2.40  and  2.38)  with  the  incomprehensible  exception  oC  ethyl  bensene, 
which  gives  the  highest  of  all  those  studied  (2.48).  The  effect  of  the  ben- 
zene ring  is  evidently  to  increase  the  dielectric  constant  by  about  0.4, 
or  20%  of  its  value  for  the  paraffins. 

We  are  indebted  to  the  Carnegie  Institution  of  Washington  for  financial 
assistance  in  the  prosecution  <d  this  work. 

Summary. 

1.  A  modified  form  of  the  Nernst  apparatus  is  described.  Percentage 
error  was  much  decreased  by  the  use  of  larger,  suitably  bcdanced  condenser- 
troughs. 

2.  The  dielectric  constants  of  21  organic  liquids  have  been  determined, 
some  of  them  for  the  first  time.  The  values  for  aromatic  hydrocarbons 
average  about  20%  higher  than  for  aliphatic  hydrocarbons. 

Cambsxdos,  Mam. 
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HYDROGEN     OVBRVOLTAGE.     H.      APPLICATIONS     OF     ITS 

VARIATION    WITH    PRESSDUE   TO    REDUCTION, 

METAL  SOLUTION  AND  DEPOSITION. 

By  D.  a.  MacInnss  and  A.  W.  Contieri. 

Received  October  7»  1919. 

z.  The  Variation  of  Hydrogen  Overvoltage  with  Pressure. 
In  a  previous  article^  it  was  shown  that,  for  low  current  densities, 
hydrogen  overvoltage,  E,  is  related  to  the  r^us  r ,  of  the  bubbles  formed 
on  an  electrode,  the  pressure  ^,  and  the  surface  tension   7,  by  the  ex- 
pression 

=  3^ 
fr 

For  platinized  platinum  electrodes,  at  one  atm.  pressure,  the  agreement 
of  observed  overvoltages,  and  those  calculated  from  determinations  of 
r,  was  fotmd  to  be  quantitative.  Also,  it  will  be  recalled,  the  variation 
of  the  overvoltage  with  pressure,  for  mercury,  lead  and  nickel  electrodes, 
was  shown  to  be  in  the  direction  predicted  by  Equation  i.  The  nearly 
quantitative  nature  of  this  agreement  was,  however,  not  pointed  out. 
If  Equation  i  is  valid,  a  plot  of  the  varia- 
tion of  the  overvoltage  with  the  pressure 
should  be  a  hyperbola,  provided  that  the 
bubble  radius  r  is  a  constant.  In  Fig.  i, 
where  overvoltages  are  plotted  as  ordinates 
and  pressures  as  abcissas,  the  continuous 
line  represents  the  measurements  of  Good- 
win and  Wilson  on  a  nickel  electrode,  and 
the  dotted  line  shows  the  calculated  values, 
the  overvoltage  at  one  atm.  having  been 
used  in  obtaining  the  values  at  the  lower 
pressures.  Although  these  curves  have 
nearly  the  same  form,  the  overvoltage 
changes  with  pressure  somewhat  more  slowly 
than  is  predicted  by  the  theory.  This  small 
difference  maybe  due  to  a  slight  increase  in  the  size  of  the  bubbles  as  the  pres- 
sure decreases  or,  more  probably,  to  an  increased  stirring  effect,  due  to  thie 
larger  number  of  bubbles  formed  at  the  lower  pressures  from  a  given  weight 
of  gas.  It  is  interesting  to  observe  that  this  theory  of  overvoltage,  which 
was  based  mainly  on  observations,  at  atmospheric  pressure,  on  platinized 
platinum  electrodes,  can  be  used  to  explain  phenomena  obtained  with  elec- 
trodes having  much  higher  overvoltages,  and  at  widely  varying  pressures. 
*  This  Journal,  41,  194  (1919). 
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2.  Applications  of  the  Variation  of  Hydrogen  Overvoitage  witti  Pres- 
sure. 

The  variation  of  overvoltage  with  pressure  being  established,  theoret- 
ically and  experimentally,  it  becomes  important  to  study  the  efiFect  of 
pressure  on  chemical  processes  involving  the  evolution  of  hydrogen  in 
order  to  observe  whether,  in  each  case,  changes  in  these  processes  can  be 
predicted  from  the  variation  of  the  overvolti^.  Three  such  chemical 
processes  are:  (a)  the  solution  of  metals  in  electroljrtes,  (b)  reduction,  in 
add  solutions,  by  metals,  and  (c)  the  electro-deposition  of  metals. 

(a)  The  Role  of  Hydrogen  Overvoltage  in  the  Solution  of  Metals. 
The  Variation  of  the  Rate  of  Solution  with  Pressure. — ^When  a  piece  of 
a  metal  is  placed  in  a  solution  of  an  electrolyte  there  is  a  tendency  for  the 
metal  to  form  ions,  i.  e,,  to  split  into  ions  and  electrons.  With  metallic 
iron,  for  instance,  the  following  reaction  tends  to  take  place: 

Fe  =  Fe++  +  2€  (2) 

However,  no  chemical  action  will  follow  unless  another  reaction,  involving 
the  absorption  of  the  electrons,  can  also  occur.  In  the  absence  of  oxidiz- 
ing agents  the  only  possible  reaction  is 

2H+  +  2€  =  H2  .       (3) 

and  this  will  take  place  only  when  the  potential  between  the  metal  and 
the  electrolyte  is  greater  than  the  lowest  potential  at  which  Reaction  3 
can  proceed  in  the  system.  Any  factor  which  tends  to  decrease  the  ve- 
locity (rf  Reaction  3,  i.  e,,  which  increases  the  overvoltage,  will,  of  course, 
decrease  the  rate  of  solution  of  the  metal. 

Watts  and  Whipple^  have  found  that,  contrary  to  statements  in  the 
chemical  literattu^,  a  decrease  of  the  gaseous  pressure  will  produce  a 
reduction  of  the  rate  of  solution  of  metals  in  acids.  These  workers, 
however,  attribute  the  decreased  corrosion  in  the  atid  solutions  which 
were  under  reduced  pressure,  to  the  absence  of  oxygen.  As  it  seemed 
probable  to  us  that  this  effect  is,  largely  at  least,  due  to  an  increase  of 
the  overvoltage  with  decreased  pressure,  we  repeated  the  experiments  on 
zinc,  cadmium  and  iron,  taking  care  to  exclude  oxygen  from  all  the  solutions. 
In  these  experiments  two  test  pieces  of  each  metal  were  cut  so  as  to  ex- 
pose very  nearly  the  same  area,  and  weighed.  The  pieces  were  then  placed 
in  separate  test-tubes  containing  the  same  volume  of  add  from  which  the 
air  had  been  removed  by  boiling  under  reduced  pressure.  One  of  these 
tubes  was  then  connected  to  a  vacuiun  pump,  and  a  stream  of  hydrogen 
at  atmospheric  pressure  was  passed  through  the  other  tube.  After  the 
reaction  had  proceeded  for  some  hours  the  test  pieces  were  removed, 
dried,  and  again  weighed.  A  few  typical  results  of  such  e:q)eriments  are 
given  in  Table  I. 

*  Trans.  Am.  Electrochem.  Soc,  32,  257  (1917). 
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Tabls  I. 

The  Solution  of  Metals  in  Nonnal  Sulfuric  Add. 

Lost  in  wt.  per  aq.  cm.  area.    Mg. 
Time.  ■ 

Metal.  Hours.  At.  atm.  pressure.  At  8  cms.  Hg. 

Zn 6  15.4  9.90 

Fc 4  1 1. 01  6.52 

Cd 7  0.42  0.43 

Since,  at  the  lower  presstires,  a  given  mass  of  gas  occupies  a  larger  volume 
than  at  atmospheric  pressure,  the  agitation  of  the  solutions  was  greater 
when  tmder  partial  vacuum,  but,  at  least  in  the  cases  of  zinc  and  iron, 
the  rate  of  solution  was  much  decreased.  Cadmium  was,  however,  but 
slowly  acted  upon  by  the  add  and  no  bubbles  were  observed  to  leave  its 
surface,  the  liberated  hydrogen  evidently  dissolving  and  diffusing  away. 
Under  these  conditions  no  change  of  the  overvoltage  with  pressing  is  to 
be  expected,  as  no  (liquid-gas)  surface  energy  is  involved.  On  comparing 
our  results  with  those  of  Watts  and  Whipple  it  seems  probable  that,  al* 
though  the  effect  described  is  responsible  for  the  greater  portion  of  the 
change  of  the  rate  of  solution  with  pressure,  oxygen  also  aided  in  the  solu- 
tion of  the  metals  in  the  experiments  they  carried  out  at  atmospheric  pres- 
sure. 

If  a  piece  of  platinum  is  attached  to  a  sample  of  cadmium  the  latter 
will  enter  solution  rapidly  enough  to  cause  an  evolution  of  gaseous  hydro- 
gen. In  this  case  we  found  that  the  rate  of  solution  of  the  metal  was  de- 
creased from  4  mg.  to  1.4  mg.  per  sq.  cm.  in  23  hours  by  decreasing  the 
pressure  from  atmospheric  to  11  cm.  Hg.  The  test  pieces  were  prepared 
by  soldering  a  given  length  of  platinum  wire  to  each  sample  of  cadmium. 
The  soldered  joint  was  covered  with  parafiSn  while  in  the  add. 

Copper,  although  normally  bdow  hydrogen  in  the  dectromotive  series, 
will  dissolve  with  an  evolution  of  hydrogen  when  placed  in  a  strong  po- 
tassium cyanide  solution.  As  is  well  known,  this  is  due  to  a  very  low  cop- 
per ion  concentration  in  the  solution,  caused  by  the  formation  of  com- 
plex ions.  In  this  case  also  the  rate  of  solution  was  greatly  decreased  by 
lowerii^  the  pressure.  At  atmospheric  pressure  1.7  mg.  per  sq.  cm. 
dissolved  in  5  hours.  This  was  decreased  to  i.o  mg.  per  sq.  cm.  in  the 
same  time  by  reducing  the  presstu-e  to  1 1  cm.  of  Hg. 

It  also  follows  from  the  theory  that  an  increase  of  pressure  above  that 
of  the  atmosphere  will  result  in  a  decrease  in  overvoltage.  The  rate 
of  solution  of  a  metal,  when  the  reaction  is  accompanied  by  a  liberation  of 
hydrogen,  should  thus  be  increased  by  an  increase  of  pressure.  To  test 
this  point  two  nearly  identical  samples  of  sheet  iron  were  placed  into  tubes, 
A  and  B,  containing  the  same  volume  of  0.5  N  hydrochloric  add.  The 
air  was  pumped  out  of  Tube  A  and  the  reaction  was  allowed  to  proceed 
at  ordinary  pressure  in  an  atmosphere  of  hydrogen.    In  Tube  B  was 
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placed  a  simple  pressure  indicator  consisting  of  a  capillary  tube  dosed  at 
one  end  and  witli  a  drop  of  mercury  initially  near  the  other  end.  After 
replacing  the  air  in  Tube  B  with  hydrogen  it  was  sealed  up,  and  the  gas 
generated  by  the  progress  of  the  reaction  caused  a  rise  of  pressure  to  nearly 
lo  atmospheres.  After  i6  hoiu^,  the  losses  in  weight  of  the  pieces  of  iron 
in  Tubes  A  and  B,  were  respectively,  18.1  and  34.2  mg.  persq.  cm.,  the 
latter  figure  being,  of  course,  the  result  of  pressures  varying  from  i  to 
10  atm.  It  was  interesting  to  note  that,  throughout  the  experiment, 
there  was  no  apparent  change  in  the  rate  of  the  reaction  as  judged  by  the 
rate  of  evolution  of  hydrogen  bubbles,  although  when  the  pressure  in  the 
Tube  B  reached  its  maximum,  a  bubble  of  a  given  size  in  the  latter  Tube 
represented  10  times  the  mass  of  hydrogen  that  it  did  in  the  Tube  A.  As 
nearly  as  could  be  estimated,  the  bubbles  were  of  the  same  size  in  both 
tubes. 

(6)  The  Variation,  with  the  Pressure,  of  the  Efficiency  of  Redtictioiis 
by  Metals. — When  the  reduction  of  a  compound  is  carried  out  in  aqueous 
solution  with  the  aid  of  a  metal  above  hydrogen  in  the  electromotive  series, 
the  efficiency  of  the  reduction  is  usually  decreased  because  of  the  evolution 
of  hydrogen.  For  example,  when  a  piece  of  iron  is  placed  into  a  slightly 
acidified  solution  of  ferric  chloride  the  metal  dissolves  according  to  the 
reaction 

Fe  =  Fe++  +  2€.  (2) 

The  two  reactions  that  compete  for  the  liberated  electrons  are 

Fe+++  +  €  -  Fc++  (3) 

and 

2H+  +  2€  =  H,.  (i) 

Here  we  can  predict  that  a  decrease  of  presstne  will,  by  increasing  the  over- 
voltage,  reduce  the  velocity  of  Reaction  i,  with  the  result  that  the  effici- 
ency of  the  reduction  represented  by  Reaction  3  will  be  increased.  Several 
series  of  experiments  were  carried  out  in  which  pieces  of  iron,  of  constant 
area,  were  placed  in  contact  with  acidified  ferric  chloride  solutions  at  a 
series  of  pressures.    The  results  of  one  series  are  given  in  Table  II. 

Tablb  it. 

Pressure.  Bqoivwlents  of  VcCb 

(Cm  Hg.)  reduced  in  90  minutes. 

S.o  0.415 

8.5  0.400 

17.0  0.363 

20.2  0.259 

22.0  0.280 

25.6  0.240 

32.0  0.220 

36.8  0.095 

76.0  0.078 
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The  solution  contained  0.625  mole  per  liter  of  ferric  chloride  and  0.17 
mole  per  liter  of  hydrogen  chloride,  20  cc.  being  used  in  each  experi- 
ment. The  pieces  of  iron  exposed  3.08  sq.  cm.  area  to  the  solution.  The 
amount  of  ferric  iron  remaining  after  each  reduction  was  determined 
with  the  help  of  a  colorimeter.  The  figures  on  Table  II  are  also  plotted 
in  Fig.  2  in  which  ordinates  repre- 
sent ferric  iron  reduced  and  abscissas 
pressures  in  cms.  Hg.  Although  the 
points  are  scattered  the  drift  is 
dearly  very  similar  to  that  of  the 
overvoltage-pressure  curve  given  in 
Section  i.  The  continuous  line  in 
the  figure  is  a  hyperbola.  A  num- 
ber of  attempts  were  made  to  secure 
data  that  would  yield  smoother 
curves,  but  without  success,  the 
difficulty  being,  in  all  probability, 
the  variability  of  the  surface  of  the 
iron.  As  suggested,  the  rapidity 
and  efficiency  of  the  reduction 
appears  to  be  closely  related  to  the  overvoltage  of  the  iron.  Very  similar 
results  to  the  above  were  obtained  with  zinc  as  the  reducing  metal. 

It  appears  probable  that  the  speed  and  efficiency  of  a  large  dass  of 
reductions  can  be  increased  by  canying  out  the  reactions  tmder  dimin- 
ished pressure.  Further  work  on  this  subject  will  be  carried  out  in  this 
labcM'atory. 

(c)  The  Effect  of  Variation  of  Hydrogen  Overvoltage  on  the  Efficiency 
of  the  Electrolytic  Deposition  of  Metals. — If  hydrogen  were  evolved  at  a 
cathode  at  its  reversible  potential,  tmder  all  conditions,  no  metal  higher 
than  hydrogen  in  the  dectromotive  series  could  be  deposited  dectrolyti- 
cally  from  aqueous  solutions.  The  fact  that  metals  as  high  in  the  series 
as  zinc  can  be  obtained  in  this  way  is  due,  of  course,  to  the  fact  that  the 
overvoltages  of  the  metals  are  of  the  same  order  of  magnitude  as  the  po- 
tentials between  the  metals  and  the  dectrolytes  from  which  they  are 
deposited.  In  all  such  depositions,  however,  the  current  effidendes 
are  decreased  because  of  the  evolution  of  hydrogen.  It  is  to  be  expected, 
therefore,  that  any  factor  which  tends  to  increase  hydrogen  overvoltage 
will  increase  the  effidency  of  the  deposition  of  a  metal  above  hydrogen 
in  the  dectromotive  series. 

To  determine  whether  the  effect  of  reduction  of  pressiure  is  in  the  direc- 
tion predicted,  a  study  was  made  of  the  deposition  of  zinc  from  (V«  molar) 
zinc  sulfate  solution.  Two  cdls,  each  containing  an  anode  and  cathode  of 
zinc,  were  placed  in  series  in  a  circuit  containing  a  copper  coulometer. 
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One  of  the  cells  was  arranged  so  that  the  electrolysis  could  be  carried  out 
tmder  reduced  pressure.  The  two  cathodes,  which  were  made  as  nearly 
alike  as  possible,  were  weighed  before  and  after  each  electrolysis.  The 
current  density  was  kept  at  3  milliamperes  per  sq.  cm.  Table  III  gives 
the  efficiencies  at  a  series  of  pressures. 

Tablb  ni. 
The  Effect  of  Pressure  on  the  Efficiency  of  the  Deposition  of  Zinc. 

Pressure,  cm.  Hg 76        13  11  7  6 

Efficiency,  % 75        81.0        92 .4        94 .5        97 .5 

The  efficiency  at  atmospheric  pressure  is  the  mean  of  4  values  differing 
by  several  per  cent.  As  in  the  case  of  reductions  at  the  surfaces  of  metals* 
it  is  difficult  to  obtain  reproducible  results.  The  increase  of  efficiency 
with  a  decrease  of  pressiu-e  is,  however,  unmistakable.  A  similar,  although 
smaller,  effect  with  decrease  of  pressure,  was  found  in  the  deposition  of 
iron. 

It  should  be  emphasized  here  that  the  effects  described  in  this  paper 
arc  obtainable  only  for  comparatively  slow  reactions  and  for  low  current 
densities.  A  violent  evolution  of  hydrogen  gas  apparently  breaks  down 
the  layer  of  supersatturated  hydrogen  solution  which  is  responsible  for  the 
overvoltage. 

3.  Further  Discussion  of  Overvoltage  Fluctuations. 
A  topic  that  deserves  more  consideration  than  was  accorded  it  in  the 
previous  communication  is  the  somewhat  puzzling  observation  that  the 
formation  of  a  single  minute  bubble  can  determine  the  potential  at  an  elec- 
trode with  an  area  several  thousand  times  the  surface  covered  by  the 

bubble,   as  was   the  case   in   the 
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as  was  tne  case  m 
experiments  described.  Kg.  3  rep- 
resents a  typical  fluctuation  of  the 
overvoltage  with  time.  As  ex- 
plained in  the  former  article,  at 
point  6  a  bubble  has  separated, 
leaving  a  nucleus  attached  to  the 
electrode,  which  is  siurounded  by  a 
solution  of  hydrogen  in  equilibritmi 
with  bubbles  the  size  of  the  <Mie 
which  has  just  separated.  At  a\ 
however,  a  concentration  is  readied 
at  which  the  nucleus  can  grow. 
This  drop  is 


Seconds 

Fig.  3. 

after  which  a  very  rapid  drop  in  the  potential  is  observed 
due,  in  all  probability,  to  an  ionization  of  a  portion  of  the  dissolved  hy- 
drogen (according  to  the  reaction  Hs  =  2H  -f-  2€)  and  the  reappearance 
of  an  equivalent  amount  of  hydrogen  in  the  bubble.  It  will  be  recalled 
that  as  the  bubble  grows  the  equilibrium  concentration  of  dissolved  hy- 
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drogen  decreases,  since  the  "solubility"  of  small  bubbles  is  greater  than 
that  of  larger  ones.  The  electrolyte  immediately  surrounding  the  growing 
bubble  is,  therefore,  less  concentrated  than  at  points  on  the  surface  of  the 
electrode  removed  from  the  bubble.  These  differences  of  concentration 
produce  short-circuited  concentration  cells,  the  operation  of  which  results 
in  the  formation  of  hydrogen  ion  from  dissolved  molecular  hydrogen  at 
points  where  the  latter  is  more  concentrated,  and  the  reverse  reaction  at 
the  bubble  or  in  the  adjacent  electrolyte. 

4.  Summary. 

The  increase  of  hydrogen  overvoltage  with  diminished  pressttfe  is  shown 
to  follow,  in  a  nearly  quantitative  manner,  from  the  theory  advanced  by 
Maclnnes  and  Adler. 

A  study  has  been  made  of  the  effect  of  change  of  gaseous  pressure  on 
several  chemical  processes  involving  the  evolution  of  hydrogen.  The 
changes  in  rates  of  reaction  and  in  reaction  efficiencies  were  f  otmd  in  each 
case  to  be  in  the  directions  which  follow  from  the  change  of  hydrogen  over- 
voltage  with  pressure,  t.  e,,  a  decrease  of  gaseous  pressure  produces  (a) 
a  decrease  of  the  rate  of  solution  of  metals  in  electrolytes,  (6)  an  increase 
in  the  efficiency  of  reductions  by  metals,  and  {c)  an  increased  efficiency  of 
metal  deposition. 

The  theory  explaining  the  fluctuation  of  overvoltage  accompanying  the 
evolution  of  a  single  bubble  from  a  platinum  electrode  is  more  fully  dis- 
cussed. 

CambkidoB,  Mass. 
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THE  EFPECT  OF  PRESSUSE,  AND  OF  DISSOLVED  AIR  AND 
WATER  ON  THE  MELTING  POINT  OF  BENZENE. 

By  TH90D0RB  W.  Richards,  Emmbtt  K.  Carver  and  Wai<tsr  C.  Schumb. 

ReceiTed  October  16,  1919. 

The  need  of  a  large  ntunber  of  accurately  determined  fixed  points  for 
standardizing  thermometers  is  too  well  tmderstood  to  need  comment. 
The  transition  temperatures  of  the  hydrated  salts  seem  to  be^the  points 
best  suited  for  this  purpose,  although  the  freezing  points  of  pure  liquids 
are  also  convenient.  To  give  a  useful  fixed  point  the  liquid  adopted  must 
not  only  be  one  that  may  be  easily  and  surely  purified,  but  it  must  also 
have  a  high  latent  heat  of  fusion.  This  last  is  important  for  two  reasons : 
because  such  a  substance  sooner  compensates  for  loss  of  heat  through 
the  walls  of  the  container  or  gain  from  stirring,  and  because  the  effect  of 
impurities  on  the  freezing  point  is  inversely  proportional  to  the  latent  heat 
of  fusion. 
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Although  benzene  is  less  satisfactory  in  these  respects  than  water,  never- 
theless it  is  by  no  means  to  be  rejected  as  a  means  of  fixing  a  thermometric 
point. 

With  this  in  mind,  one  of  us,  with  the  assistance  of  J.  W.  Shipley,^ 
recently  determined  with  care  the  freezing  points  of  two  carefully  prepared 
samples  of  pture  benzene  (from  coal  tar  and  from  benzoic  add)  and  found  the 
same  very  constant  point  for  each,  namely,  5 .483  **  =*=  0.002  **.  The  measure- 
ments were  made  in  the  Beckmann  apparatus  with  carefully  calibrated 
thermometers. 

The  point  thus  deteraoined  is  evidently  of  sufficient  constancy  to  serve 
the  ptupose  in  mind;  nevertheless  it  is  not,  of  course,  the  true  triple  point 
of  benzene.  The  determination  was  made  under  atmospheric  pressure; 
moreover,  as  J.  Meyer*  has  rightly  pointed  out,  the  liquid  contained  dis- 
solved air.  For  the  object  sought,  these  circumstances  make  no  differ- 
ence, if  only  the  pressiu-e  and  satiuration  of  dissolved  air  are  constant. 
The  essential  featiu-e  is  convenient  and  exact  reproducibility  of  the  point. 
Meyer's  objection  that  the  concentration  of  the  dissolved  air  varies  is 
(as  will  be  shown)  not  well  taken,  since  dtuing  the  production  of  the  amount 
of  solid  required  for  a  satisfactory  observation,  enough  air  is  displaced 
from  the  crystals  to  saturate  fully  the  remaining  liquid.  Hydrogen  from 
the  decomposition  of  water  by  the  soditun  used  in  dr3ring  could  not  have 
been  present,  since  it  must  have  escaped  during  the  distillation. 

In  order  to  place  the  matter  in  a  more  satisfactory  situation,  the  effect 
of  the  dissolved  air  has  been  studied,  as  herewith  detailed.  The  procedure 
adopted  was  first  to  determine  the  freezing  point  of  benzene  under  its 
own  vapor  pressure,  and  then,  to  admit  dry  air  at  atmospheric  pressure 
and  take  the  temperature  when  the  benzene  became  saturated. 

To  protect  the  thermometer  from  the  change  in  pressure  when  air  was 
admitted,  it  was  immersed  in  mercury  in  the  inner  open  tube  of  a  double- 
walled  test-tube,  whereas  the  benzene  was  placed  in  the  outer  compartment, 
between  the  walls.  Just  above  the  mercury  in  the  inner  tube  was  a  layer 
of  carbon  tetrachloride  which  served  to  protect  the  mercury  from  loss  of 
heat,  and  the  whole  apparatus  was  protected  from  too  rapid  heat-exchange 
by  means  of  an  air  jacket.  An  iron  stirrer  plated  with  silver,  in  the  ben- 
zene, was  lifted  and  dropped  by  means  of  an  electromagnet  operated  by 
a  metronome  and  relay.  The  whole  was  placed  in  a  thermostat  at  about 
5.3^t0  5.6^ 

The  apparatus  was  filled  through  a  groimd  joint,  which  was  then  dosed 
and  sealed  with  mercury.  A  trap  caught  any  benzene  whidi  had  dis- 
tilled into  contact  with  the  stopcock  leading  to  the  pump.    At  first  a 

*  T.  W.  Richards  and  J.  W.  Shipley,  This  Journal,  36,  1825  (1914). 

*  J.  Meyer,  Z.  physik,  Chem.,  90,  721  (1915).    See  also  Garelli  and  Paldoli,  AtH 
accad,  Lincei,  [i]  13,  no  (1904);  also  Prytz  and  Hoist,  Wied,  Ann.,  54,  130  (1895). 
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Beckmann  thennometer  was  used,  but  was  found  tmsatisfactory  owing 
to  the  unoertainty  of  the  stem  correction.  In  later  determinations  an 
old,  very  accurate  and  sensitive  Baudin  thermometer  with  a  large  bulb 
was  used.  Finally  the  point  on  the  international  scale  was  determined 
by  standard  Baudin  thermometers  Nos.  15200  and  15276. 

Determinations  were  made  as  follows:  The  apparatus  was  filled  about 
half  full  of  benzene,  which  was  frozen  solid.  The  disengaged  air  was 
pumped  off  (the  evacuation  being  continued  to  minimum  pressure), 
and  the  benzene  was  melted  and  frozen  again.  After  a  second  evacua- 
tion very  little,  if  any,  air  remained.  Finely  divided  crystals,  highly  satis- 
factory for  the  purpose,  were  produced  by  supercooling  the  liquid  benzene 
several  d^jiees  and  stirring.  The  automatic  stirring  was  continued,  and 
the  8(did  phase  augmented;  but  until  there  was  so  much  solid  benzene  that 
the  motion  of  the  stirrer  was  prevented,  the  temperature  remained  un- 
changed. This  proved  that  no  air  remained,  since  otherwise  the  tempera- 
ture would  have  fallen  slowly  as  the  liquid  diminished.  By  varying  the 
rate  of  stirring  over  a  wide  range  it  was  shown  that  the  heat  of  stirring  had 
no  appreciable  effect  on  the  apparent  melting  point. 

WTien  the  triple  point  had  thus  been  fixed,  and  the  quantity  of 
crystals  best  suited  to  give  a  constant  point  had  developed,  air  dried  over 
sulfuric  add  was  admit- 
ted. The  freezing  point 
immediately  rose  about 
0.028  ^  since  benzene 
freezes  at  a  higher  tem- 
perature under  high 
pressure  than  under  low 
pressure.  Asthestirring 
continued,  the  tempera- 
ture fell  because  of  the 
air  dissolved,  at  first 
rapidly,  and  then  more 
slowly,  in  a  well-defined 
curve,  of  which  a  typical 
graph  follows. 

In  this  manner,  after  lA  Oil  OA 

a  few  preliminary  trials,  0  10  ZU  30 

the  fdlowing  5  SUCCes-  Fig.  i.— Typical  diagram  showing  fall  of  temperature 
sive  determinations  were  caused  by  solution  of  air  in  pure  benzene. 
made.  The  -X  samples  Ordinates  represent  temperatures;  abscissas  represent 
r  J  4.  ^"°^  ^  minutes.  The  initial  maximum  temperatture  is 
Of  benzene  referred  to  ^^tained  only  with  complete  absence  of  stirring,  and 
in  the  table  were  pre-  then  only  for  a  brief  time.  During  the  trial  indicated  the 
pared    as   follows:     For   stirring  was  continuous  and  equable. 
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Expts.  I  and  2  the  benzene  was  shaken  with  5  successive  p<»rtions 
of  cone,  sulfuric  add.  Then  followed  several  washings  with  a  srfu- 
tion  of  sodium  hydroxide  and  several  successive  pOTtions  of  water. 
It  was  subsequently  dried  over  calcium  chloride  and  sodium,  dis- 
tilled, recrystallized  5  times,  and  kept  over  sodium.  Succesdve 
portions  of  this  metal  were  needed  to  eliminate  aU  the  water.  The 
material  used  for  Expts.  3  and  4  was  identical  with  Shipley's  Sample 
C,  and  that  used  in  the  fifth  determination  was  identical  with  ^upk/s 
Sample  B.  The  former  had  been  crystallized  4  times  and  the  latter  6.^ 
Both  had  been  kept  3  years  over  sodium,  and  all  were  distilled  directly 
into  the  freezing-point  apparatus.  Below  are  recorded  tlie  results,  cor- 
rected to  the  hydrogen  standard  of  temperature  as  given  by  the  mean 
of  the  readings  of  thermometers  Baudin  15200  and  15^76,  making  chie 
correction  for  the  effect  of  changing  atmospheric  pressure  on  the  ther- 
mometer bulb  and  all  other  known  causes  of  error. 

TaBLB  I. — DiFFBRBNCS  BBTWBBN  FREEZING  PoiNT  IN  VACUUM  AND  IN  AlR. 

Degrees  centigrade. 

' ' .         Difforeace. 

In  vacuum.  In  air.  Vac.— Air. 

(i)  Benzene  as  described  above 5 .504  5 .502  0.002 

(2)  Benzene  as  described  above 5 .502  5 .498  o  .004 

(3)  Shipley's  ssmthetic  benzene  (4th) 5 .498  5 .496  0.002 

(4)  Shipley's  synthetic  benzene  (4th) 5 .500  5 .496  0.004 

(5)  Shipley's  coal-tar  benzene  (6th) 5 .499  5 .497  0.002 

Average S50o6  5-4974  0.003 

The  absolute  value  will  be  considered  in  detail  later.  The  important  out- 
come of  figures  given  in  the^table  is  the  fairly  consistent  evidence  that  the 
melting  point  of  benzene  saturated  with  air  tmder  atmosfdieric  pressure 
is  0.003^  lower  than  the  true  triple  point  of  pure  benzene,  and  that  the 
difference  is  reasonably  constant,  and  trustworthy. 

This  small  correction  (0.003^)  is  made  up  of  two  almost  equal  opposing 
large  corrections.  The  presence  of  dissolved  air  lowers  the  freezing  point, 
but  the  pressure  of  the  atmosphere  increases  it.  The  latter  of  these  two 
effects  may  be  computed  from  the  well  known  equation  of  Oapeyioa: 
dT/dP  =  TAv/L.  According  to  the  carefully  executed  determinatioiis 
of  J.  Meyer,  one  g.  of  benzene  on  melting  takes  in  30.48  average  calories, 
and  increases  its  volume  by  0.1333  cm.*  This  gives  dT/dp  =*  0.0295 
degree  per  atmosphere.  Tammann's  direct  measurement*  between  o 
and  500  atmospheres  gives  dT/dp  =  0.028  degree  per  atmosphere,  but 

^  This  Journal*  36,  1830  (191 4). 
*  J.  Meyer,  Z.  physik.  Chem,,  72,  246  (1910). 

'  Tammann,  KrystaUisieren  und  SchmeUen,  Leipzig,  1903,  p.  197;  see  also  Wied, 
Ann,,  66, 486  (1898). 
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on  makii^  due  allowance  for  curvature  of  the  line  depicting  the  change 
irith  pressure,  it  would  appear  that  his  result  at  atmospheric  pressures 
must  almost  exactly  agree  with  that  computed  above.  The  average 
diange  of  presstne  in  the  5  experiments  was  from  35.4  mm.  (the  pressure 
ot  benzene  vapor  at  its  triple  point)  to  762.4  mm.  (the  average  barometer) 
or  727  mm.  This  change  should  then  alt^  the  freezing  point  by 
(727/760)0.0295  ®  »  ao282  ^. 

Taking  ao28**  as  the  pressure  effect,  0.031**  is  computed  (by  the  ad- 
dition of  0.003^)  as  the  depression  of  the  freezing  point  due  to  air  dissolved 
in  benzene  under  atmospheric  pressure.  The  weight  of  air  dissolved  in 
the  benzene  may  be  estimated  from  this  result  by  the  familiar  equation, 
w  =  MWAi/k,  which  gives  0.017  g.  or  13  cc.  of  air  dissolved  in  100  cc. 
of  benzene.  It  wias  found  t>y  Just^  that  1 1  cc.  of  nitrogen  at  760  mm. 
pressure  disscdved  in  100  cc.  of  benzene  at  20^,  but  he  made  no  trial  with 
oxygen.  Probably  oxygen  is  somewhat  more  soluble  than  nitrogen, 
hence  Just's  result  is  of  the  same  order  as  ours.  The  estimate  of  63.5 
cc.  of  air  per  100  g.  of  benzene  (corresponding  to  a  depression  of  0.14** 
in  the  freezing  point)  made  by  Meyer,^  is  evidently  excessive.  Meyer's 
conclusion  rested  on  only  a  single  experiment,  made  as  a  side  issue  in  a 
research  having  another  object,  and  no  evidence  is  afforded  that  water 
was  excluded  from  the  benzene  in  this  experiment,  an  especially  insidious 
source  of  error  in  cases  like  this,  as  will  be  shown. 

Evidently  the  melting  point  of  benzene  sattnated  with  dry  air,  under 
atmospheric  pressure,  should  be  an  unusually  constant  point,  being  much 
less  affected  than  most  freezing  points  through  change  of  pressure.  A 
rise  in  the  barometer,  for  example,  produces  a  rise  in  freezing  point  through 
increase  of  pressure  but  is  accompanied  by  a  proportional  increase  of  dis- 
solved air;  each  of  the  opposing  almost  equal  corrections  is  augmented  to 
almost  the  same  extent.  A  change  of  ^/a  of  an  atmosphere  would  be  needed 
to  change  the  freezing  point  of  the  air-saturated  Uquid  by  as  much  as 
o.ooi  **. 

As  already  stated,  the  graph  above  indicates  that  saturation  with  air 
is  attained  rather  quickly  by  freezing  benzene  agitated  by  a  splashing 
stirrer.  But,  on  the  other  hand,  is  there  danger  of  supersatiuration? 
liquids  are  well  known  to  become  easily  supersattnated  with  gases,  and 
it  is  not  impossible  that  benzene  sattnated  with  air  might  become  super- 
saturated as  it  becomes  partly  solidified.  The  ultimate  constancy  of 
the  freezing  point  of  benzene  sattnated  with  air  as  f otmd  both  in  the  earlier 
research  and  in  the  present  one  shows,  however,  that  the  supersaturation 
is  adequately  relieved  by  suitable  stirring. 

As  already  stated,  another  possible  source  of  error  or  uncertainty  in 

*  Just,  Z,  physik.  Chem.,  37,  361  (1901). 

*  J.  Meyer,  Ibid.,  73,  238  (1910). 
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the  freezing  point  of  benzene  is  the  presence  of  water.  This  is  a  danger 
to  be  especially  feared  in  taking  the  freezing  point  of  any  non-aqueovis 
Uquid  below  the  dew  point  of  the  air  of  the  laboratory,  since  water  then 
readily  condenses  and  dissolves  in  the  other  liquid.  Ktence,  experi- 
ments were  instituted  in  order  to  determine  the  effect  on  the  freezing  point 
of  benzene  of  saturation  with  water,  as  well  as  to  estimate  cryometricaBy 
the  extent  of  its  maximum  solubiUty  at  the  freezing  point. 

The  literature  on  the  subject  is  widely  divergent  in  its  verdict  One  of^ 
the  early  papers,  by  Herz,^  states  that  0.21 1  volume  of  water  are  takes 
up  at  22**  per  100  volumes  of  benzene  (about  87.6  g.).  This  would  oorre- 
spond  to  a  depression  of  nearly  0.7^  in  the  freezing  point.  From  our  own 
results,  as  will  be  seen,  it  must  be  clear  that  this  result  is  far  too  large. 
One  cannot  help  thinking  that  according  tp  his  method  of  experimenta- 
tion (which  consisted  in  dropping  water  into  benzene  until  an  excess  ap- 
peared) an  unnoticed  film  of  wat^  must  have  dung  to  the  glass  of  the 
vessel  containing  the  benzene.  Considerably  better,  but  still  po^bly 
somewhat  subject  to  the  same  cause  of  «Tor,  were  the  results  of  Gros- 
chuff.*  He  found  that  100  g.  of  benzene  dissolves  0.03  g.  of  water  at  3*, 
and  0.061  g.  at  23®;  from  which  we  may  conclude  that  at  5.5^  about  o.04g. 
of  water  is  taken  up,  corresponding  to  a  depression  of  about  0.13^. 

A  safer  method  seems  to  be  the  determination  of  the  effect  of  water  in 
excess  on  the  freezing  point  of  benzene.  According  to  a  recent  statemeitt 
by  Wm.  J.  Jones,'  Dr.  N.  V.  Sidgwick  states  that  the  freezing  point  of 
water-saturated  benzene  is  about  o.i  ^  below  that  of  pure  benzene.  Our 
own  experiments  verify  this  statement,  as  is  seen  by  the  followii^  figures 
for  two  separate  trials. 

Arbitrary.  Standard  Bandui. 

Beekmaim.  No.  15,276. 

Temperature    of    freezing   before    addition   of 

water,  degrees 4403  5 .485  (oor*d) 

Temperature  of    freezing  when  saturated  with 

water,  degrees 4310  5.389 

DifiFerence,  degrees 0.093  0.096 

liCean  0.095 

If  the  cryoscopic  constant  for  benzene  is  taken  as  5000,  this  would  corre- 
spond to  a  solubility  of  0.034  g-  of  water  per  100  g.  of  benzene  at  5.5®, 
not  far  from  GroschufiTs  value. 

Evidently  an  amoimt  of  water  corresponding  to  only  1%  of  the  amount 
in  the  saturated  solution  is  enough  to  produce  an  eflfect  on  the  freezing 
point  of  0.00 1®,  therefore,  great  care  must  be  taken  to  exclude  water. 
Sodium  added  to  benzene  containing  a  trace  of  water  of  course  evolves 

*  Herz.  Ber.,  31,  2669  (1898). 

«  GroschufF,  Z.  EUktrochem.,  17,  348  (191 1). 

*  W.  J.  Jones,  /.  Soc.  Dyers  and  Colourists,  35,  46  (1919). 
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hydrogen,  and  soon  becomes  coated  with  sodium  h3rdroxide,  when  it  is 
less  efficient.  Accordingly,  freshly  prepared  sodium  must  be  added  in 
successive  portions  in  order  to  obtain  complete  dryness  in  any  reasonable 
time.  We  found  that  if  perhaps  2  g.  of  sodium  wire  is  added  to  50  cc. 
of  benzene  on  each  of  2  successive  days,  the  liquid  is  sufficiently  dry  so 
that  a  third  portion  of  added  sodium  allowed  to  stand  for  2  da3rs  more, 
produces  no  observable  effect  upon  the  freezing  point.  The  fear  that 
sodium  thus  added  in  the  presence  of  traces  of  water  might  prgduce  a 
trace  of  a  hydrobenzol  does  not  seem  to  be  substantiated  by  our  experience. 

Benzene  thus  dried  must  be  scrupulously  protected  from  contact  with 
moist  air,  and  all  the  apparatus  which  it  touches  must  have  been  previ- 
ously heated  in  a  current  of  dry  air  in  order  to  exclude  traces  of  water. 
All  these  precautions  were  observed  in  the  work  upon  the  exact  freezing 
point  of  benzene  which  follows.  No  correction  was  made  for  the  possible 
solution  of  carbon  dioxide  in  benzene.  The  solubility  of  this  gas  in  the 
liquid  under  atmospheric  pressing  is  hardly  great  enough  to  make  the 
amount  dissolved  under  its  usual  partial  pressure  of  0.0003  ^^^'  &P~ 
predable.* 

The  freezing  point  of  benzene  as  newly  found  is  distinctly  higher  than 
those  observed  by  one  of  us  in  collaboration  with  Barry,  Davis,  and  Shipley. 
Although  the  object  of  the  present  experiments  had  not  at  first  been  to 
determine  the  precise  value,  but  only  the  eflfect  of  air,  nevertheless  the 
difference  obviously  suggested  further  research.  Accordingly  very  care- 
ful new  absolute  determinations  of  the  freezing  point  of  benzene  were 
made,  taking  account  of  all  the  precautions  suggested  in  the  foregoing 
pages. 

In  repeating  the  work  on  the  true  freezing  point  of  dry  benzene  saturated 
with  air,  a  Beckmann  freezing-point  apparatus  was  used.  The  standard 
Baudin  thermometers  dipped  dhectly  into  the  mixture  of  soUd  and  liquid 
benzene,  which  was  stirred  by  hand  with  a  platinum-glass  stirrer.  Air 
(thoroughly  dried  by  cone,  sulfuric  add)  was  passed  continuously  through 
the  upper  part  of  the  test-tube.  The  outer  batii  was  kept  between  5.0*  and 
5.5*,  approaching  the  latter  point  in  the  final  determinations.  The  dis- 
tillation of  the  purified  benzene  was  carried  out  by  electric  heating  in  a 
glass-stoppered  double-necked  distilling  flask^  and  the  distillate  could  be 
collected  in  either  one  of  two  receiving  test-tubes,  at  the  end  of  a  Y-branched 
condenser  tube,  by  the  expedient  of  tilting  the  flask  from  side  to  side 
The  test-tube  containing  the  second  fraction  of  the  distillate,  of  which  the 

^  It  was  found  by  Just  that  benzene  dissolves  about  2.5  times  its  volume  of  carbon 
dioxide  (a  result  whidi  some  results  of  ours  seem  to  show  to  be  excessive)  but  even  if 
the  (;as  is  as  soluble  as  this,  the  liquid  should  take  out  of  ordinary  air  only  about  a 
luflMflBth  part  of  ttt  weWit  ti  flpaa. 

*  T.  W.  Richards  and  F.  Barry,  This  Journal,  s^t  1787  (1919)- 
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freezing  point  was  to  be  determined,  was  supplied  with  a  oork  stc^p^ 
fitted  witili  the  stirrer  and  standard  thermometer  all  in  place,  and  could  be 
detached  from  the  condenser  tube  at  a  ground  joint,  immediately  after- 
wards being  connected  to  a  supply  of  dry  air. 

Pure  coal-tar  benzene  had  been  prepared  as  usual  and  was  further  re- 
crystallized  3  times  and  dried  over  successive  portions  oi  sodium  for  2 
days  at  a  time.  Synthetic  benzene  had  been  prepared  from  benzoote^ 
and  ha4  been  further  purified  by  Dr.  Shipley;  it  was  yet  further  recrystal- 
lized  3  times  and  dried  over  sodium  as  in  the  case  of  the  coal-tar  product 
For  the  determination  of  the  ice-point,  natural  fresh-water  ice  of  good 
quality  was  chopped  into  small  lumps,  allowed  to  stand  in  a  beaker  until 
a  part  of  it  had  melted,  then  drained  and  the  interstices  filled  with  pure, 
dulled  water  before  the  final  reading. 

After  the  purified  benzene  had  stood,  as  described,  over  sodium  in  the 
distilling  flask  for  several  da3rs,  it  was  carefully  distiQed  directly  into  the 
test-tube,  the  first  third  being  collected  separately.  The  benzene  all 
distilled  within  0.05^.  The  test-tube  having  been  disconnected  from  the 
condenser  at  the  grotmd  joint  and  connected  to  the  dry  air  current,  the 
tube  was  allowed  to  cool  in  an  ice  bath.  By  sufiGidently  supercoding 
(to  about  +1  ^)  about  a  third  of  the  liquid  could  be  instantly  frozen  in 
the  form  of  small,  flaky  crystals;  and  by  further  altemktdy  cooling  and 
briefly  warming  the  tube,  the  quantity  of  solid  could  be  increased  until 
the  whole  tube  was  filled  with  a  thin  paste  of  crystals.  The  intermittent 
warming  was  necessary  to  cause  the  solid  cakes  on  the  wbUs  of  the  tube 
to  become  disengaged  and  permit  movement  of  the  stirrer.  When  a  paste 
of  the  desired  consistency  had  been  obtained,  the  outside  of  the  test-tube 
was  wiped  dry  and  the  latter  placed  in  the  air-jacket,  which  was  suspended 
in  the  cooling  bath.  Pieces  of  absorbent  cotton  were  placed  about  the 
neck  of  the  test-tube  to  keep  it  in  place  and  prevent  air  currents  within 
the  air-jacket.  The  bottom  of  the  test-tube  rested  likewise  on  a  pad  of 
cotton.  The  mixttue  of  solid  and  liquid  benzene  was  frequently  stirred, 
and  the  temperature  of  the  thermometer  read  by  means  of  a  cathetometer, 
which  was  carefully  adjusted.  The  thermometer  was  always  maintained 
in  a  vertical  position  as  tested  by  a  pliunb-line,  and  at  a  definite  distance 
frpm  the  cathetometer  objective.  In  some  experiments  with  Baudin 
No.  15376  the  top  of  the  mercury  thread  was  allowed  to  just  emerge  above 
the  top  of  the  cork  stopper  in  the  mouth  of  the  test-tube;  in  one^trikl 
(No.  15200  being  used)  the  meniscus  was  read  through  the  glass  of  the 
test-tube,  just  below  the  bottom  of  the  stopper;  in  this  case  the  stem  cor- 
rection was  wholly  negligible.  In  all  cases  the  proper  stem  corrections 
were  calculated,  knowing  the  length  and  mean  temperature  of  the  several 
portions  of  projecting  thread,  both  within  and  above  the  cork  stoppet. 
*  Under  the  kindly  undertaken  direction  of  Professor  E.  P.  KoWcr, 
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The  freezing  point  was  constant  over  at  least  an  hotu'^s  time  in  each 
case,  and  did  not  alter  appreciably  from  the  initial  readings:  since  the 
amomit  of  solid  had  increased  in  every  case  by  about  25-30%,  this  con- 
staiicy  is  indicative  of  the  purity  of  the  substance. 

After  a  determination  had  been  completed,  the  benzene  was  allowed  to 
melt  in  a  current  of  dry  air,  and  replaced  in  a  bottle  over  soditun. 

The  two  standard  Baudin  thermometers  used  in  making  the  final  meas- 
urements differed  scmie^^diat  in  their  readings  when  all  appropriate  cor- 
rections had  been  applied.  When  a  graph  of  the  calibration  corrections 
was  made  for  each  thermometer,  it  was  found  that  unfortunately,  from  the 
nature  of  the  curves,  just  at  5.5^  the  tmcertainty  of  each  was  greatest, 
and  in  either  or  both  a  possible  error  of  0.003  ^  ^^  more  might  exist.  There- 
fore the  two  thermometers  were  carefully  compared  with  one  another, 
by  simultaneously  immersing  them  in  a  mixture  of  solid  and  liquid  benzene, 
and  subsequently  in  a  bath  of  cracked  ice  and  pure  water.  In  this  way  it 
was  found  that  No.  15200  reads  0.014**  higher  than  No.  15276  at  5.5  ^ 
The  mean  value  was  taken  as  the  best  available.  This  mean  is  obviously 
subject  to  an  uncertainty  of  at  least  =^0.007  due  to  the  calibration  of  the 
thermometers  alone,  apart  from  any  further  uncertainty  due  to  the  quality 
of  the  benzene. 

Frbbzing  Point  of  Dry  Bbnzbne  (Saturated  with  Am). 
Degrees  Centigrade. 
Number  of  thermometer.  No.  15,276.    No.  15,200. 

(i)  Coal-tar  benzene  (Carver's) 5 .487 

(2)  Coal-tar  benzene    dried  2  days  kmger 5 .487 

(3)  Same  as  (a ) ...  > 5-438  5  •  499 

(4) 

(5)  Coal-tar  benzene 5 .487  5 .501 

(6) 

(7)  Same  as  preceding 5 .488  5 .501 

(8) 

(^  ^amo,  one  thermometer  •nly  used 5499 

(10)  Same»  one  thermometer  only  used 5 .485 

Averages 5487  5  500 

Total  average  of  both  thermometers  5.493. 

The  outcome  shows  that  the  most  probable  freezing  point  of  benzene 
saturated  with  air  is  5.493**,  therefore,  the  true  triple  point  is  5.496**, 
We  are  inclined  to  think  that  these  values  (about  0.0 1  ^  higher  than  those 
based  on  the  earlier  determination)  are  the  more  acciu'ate,  since  they  rep- 
resent the  averages  of  the  readings  on  two  standard  thermometers  (in- 
stead of  only  one),  apd  since  most  of  the  probable  errors  tend  to  lower 
rather  than  to  raise  the  melting  point.  Nevertheless  as  already  stated 
neitber%of  the  new  values  can  be  considered  as  certain  within  a  much 
narrower  limit  than  0.0 1  °,  because  of  the  unfortimate  irregularity  of  the 
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two  standard  thennometers  in  this  neighborhood.  Moreover  in  spite 
of  the  use  of  many  different  specimens  of  benzene,  the  doubt  must  ahrajrs 
remain  as  to  whether  the  samples  employed  were  perfectly  pure.  That 
our  material  was  purer  than  the  specimen  employed  by  J.  Meyer  is  shown 
by  the  fact  that  our  melting  point  is  over  0.05^  higher  than  his  (5.44*^). 
The  preparation  of  any  organic  substance  in  a  state  of  great  purity  is 
difficult,  although  benzene  is  more  promising  in  this  respect  than  the  great 
majority,  because  of  its  convenient  crystallization,  its  easy  preparatioa, 
and  its  considerable  stability.  For  a  doser  evaluation  of  the  mdtii^  pciat 
of  benzene,  a  prolonged  and  laborious  investigation  would  be  needfid, 
for  which  we  have  not  time  at  present.  In  the  meantime  it  is  safe  to^say 
that  either  the  triple  point,  or  the  freezing  point*when  saturated  with^air, 
is  easily  attained  and  very  constant. 

We  are  glad  to  express  our  obligation  to  the  Carnegie  Instituttoa  ot 
Washington  for  pecuniary  support  in  this  research. 

Summary. 

1.  Benzene  saturated  with  air  under  atmospheric  presstue  melts  0.003** 
below  the  true  triple  point. 

2.  Benzene  thus  saturated  has  its  freezing  point  but  little  altered  by 
change  of  presstue. 

3.  Evidence  of  an  important  degree  of  supersaturation  does  not  appear. 

4.  The  effect  of  pressure  in  the  absence  of  dissolved  air  is  shown  to  alter 
the  freezing  point  0.029®  P^  atmosphere. 

5.  Saturation  with  water  lowers  the  freezing  jxrint  of  benxene  0.095**. 

6.  The  true  freezing  point  of  benzene  saturated  with  air  is  probaUy  not 
far  from  5.493®,  and  the  true  triple  point  not  far  from  5.496®. 

Cambrioos,  Mass. 


[Contribution  from  thb  Univbrsity  Coixbgs  of  Sciencs  of  Caw:otta.] 

HALOGENATION.    XIX.   THE    REPLACEMENT    OF   SULFOIHC 

GROUPS  BY  CHLORINE  AND  THE  PREPARATION 

OF  ORGANIC  CHLORO-DERIVATIVES. 

By  Rasik  Lai,  Datta  and  Haraparbutty  Kumar  Mittsr. 

Received  April  14.  1919. 

It  has  been  f oimd  that  when  a  current  of  chlorine  gas  is  introduced  into 
an  aqueous  solution  of  sulfonic  acid,  the  sulfonic  group  is  detached  with  the 
simultaneous  production  of  the  corresponding  chloro-derivative.    The 
reaction  that  takes  place  may  be  represented  as  follows: 
X)H  IciiTI  yOH 


where  X  represents  the  organic  radical  to  whidi  the  sulfonic  groctp  is 
s^tadied. 
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•  Besides  throwitt^  light  on  a  fundamental  and  general  reaction,  this 
method  has  great  practical  value.  The  direct  chlorination»  in  aqueous  or 
glacial  aoetac  add  solution  by  means  of  chlorine  is  g^ei^ ally  unsatisfactory 
Z8  a  good  deed  of  substance  chars  and  oxidizes  with  a  considerable  diminu* 
tioa  in  the  yie^.  But  with  the  above  reaction  there  is  scarcely  any 
secondaxy  action,  and  no  diarring  of  the  sulfonic  add  takes  place,  the  chloro- 
desdvatives  being  almost  invariably  produced  in  high  yield. 

It  has  been  found  that  aromatic  bodies  which  already  contain  an  hydroxy 
group,  as  in  the  case  of  phenols  and  oxyadds,  exhibit  a  spedal  fadlity  in 
the  displacement  of  the  sulfonic  group  by  chlorine.  The  same  facility 
of  replacement  has  also  been  found  in  the  case  of  substances  which  already 
contain  an  amido  group,  as  in  the  case  of  nitranilines. 

The  results  that  have  been  obtained  are  interesting.  Anisol  and  phenetol 
sulfonic  adds  have  given  tetrachloro-ketodihydrobenzene, 

CC1<^  >C0; 

^H  .  C)/ 

pbenol  sulfonic  adds  3riekl  2,4,6-trichlorophenol;  ^-cresolo-5-sulfonic  add 
gives  5-chloro-o-cresol,  m-cresol-6-sulfonic  add  and  m*cresol-2,6-disulfonic 
add  yield  2,6-dichloro-m-cresol;  p-cresol-3-sulfonic  add  gives  a  trichloro- 
/Maresol,  whereas  ^^<Tesol-3,5-disulfonic  acid  yidds  3,5-dichloro-p-cresol. 
From  thymol  mono-  and  di-sulfonic  adds,  2,5,6-trichloro-th3rmol  can  be 
obtained,  whereas  carvacrol-5-sulfonic  add  yields  trichloro-carvacrol. 
<^^ol   disulfonk  add   yields   3,5-diketo-methyl-pentachloro-R-hexane, 

<CC1,C(K 
>CC1«. 
cci.ccr 

Prom  o-nitrophenol  and  :^nitrophenol  sulfonic  adds,  4,6-dichl(»ro-o- 
nitropibenol  and  2,6-dichloro-^-nitrophenol  have  been  obtained,  respec- 
tively. o-Nitroaniline  sulfonic  add  and  ^-nitroaniline  stdfonic  add  yield 
4,6rdichloriO-£>*nitroaiiiline  and  2,6-dichloro-p-nitroaniline,  respectively, 
whereas  m-nitroaniline  does  not  give  any  definite  product.  o-Hydroxy- 
benzoic  aeid  on  sulf onation  and  consequent  treatment  with  chlorine  gives 
3,5-didiIoro-eNhydroxybenzoic  add.  2,4,6-Trisidfonic  add  obtained  from 
mrcaybeazoic  add  gives  2,4,6-trichloro-m-oxybenzoic  add,  and  3-sulfonic- 
;^*oxybenzoic  add  yields  on  treatment  with  chlorine  3,5-dichloro-^-oxy- 
benzoic  add. 

The  phenomena  of  the  replacement  of  the  sulfonic  group  by  chlorine 
have  not  been  systematically  studied,  although  occasional  instances  can 
be  found  in  Uteratiu^.  Kelbe^  has  shown  that  cymol  sulfonic  acid  yields 
tetrachlorocymol  by  the  action  of  chlorine.    Meyer*  has  foxmd  that  f- 

»  Ber.,  x6,  617  (1883). 
*  MoruUsh.,  36,  719  (1915). 
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dichlorobenzene  is  formed  from  /^-chloro-benzosulfonic  add;  and  he 
a]so  obtained  a-  and  jS-chloroanthraquinones  from  the  conespondiiig 
a-  and  ^-sulfonic  acids  when  acted  upon  by  chlorine.  Chlorine  rqilaces 
the  sulfonic  group  of  alizarin-j3-sulfonic  add^  to  form  chloroalizarin. 
Parbenfabriken  vorm  F.  Baeyer  &  Co.*  and  Schillong*  prepared  dikxo- 
and  bromoanthraquinones  from  the  correspcmding  sulfonic  derivatives. 
Haller^  studied  the  reaction  in  ox3ranthraquinone.  Sudboroug^  and 
Lakhumalini*  have  studied  it  in  amidobenzene-sulfonic  adds. 

ExperimentaL 
AnisoL 
By  the  action  of  chlorine  upon  an  aqueous  solution  of  anisol  sulfonic 
add,  the  sulfonic  radical  is  detached  with  the  fonnation  of  tetrachloro- 
keto-dihydrobenzene, 

<CH:CCk  yCH:Cay 

>C0      or      CCI4  J>CO. 

CH:Ca^  ^H.ca/ 

and  tetrachloroquinone  as  a  secondary  product.  The  ketochloride  to- 
gether with  tetrachloroquinone  has  been  previously  prepared  by  the  action 
of  chlorine  upon  trichlorophenol.* 

The  sulfonic  add  is  prepared  by  heating  anisol  with  cone,  sulfuric  add  on 
the  water  bath  for  about  3  hours  when  both  the  para-  and  or^/io-compounds 
are  formed  at  the  same  time.'  Chlorine  was  passed  through  the  diluted 
aqueous  solution  and  after  nearly  an  hour  an  oil  collected.  The  cur- 
rent of  the  gas  was  continued  until  no  more  oil  was  formed.  The  oil  was 
collected,  washed  and  a  part  was  treated  with  glacial  acetic  add  from 
which  it  was  found  to  aystalUze  in  colored  prismatic  needles  mdting  at  1 22  ®. 
This  has  been  identified  to  be  tetraddoro-keto-dihydrobenzene.  The 
gladal  acetic  add  solution  of  the  substance  acts  upon  the  skin. 

In  order  to  study  the  mode  of  the  reaction  the  experiment  was  repeated 
and  the  solution  exhaustivdy  treated  with  chlorine  whereupon  the  oil 
formed  as  before,  gradually  solidified,  and  copious  flakes  of  yellow  shining 
crystals  appeared  in  the  aqueous  solution.  The  floating  crystals  were 
collected  separatdy,  dried  and  recrystallized  from  gladal  acetic  add. 
The  crystals  do  not  mdt  but  sublime  at  high  temperature  and  were  identi- 
fied as  tetrachloroquinone.  The  semi-solid  mass  was  found  to  crystal- 
lize well  from  a  mixture  of  ether  and  ligroin  and  was  tiien  fractionally 
oystallized  from  gladal  acetic  add,  yidding  tetradiloroqtuncme  and  a 
1 D.  R,  P.  77179,  78642. 

•  Brit,  pat,  1822  (1908). 

•  Ber.,  46,  io66  (1913). 

•  Ibid,,  46,  2703  (1913). 

•  /.  Chem,  Soc.,  iii,  41  (191 7). 

•  Benedikt,  Monatsh.,  4,  233  (1883). 

7  Kekul6,  Z,  Chem,,  1867,  p.  201;  Cahours,  Ann.,  $2^  33  (1844). 
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so£d  rndting  at  122^  which  was  identified  as  tetrachloro-keto-dihydro- 
benzene. 

The  simultaneous  formation  of  the  above  two  substances  may  be  ex- 
plained by  the  assumption  that  anisol  sulfonic  add  is  hydrolsrzed  to  phenol 
whidi  yidds  trichlorophenol»  and  the  latter  is  further  dilorinated  to  tetra- 
diloroquinone  and  tetradiloro-keto-dihydrobenzene. 

PhenetoL 

By  the  action  of  chlorine  upon  an  aqueous  solution  of  phenetol  sulfonic 
add,  the  sulfonic  group  is  detached  with  the  formation  of  tetrachloro- 
quinone,  and  tetradiloro-keto-dihydrobenzene, 

<H  —  CQv  yCH  «  ca  V 

■>C0     or     CCK'  )>C0. 

H  —  ccK  ^CH  —  ca/ 

as  a  secondary  product.    The  keto-diloride  and  the  tetradiloroqainone 
were  previously  prepared  by  the  action  of  chlorine  upon  trichlorophenol.^ 

The  sulfonic  add  is  prepared  by  the  action  of  cone,  sulfuric  add  upon 
anisd  and  then  heating  on  a  water  bath  when  both  the  para-  and  ortiuh 
compounds  are  simultaneously  formed.^  Chlorine  was  passed  through 
the  warm  dilute  aqueous  solution  of  the  sulfonic  add  when  after  nearly 
an  hour  an  oil  was  found  to  <x>llect  The  passage  of  the  gas  was  continued 
until  no  further  increase  in  the  voltune  of  the  oil  occurred.  The  oil  was 
collected,  washed  and  treated  with  a  mixture  of  ether  and  ligroin  from 
which  it  oystallizes  as  a  yellow  solid,  mdting  at  115-20^.  On  treatment 
with  glacial  acetic  add  it  yidded  a  small  amotmt  of  white  crystals  mdting 
at  122^.  The  substance  has  been  identified  as  tetradiloro-keto-dihydro- 
benzene.  The  glacial  acetic  add  solution  of  the  substance  acts  upon  the 
skin. 

In  order  to  study  the  mode  of  reaction,  the  previous  experinoent  was 
repeated  and  the  solution  treated  exhaustivdy  with  chlorine  as  in  the  case 
of  anisol,  whereupon  the  oil  as  before  gradually  solidified  and  copious  flakes 
of  yellow  shining  crystals  appeared  in  the  aqueous  solution.  The  floating 
crystals  were  collected  separatdy,  dried  and  crystallized  from  gladal 
acetic  add;  they  do  not  mdt  but  sublime  at  high  temperature.  These 
crystals  are  very  characteristic  and  have  been  identified  as  tetrachloro- 
quinone.  The  semi-solid  mass  was  fotmd  to  crystallize  from  a  mixture  of 
ether  and  ligroin,  and  the  resulting  crystals  were  then  fractionally  crys- 
tallized from  glacial  acetic  add,  yiddmg  tetrachloroquinone  and  a  solid 
mdting  at  122^,  which  was  identified  as  tetrachloro-keto-dihydrobenzene. 

The  simultaneous  formation  of  the  above  two  substances  can  be  ex- 
plained by  the  asstmiption  that  phenetol  sulfonic  add  is  hydrolyzed  to 
phenol  which  yidds  trichlorophenol,  and  that  this  is  ftuther  chlorinated 
>  Benedikt,  Monatsh.,  4,  233  (1883), 
<  Opl,  Lippmann,  Z.  Chem,,  1869,  p.  470. 
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to    tetrachloroqtimone,    and    tetracUon>-ketD-diliydrobeiizeiie.    In   the 
present  case  tetrachloroquinone  forms  the  main  product 

PhenoL 

Phenol  sulfonic  add  on  treatment  with  chlorine  forms  2^4,6-trichkio- 
phenol,  the  sulfonic  groups  befaig  detached.  This  2,4,^trichloropheiiol 
is  also  formed  by  passing  dilorine  into  phenoL^  It  is  prepared  by  tbe 
treatment  of  dil.  phenol  solution  with  soditun  hypochlorite.*  Vogd*  has 
shown  that  it  is  formed  by  passing  dilorine  into  an  aqueous  solution  of 
potassium  phenol  sulfonate. 

Into  an  aqueous*  solution  of  phend  monosulf onic  add,  preferably  freed 
from  any  unchanged  phenol,  chlorine  was  passed  to  saturation.  The 
predpitate  formed  was  collected  and  crystallized  from  glacial  acetic  add, 
and  white  needle-shaped  oystals  obtained,  mdting  at  67-8^,  identified 
as  2,4,6-tridilorophenol.    The  3aeld  is  quantitative. 

Into  an  aqueous  solution  of  phenol  disulf ooic  add,  prepared  by  stdfcnot- 
ing  phenol  with  4  parts  of  fusing  sulfuric  add,  dilorine  was  passed*  The 
predpitate  formed  was  separated  by  suction  and  crystallized  from  glacial 
acetic  add  giving  white,  needle-shaped  crjrstalsof  2,4,6-trichlQroplienoL 
The  yield  is  nearly  quantitative. 

The  crude  trisulfonic  add  obtained  by  sulfonating  phenol  with  fitming 
sulfuric  add  and  phosphorus  pentoxide  was  diluted  with  water  and  par- 
tially decolorized  with  animal  charcoal.  Into  this  solution,  chknine  was 
passed  for  a  comparativdy  long  time,  longer  than  in  the  case  with  phenol 
mono-  and  disulfonic  adds.  The  predpitate  was  collected  and  crystallized 
from  glacial  acetic  add,  forming  white,  needle-shaped  crystals  of  tricfakto- 
phenol  in  small  yidd. 

The  3ddd  is  quantitative  in  the  case  of  the  monosulfonic  add  but  in 
the  case  of  the  disulfonic  add  it  is  slightiy  less,  while  it  is  still  less  in  the 
case  of  trisulfonic  add,  this  fact  agreeing  with  the  general  experience  that 
the  greater  the  ntunber  of  sulfonic  groups  to  be  replaced  by  chlorine,  the 
greater  the  difficulty  and  the  smaller  the  yidd. 

^>-Cresol. 

By  the  action  of  chlorine  upon  an  aqueous  solution  of  o-cresol-5-5ulfoQic 
add,  the  sulfonic  add  radical  is  detached  with  the  formation  of  5-dilQro- 
(?-cresol.  It  has  previously  been  prepared  by  the  action  of  dilorine  upon 
an  acetic  add  solution  of  d>-cresol  in  presence  of  iron.^  It  has  also  been 
prepared  by  the  action  of  sulfuryl  diloride  on  (MaesoL* 

The  sulfonic  add  is  prepared  by  the  action  of  cold  cone  sulfuric  add 

*  Laurent*  Ann,,  43,  209  (1842). 

*  Chandelon,  Bull.  soc.  chem.,  38, 123  (1882). 
» Z.  Chem.,  1865,  p.  529. 

*  Claus,  Jackson,  /.  prakt,  Chem.,  [2]  38,  328  (1888). 

*  Penatoner,  Condorelli,  Gome.  chim.  Ual.,  aS|  I,  an  (1898). 
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upon  {Maresol.  The  3-sul£omc  add  is  also  produced  at  the  same  time,  and 
being  mudi  less  soluble  in  water,  can  thus  be  separated  from  the  5-sul- 
fonic  acid.^  Pour  cc.  of  o-cresol  was  taken  and  4  cc.  of  cold  cone,  sulfuric 
add  was  gradually  added  to  it,  care  being  taken  to  keep  it  cold.  The 
mixture  was  shaken  from  time  to  time  and  allowed  to  stand  for  some  time. 
The  whole  of  the  syrupy  liquid  was  then  poured  into  water  and  the  soluble 
portion  was  separated  from  the  insoluble  oily  portion  by  means  of  a  sep- 
arating funnd.  The  soluble  p(»tion  containing  the  5-sulfonic  add  was 
dttuted  with  water  and  a  current  of  chlorine  was  allowed  to  pass  through 
it  until  the  heavy  oil  which  settles  out  is  no  longer  formed.  The  whole  was 
wanned  on  the  water  bath  and  the  oil  separated  by  means  of  a  separating 
fimnd,  washed  with  water  and  dissolved  in  glacial  acetic  add.  On  cooling 
and  stirring  it  jddded  1.7  g.  of  white  crystals  mdting  at  47**,  which  were 
identified  as  5-chloro-(7-cresol. 

m-CresoL 

By  the  action  of  chlorine  upon  an  aqueous  solution  of  w-cresol  sulfonic 
adds,  the  sulfonic  radicals  are  detached  with  the  formation  of  2,6-dichloro- 
w-cresol.  This  substance  has  been  previously  prepared  by  passing 
chlorine  into  boiling  w-cresol.* 

w-Cresol-6-sulfonic  add  was  obtained  by  warming  m-cresol  with  an 
equivalent  volume  of  cone,  sulfuric  add.'  A  current  of  chlorine  was 
passed  through  its  aqueous  solution  for  some  time  when  a  brown  semi- 
solid mass  was  predpitated.  The  solid  was  collected,  washed  and  crys- 
tallized from  glacial  acetic  add  yidding  white  aystals  mdting  at  45**. 
The  yidd  from  5  cc.  of  w-cresol  was  6.3  g.  The  substance  was  identified 
as  the  dichloro-w-cresol  of  Claus,*  mdting  at  45**.  As  the  substance  was 
found  to  be  identical  with  that  obtained  from  w-cresol-2,6-disulfonic  add 
by  the  replacement  of  sulfonic  groups  by  chlorine  as  noted  bdow  it  is 
evidently  2,6-dichloro-w-cresol. 

Into  an  aqueous  solution  of  w-cresol-2,6-disulfonic  add  prepared  by 
heating  one  part  of  w-cresol  with  6  parts  of  cone,  sulfuric  add  to  120-40**,* 
a  current  of  chlorine  was  passed  to  satiu-ation.  The  solid  thus  formed 
was  collected,  washed  and  crystallized  from  gladal  acetic  add  giving 
white  crystals,  mdting  at  45**.  The  substance  was  identified  as  the 
dichloro-w-cresol*  of  Claus;  and  as  the  chlorine  atoms  have  replaced  both 
the  sulfonic  groups  in  positions  2  and  6,  the  chloro  derivative  must  be 
2,6-dichloro-w-cresol.  The  yidd  obtained  from  5  cc.  of  w-cresol  was  8  g. 
»  Claus,  Jackson,  /.  prakt.  Chem.,  [2]  38,  333  (1888). 
«  Claus,  Schweitzer,  Ber.,  19*  930  (1886). 

*£ngelhardt,  Latschinow,  Z.  Chem,,  1869,  622;  Claus,  Krauss,  Ber.,  20,  3089 
(1887). 

*  Ibid.,  19,  930  (1886). 

*  Clauss  and  Krauss,  Ber.,  ao,  3089  (1887). 

*  Ibid.,  19,  930  (1886). 
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By  the  action  of  chlorine  upon  an  aqueous  solution  of  /^-cresol-s-sul- 
fonic  add,  tiie  sulfonic  group  is  detached  with  the  fonnation  of  a  2,3,6- 
or  3,5,6-trichloro-p-cresol,  whereas  3,5*disulfonic  add  yidds  3,5-didiloro- 
p-creaol  when  similarly  treated. 

/>-Cresol-3-sulfonic  add  was  prepared  by  the  action  of  fuming  sulfuric 
add  upon  p-crescl^  in  requisite  proportions  in  the  cold.  A  current  of 
chlorine  was  passed  through  the  diluted  solution  for  a  long  time  when  it 
yidded  a  small  amount  of  a  product  which  on  recrystallization  from  glacial 
acetic  add  was  found  to  mdt  at  85-6**.  This  has  been  proved  to  be  tri- 
chloro-/>-cresol  by  an  analysis  for  chlorine: 
Subs.,  0.0574:  AgCl,  0.1274. 
Calc.  for  Cai(CH,)(OH)Cl,  :  CI,  50.35.    Found:  50.78. 

The  only  trichloro-f-cresol  known  is  2,3,5-trichloro-/>-cresol  whidi 
mdts  at  66~7°,  which  cannot  be  identified  with  the  substance  obtained 
above.  Hence  this  substance  may  be  either  2,3,6-  or  3,5,6-trichloro-f'- 
cresol,  the  probabiUty  of  the  formation  of  these  being  equal. 

3,5-Distdfonic  add  was  prepared  by  heating  the  potassium  monosul- 
fonate  of  ^-cresol  with  fuming  stdfuric  add*  on  the  water  bath.  The 
diluted  solution  was  then  treated  with  a  current  of  chlorine  to  saturation 
and  warmed  on  the  water  bath.  The  oil  which  formed  was  collected,  washed 
and  crystallized  from  hot  alcohol,  yidding  white  aystals  which  mdted 
at  39  °.  It  has  been  identified  as  3,5-dichloro-f -cresol.  The  yidd  obtained 
from  5  g.  of  ^-cresol  was  3  g. 

Thymol. 

By  the  action  of  chlorine  upon  an  aqueous  solution  of  a  mixture  of  thymol 
mono-  and  disulfonic  adds,  the  sulfonic  radicals  are  detached  with  the  forma- 
tion of  2,5,6-trichloro-thymol.  It  has  previously  been  obtained  by 
passing  chlorine  into  thymol. 

Four  g.  of  thymol  was  gradually  digested  with  a  mixtiu^  of  equal  volume 
of  cone,  and  fuming  sulfuric  adds  and  kept  on  the  water  bath'  for  about 
two  hotus  when  a  dear  solution  was  obtained  by  the  addition  of  water. 
A  current  of  chlorine  was  then  passed  through  the  diluted  sulfonic  add 
solution  for  a  long  time  and  a  white  predpitate  obtained.  The  soUd 
when  collected,  washed  and  crystallized  from  boiling  alcohol,  yidded  5.7 
g.  of  light  brown  crystals  mdting  at  61  **.  It  has  been  identified  as  2,5,6- 
trichloro-thymol. 

Carvacrol. 

By  the  action  of  chlorine  upon  an  aqueous  solution  of  carvacrol-5-sul- 
fonic  add,  the  sulfonic  add  group  is  detached  with  the  formation  of  tri- 
chloro-carvacrol. 

>  Engelhardt  and  Latsdiinow,  Z.  Chem.,  1869,  p.  619. 
'  Engdhardt  and  Latsdiinow,  Ibid.,  1869,  p.  620. 
'  Engelhardt  and  Latadiinow,  Ibid.,  1869,  p.  46. 


Digitized  by 


GooQle 


aAU)OBNATION.     XDt.  20^$ 

The  sulfoiiic  add  is  prepared  by  the  action  of  5  cc.of  oonc.  sulfuric  add 
upoasoc^ci  carvacrol^  on  the  water  bath  for  ah  hour.  The  resulting  liquid 
was  then  dUuted  with  water  and  treated  with  a  current  of  chlorine  gas 
to  saturation)  the  scdution  gradually  becoming  turUd.  An  oil  settles 
whidi  was  washed  and  dried  over  fused  caldtun  chloride,  yielding  3.8 
cc  and  was  found  to  decompose  on  boihng  at  atmospheric  pressure.  It 
was  shown  to  be  tridiloro-carvacrol. 

Subs.,  0.29S0:  AfCl,  0.5061. 

Calc.  for  trichloro-carvacrol:  CI,  42.01.    Poiind:  42.06. 

OrcinoL 
By  the  action  of^dilorine  upon  an  aqueous  solution  of  ordnol-disulf onic 
add,  the  sulfonic  groups  are  detached  with  the  formation  of  pentachloro- 
ordnol  or  3,5-diketo-methylpentachloro-R-hexane, 

<CC1,  — COv 
ca  —  c(x 

It  has  previously  been  prepared  together  with  pentachloro-m-diketo-R- 
hexane*  by  the  action  of  excess  of  chlorine  hydrate  or  potassitmi  chlorate 
and  mineral  add  on  ordnol.^ 

The  disulfonic  add  of  ordnol  was  prepared  by  wanning  5  g.  of  ordnol 
with  12  cc.  (an  excess)  of  cone,  sulfuric  add*  to  60-80  **  on  the  water  bath 
for  an  hour,  when  the  mixtiure  was  foimd  to  be  completdy  soluble  in  water. 
It  was  diluted  with  water  and  treated  with  chlorine.  A  predpitate  of 
ash-colored  soUd  substance  was  immediatdy  obtained,  and  complete 
predpitation  took  place  within  an  hour.  The  solid  when  collected,  washed 
and  crystallized  from  gladal  acetic  add  jddded  8  g.  of  white  oystals, 
mdting  at  120.5  **.    It  was  identified  as  pentachloro-ordnol. 

o-Nitrophenol. 

By  the  action  of  chlorine  upon  an  aqueous  solution  of  (7-nitrophenol-4- 
sulfonic  add,  the  sulfonic  radical  is  detached  with  the  production  o  4  ,6- 
dichloro-{>-nitrophenol.  This  substance  has  previously  been  prepared 
by  the  action  of  fumiog  nitric  add  upon  2,4-dichlorophenol,^  and  also  upon 
the  sulfonic  add  of  2,4-dichlQrophenol.*  It  has  also  been  produced  by 
leading  dilorine  in  4-chloro-<7-nitrophenoL^ 

The  sulfonic  add  is  prepared  by  the  action  of  5  cc.  of  fuming  sulftuic 
add  upon  4  g.  of  (^-nitrophenol^  in  the  cold  to  avoid  charring.    The  mix- 
I  Claus  and  Fhrion,  /.  praki.  Chem.,  [2]  39,  356  (1889). 

*  Zincke,  Ber,,  a6, 317  (1893). 

'  Stenhouse,  Ann.,  z63|  175  (1872). 
«  Hesse,  Ibid.,  1x7,  324  (1861). 

•  Fischer,  Ann.  Spl.,  7,  185  (1870). 

*  Armstrong,  Z.  Chem.,  1871,  p.  678. 

^  Faust  and  Saame,  Ann.  Spl.,  7,  195  (1870). 

•  Kekul^  Z.  Chem.,  1867,  p.  641. 
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ture  was  left  to  stand  for  an  hour  and  then  dfluted  with  water  and  treated 
with  chlorine.  Solid  accumulated  gradually  and  care  was  taken  to  get 
the  maximum  3deki.  The  solid  was  collected,  washed  iad  crystallized 
from  glacial  acetic  add,  yielding  6  g.  of  ydlow  cr3rstal6,  mdting  at  tia^^. 
It  was  identified  as  4,6-dichlonH>-nitrophenol. 

^Kitrophenol. 

By  the  acti6n  of  chlorine  on  an  aqueous  solution  ci  />-nitrophenol-2- * 
sulfonic  add,  the  sulfonic  add  radical  is  detached  with  the  formation 
of  2,6-dichloro-f-nitrophenol.     It  has  been  prepared  by  leading  chlorine 
through  molten  f-nitrophenol,*  and  by  nitrating  the  dichlorinated  p- 
phenol  sulfonic  add.' 

The  sulfonic  add  is  prepared  by  the  gradual  addition  of  3  cc.  of  fuming 
sulfuric  add  to  4  g.  of  ^-nitrophenol.'  The  mixtiu^  was  allowed  to 
stand  for  an  hour,  dissolved  in  water  and  treated  with  chlorine  for  some 
time,  when  there  was  a  copious  predpitation  of  a  yellow  substance.  The 
soUd  was  collected,  washed,  and  crystallized  from  gladal  acetic  add  and 
yidding  5  g.  of  light  brown  crystals,  mdting  at  125*.  The  substance 
was  identified  as  2,6-dichloro-f-nitrophenol. 

^Nitraniline. 

By  the  action  of  chlorine  upon  an  aqueous  solution  of  (7-nitraniline  sul- 
fonic add  the  sulfonic  radical  is  detached  with  the  formation  of  4,6-di- 
chloro-o-nitramline.  This  substance  has  previously  been  prepared  by 
nitrating  2,4-dichloro-acetanilide*  or  by  chlorinating  4-chloro-2-nitro- 
acetanilide,''  also  by  leading  chlorine  into  a  solution  of  o-nitraniline  dis- 
solved in  cone,  hydrochloric  add.* 

Two  g.  of  o-nitroamline  and  8  cc.  of  cone,  sulfmic  add  were  heated  to 
140-50**,  in  an  oil  bath  for  8  hours.  The  solution  was  allowed  to  cool 
and  then  diluted  with  water.  Chlorine  passed  through  the  diluted  solu- 
tion gave  at  once  a  copious  brown  predpitate,  complete  in  about  two 
hotus.  This  predpitate  was  collected,  washed  with  little  water  as  it 
is  fairly  soluble  in  water.  It  is  fredy  soluble  in  gladal  acetic  add  and 
can  be  crystallized  from  boiling  dil.  acetic  add,  yidding  btown  aystals 
which  mdt  at  100 **.  The  nearly  theoretical  yidd  of  3.75  g.  of  pure  sub- 
stance was  obtained.    It  was  identified  as  4,6-didiloro-o-mtroaniline. 

^Nitraniline. 

By  the  action  of  chlorine  gas  upon  an  aqueous  solution  of  />-nitroaniUne 
sulfonic  add,  the  sulfonic  add  radical  is  detached  with  the  formation  of 

» Schifert,  Ann,  Spl.,  7,  189  (1870). 

*  Armstrong,  Z.  Chem.,  1871,  p.  518. 

»  Post,  Ann,,  205,  38  (1880);  Komer,  Jahresb,,  1872,  p.  604. 

*  Witt,  Ber„  7,  1603  (1874). 
»  Witt,  Ibid,,  8,  820  (1875). 

*  Lauger,  Ann,,  215,  iii  (1882). 
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3,6-<fiddon)-j>-mtroaiiiUfle.    It  has  {deviously  been  obtained  by  the  action 
of  chlorine  upon  p^tattoasaiioA.^ 

Two  g*  of  /^-nitroaniHne  and  an  excess  of  cone,  sulfuric  add  were  heated 
in  afl  oit  both  to  140^0^  for  8  hours.  This  digested  iohttibn  was  altowed 
to  cool,  diluted  with  water,  and  treated  with  chlorine.  There  was  -a  copious 
predpitation,  cofnplete  in  about  a  half  hour.  The  predpitkte  when  col- 
lected, wadbed  and  crystalfized  from  glacial  acetic  add  jrielded  2.37  g. 
of  yellow  crystals  mdting  at  189^  which  were  identified  as  2,6-dich]ora'/N 
nitroaniUne. 

m^Nitraniline. 

When  m-nitraniline  is  sulfonated  with  excess  of  cone,  sulfuric  add, 
heated  in  an  oil  bath  to  140-50  **  and  chlorine  passed  into  the  diluted  sohi- 
tion  a  black  solid  gradually  separates.  Glacial  acetic  add,  benzene,  ether 
and  alcohol  failed  to  give  crystals  from  this  solid.  It  smelled  of  chloro- 
quinone  and  contained  mostly  tarry  substances. 

SalicyHc  Acid.     , 

By  the  action  of  dilorine  upon  an  aqueous  solution  of  salicylic  sulfonic 
add,  the  sulfonic  add  radicals  are  detached  with  the  formatiQn  of  3,5- 
dichloro-salicylic  add.  This  has  previously  been  prepared  by  cautiously 
heating  one  molecule  of  salicylic  add  with  3  to  4  molecules  of  antimony 
pentachloride.^  It  has  also  been  prepared  by  the  action  of  chliorine  upon 
an  acetic  add  solution  of  salicylic  add^  and  by  the  action  of  chlorine  upon 
a  cold  solution  of  saUcylic  add  in  potassittm  hydroxide.^ 

The  sulfonic  add  derivative  was  obtained  by  warming  6  g.  of  saUcylic 
add  with  10  oc.  of  cone,  sulfuric  add^  slowly  and  carefully  on  the  water 
bath  until  the  mass  becomes  soluble  in  water.  A  current  of  chlorine  was 
then  passed  through  the  solution  for  a  long  time.  The  solid  thus  obtained 
was  collected,  washed  and  crystallized  from  gladal  acetic  add,  giving 
8.3  g.  of  white  crystals  mdting  at  215**,  which  were  identified  as  3,5-di- 
chloro-salicylic  add. 

m-Oxybenzoic  Add. 

By  the  action  of  chlorine  upon  an  aqueous  solution  of  the  trisulf onic- 
m-oxybenzoic  add,. the  sulfonic  radicals  are  detached  with  the  forma- 
tion of  2,4,6-trichloro-m-oxybenzoic  add.  It  has  previously  been  pre- 
pared by  leading  chlorine  into  an  acetic  add  solution  of  w-oxybenzoic  add.* 

The  sulfonic  add  derivative  is  prepared  by  gradually  treating  10  g. 
of  m-oxybenzoic  add  at  250®  with  a  mixture  of  10  cc.  of  cone,  and  20  cc. 

*  Koraer.  Jahresb.,  1875,  323;  Witt,  Ber.,  8,  143  (1875). 
■  Lossner,  /.  prakt.  Chem.,  [2]  13,  429  (1876). 

»  Smith,  Ber.,  11, 1225  (1878). 

^  Tarugi,  Gazz,  chim,  Ual.,  30,  II,  487  (1900). 

*  Remsen,  Ann.,  179,  107  (1876). 

*  Zincke,  Ibid,,  a6i,  239  (1891). 
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of  ftisning  sulfuric  add.  Five  g.  of  phosphorus  pentoxide^  was  then  added 
and  the  whole  was  gradually  heated  on  the  sand  bath  to  350^  for  8  hours. 
The  mass  was  then  oooled  and  dissolved  in  a  large  volunte  of  water.  The 
sedation  was  filtered  from  any  undissolved  substance  and  treated  with 
chlorine  for  12  hours  when  there  whs  a  oopious  precipitation;  care  was 
taken  to  get  the  maximum  yields  The  solid  was  ccdlected,  washed  and 
crystallized  from  dil.  acetic  acid,  and  thus  obtained  in  a  yidd  of  12  g. 
of  white  oystals  rndting  at  104-5^.  It  was  identified  as  2,4,6-trichloro- 
m-oxybenzoic  add.  A  small  amount  of  tetrachloroquinone  was  also 
formed  as  a  secondary  product. 

/nOxybenzoic  Acid. 

By  the  action  of  chlorine  upon  an  aqueous  solution  of  3-sulfonic-/>- 
oxybenzoic  add,  the  sulfonic  radical  is  replaced  with  the  formation  of 
3,5-dichloro-/>-oxybenzoic  add.  It  has  previously  been  prepared  by  the 
action  of  antimony  pentachloride  on  f -oxybenzoic  add.*  It  is  also  easily 
obtained  by  leading  chlorine  into  a  10%  acetic  add  solution  of  m-oxyben- 
zoic  add.' 

The  sulfonic  add  was  prepared  by  treating  7  g.  of  f -oxybenzoic  add 
with  a  mixture  of  5  cc.  of  cone,  and  5  cc.  of  fuming  sulfuric  adds  and 
carefully  heating  on  the  sand  bath.  The  mass  solidified  at  first,  where- 
upon another  10  cc.  of  fuming  sulftnic  add  was  gradually  added  to  it. 
The  heating  was  continued  for  8  hours,  when  the  mass  was  found  to  dis- 
solve completdy  in  water.  Chlorine  was  passed  into  this  solution  for 
8  hours,  predpitating  a  solid  substance  which  was  collected,  washed  and 
crystallized  from  gladal  acetic  add,  yidding  5  g.  Of  a  white  solid  whidi 
melted  with  decomposition  at  255-6^.  It  was  identified  as  3,5-dichloro- 
p-oxybenzoic  add. 

Investigations  along  similar  lines  are  being  continued. 

Oiu-  thanks  are  due  to  Wolcott  Gibbs  Memorial  Fund  for  a  grant  de- 
fra3dng  part  of  the  expenses  of  the  investigation. 

CAZfCUTTA,   InPIA. 

»  Kretschy,  Bet.,  xi,  858  (1878). 

*  Loessner,  /.  praki,  Ckem.,  [2]  13,  434  (1876). 

*  Ziadkt,  Ann.,  a6Z|  250  (1891). 
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[CONtUBUnON  FROM  Tim  UmVERSTTY  COLLBGB  OP  SCIENCE  OF  CALCUTTA.] 

REPLACEMENT  OP  SULFONIC   GROXTPS  BY  NITRO   GROUPS 
BY  MEANS  OF  NITROUS   GASES. 

By  Rask  Lal  Batta  and  Phuldbo  Sahaya  Varma. 

Received  September  5,  1919. 

The  replacement  of  sulfonic  add  groups  by  nitro  groups  has  not  hitherto 
been  studied  although  a  few  isolated  instances  of  this  sort  are  to  be  foimd 
in  the  literature.  Thus,  Neville  and  Winther^  obtained  dinitrocresol 
from  (7-,  W-,  and  f-cresol  sulfonic  adds  by  the  action  of  nitric  add;  Werner 
and  Kdbe*  prepared  dinitro-bromothjrmol  from  /9-bromoth)rmol  sulfonic 
add,  and  a-nitro-bromothymol  from  a-bromothymol  sulfonic  add;  Michler 
and  Walder*  obtained  mononitro-dimethylaniiine  from  dimethylaniline 
sulfonic  add  by  the  action  of  sodium  nitrite  and  sulfuric  add. 

It  has  been  found  that  this  replacement  can  be  effected  very  easily 
by  means  of  nitrous  gases,  and  that  in  the  course  of  the  reaction  more 
nitro  groups  frequently  enter  the  molecule  with  the  formation  of  highly 
nitrated  compounds.  In  fact,  it  has  been  found  that  those  nitrations 
which  hitherto  have  been  achieved  only  by  means  of  strong  nitric  add 
or  by  means  of  nitric-sulfuric  add  mixtiu-es,  can  often  be  smoothly  and 
easily  brought  about  by  the  above  method.  Again  many  nitrations  which 
cannot  be  brought  about  at  all  by  nitric  add  can  be  smoothly  accom- 
plished by  this  method. 

This  reaction  is  further  useful  in  duddating  the  constitution  of  nitro 
bodies  derived  from  known  sulfonic  adds.  The  mechanism  of  the  reaction 
may  in  all  probability  be  represented  thus: 

NO 
R.SO,OH  +  I      =  R-NOj  +  NOSOaOH 
NO2 
The  nitrous  gases  react  upon  the  sulfonic  add  with  the  formation  of  the 
nitro  derivative  and  nitrosyl  sulftuic  add.    The  nitrosyl  sulfuric  add 
in  aqueous  medium  decomposes  again  into  sulfuric  add  and  nitrous  gases 
which  continue  further  action  in  the  same  way. 

The  replacement  of  sulfonic  group  by  the  nitro  group  in  phenol  and 
cresol  sulfonic  adds  with  the  formation  of  2,4,6-trinitrophenol  and  tri- 
nitrocresol,  respectivdy,  has  already  been  described.* 

The  following  general  behavior  can  be  noted:  Aromatic  compounds 
which  are  already  substituted  by  hydroxyl  or  halogen  radicals  have 
been  found  to  be  nitrated  readily  with  the  replacement  of  the  sulfonic 
group.    In  some  cases  more  nitro-groups  enter  the  ring  in  suitable  posi- 

*  Ber,,  13, 1946  (1880). 
« Ibid.,  x6,  617  (1883). 
»/«J.,  14,2176  (1881). 

*  Datta  and  Varma,  U,  S,  pat.  1,292,266  (1919)- 
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tions.  In  the  case  of  carboxylic  adds  of  hydroxy  compounds,  not  only 
the  sulfonic  group  but  also  the  carboxyl  group  is  replaced  with  the  forma- 
tion of  nitro-bodies.  If ,  the  compound  does  not  already  contain  substi- 
tuted hydroxyl,  and  halogen  groups,  the  replacement  does  not  take  place 
at  all,  as  in  the  case  of  benzene  sulfonic  add  which  remains  tmacted  upon 
on  treatment  with  nitrous  gases. 

The  following  detailed  results  have  been  obtained:  {7-CresQl-3-sulfonic 
add  and  o-crcsol-4-sulfonic  add  yield  3,4-dinitro-o-cresol;  (7-cresol-3,5- 
disulfonic  add,  3,5-dinitro-o-cresol;  m-cres<d-6-sulfonic  add  and  w-cresol- 
2,6-disulfonic  add,  2,4,6-trinitro-w-cresol;  ^-cresol-3-sulfonic  add  gives 
3,5-dinitro-p-cresol;  1,2,4-xylenol  gives  3,5-dinitro-i,2,4-xylenol;  1,3,4- 
xylenol  yidds5-nitro-i,3,4-xylenol;  1,4,5-xylenol  gives  2-nitro-i^4,5-xylenol; 
thymol  sulfonic  add  yidds  6-nitroth3miol;  resordnol  disulfonic  add  yidds 
2,4,6-trinitro-resordnol;  anisol  and  phenetol  sulfonic  adds  give  2,4- 
dinitrophenol,  the  alkyloxyl  group  being  hydrolyzed  in  both  the  cases; 
o-nitrophenol-4-sulfonic  add,  m-nitrophenol  sulfonic  add  and  p-nitio- 
phenol  sulfonic  add  give  2,4,6-trinitrophenol.  o-Oxybenzoic  add  and 
^-oxybenzoic  add  yidd  2,4,6-trinitrophenol,  whereas  m-oxybenzoic  add 
3ddds  2,4,6-trinitro-resordnol;  3,5-dinitro-(7-cresd[  can  be  obtained  from 
d>-cresotonic  add  (1:2:3);  2,4,6-trimtro-m-cresol  from  m-cresotonic 
add  (1:3:  4);  and  3,5-dinitro-f-cresol  from  ^-cresotonic  add  (1:4:  3). 
Sulfonic  adds  of  chlorobenzene,  bromobenzene  and  iodobenzene  yidd 
^-chloronitrobenzene,  f-bromonitrobenzene  and  ^-iodonitrobenzene,  re- 
spectivdy.  (7-Iodotoluene  gives  ^-nitro-o-iodotoluene.  Benzyl  cyanide 
has  been  found  to  give  f -nitrobenzyl  qranide.  Anthraquinone-j8-sulfonic 
add  yidds  )3-nitro-anthraquinone. 

These  interactions  are  generally  effected  in  aqueous  solutions,  with  the 
passage  of  nitrous  gases  to  saturation.  Finally  the  nitro  compoimds 
are  crystallized  from  the  solution. 

Experimental. 
o-Cresol.    Preparation  of  3y4-Dinitro-<>-cresol  and  3,5-Dinitro-(7-cr6Sol. 

o-Cresol-3-sulfonic  add  was  prepared  according  to  the  method  de- 
scribed by  Claus  and  Jackson.*  The  crude  product  after  sulfonation  was 
distilled  in  steam  to  free  it  from  unchanged  o-cresol.  To  the  diluted 
solution  of  (7-cresol-3-sulfonic  add  nitrous  gases  were  added  imtil 
absorption  was  complete.  The  solution  was  evaporated  until  crystals 
appeared  and  cooled,  when  the  greater  part  of  it  crystallized.  The  crys- 
tals were  drained,  washed  with  a  small  quantity  of  water  and  finally  re- 
aystallized  from  absolute  alcohol  when  they  mdted  sharply  at  89.5®. 
As  this  mdting  point  did  not  correspond  with  that  of  any  known  nitro- 
compotmd  of  (7-cresol  the  substance  was  analyzed  and  was  found  to  be  a 
dinitro-(7-cresol: 

«  /.  prakt.  Chem.,  [2]  38,  333  (1888). 
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Subs.,  o.ioii:  13.4  cc  Ni  at  29*  and  745.5  mm. 

Calc.  for  C«Ht.CHi(OH)(NOi)t:  N,  14.14.    Found:  14.70. 

o*Cre8ol-4-8tilfonic  acid  was  prepared  by  digesting  equimolecular 
quantities  of  o-cresol  and  strong  sulhuic  add.^  On  treating  this  with 
nitrous  gases  as  before  the  same  dinitro-compound  melting  at  89.5^ 
was  obtained,  ^nce  this  dinitro-compotmd  is  obtained  both  from  o- 
cresol-3-sulfonic  add  and  o-Gresol-4-8ulfonic  add,  the  substance  obtained 
is  evidently  3,4-dinitro-<?-cre8ol. 

o-Cre8ol-3i5-di8u]fonic  add  was  prepared  by  dissolving  o-cresol 
in  fuming  sulfuric  add  and  warming  the  mixture  for  some  time  on  the 
water  bath.*  The  crude  mixture  was  distilled  in  steam  to  free  it  from 
unchanged  cresol  which  otherwise  chars  under  the  influence  of  nitrous 
gases,  diminishing  the  3ddd  and  giving  an  impure  product.  The  result- 
ing solution  was  saturated  with  nitrous  gases  and  evaporated  on  the  water 
bath  until  crystals  separated.  These  were  recrystallized  from  alcohol 
and  then  mdted  at  85®.  This  substance  was  identified  as  3,5-dinitro-o- 
cresol.    The  jridd  was  about  70%  of  the  theoretical  amotmt. 

m-Cresol.  Preparation  of  2,4,6-Trinitro-m-cresol. 
m-Cre8ol-6-sulfonic  acid  was  prepared  by  mixing  equimolecular 
quantities  of  m-cresol  and  strong  sulfuric  add  according  to  the  method 
of  Claus  and  Kraus.'  The  resulting  product  was  distilled  in  steam  to 
get  rid  of  tmchanged  m-cresol.  After  saturating  with  nitrous  gases  and 
evaporating,  crystals  were  obtained.  These  on  recrystallization  from 
alcohol  gave  pure  2,4,6-trinitrO'W-crcsol,  mdting  at  109-10°  which  was 
further  identified  by  analysis: 

Subs.,  0.1103:  17.7  cc.  Ni  (28**  and  746  mm.). 

Calc.  for  CH(CH,)(N0t)8.0H:  N  -  17.30.    Found:  17.70. 

The  ]aeld  of  trinitro-m-cres61  was  about  50%  of  the  theoretical  amount. 
m-Cres<d«2,6-di8ulfonic  acid  was  prepared  from  one  part  of  m-cresol 
and  6  parts  of  strong  sulfuric  add,  wanned  for  about  6  hours  at  120-60°.^ 
The  product  was  purified  from  tmchanged  m-cresol  and  sattu'ated  with 
nitrous  gases.  On  evaporating  and  cooling,  crystals  of  2,4,6-trinitro- 
m-cresol  were  obtained  which  on  crystallization  from  alcohol  mdted  at 
109-10®. 

^Cresol.    Preparation  of  3,5-Dinitro-p-cresol. 
^Cre8ol-3-sulfonic  acid  was  prepared    by  adding  fuming  stdftuic 
add  gradually  to  j>-cresol,  the  vessd  containing  the  mixture  being  cooled 
from  time  to  time  in  ccdd  water  and  the  mixtture  all  along  shaken  vigor- 
ously.   It  was  distilled  in  steam  in  the  usual  manner  to  free  it  from  tm- 

>  Engelhardt  and  Latschinow,  Z,  Chem,,  1869,  p.  620;  Haulke,  Ber,,  ao,  340  (1887). 

*  Claus  and  Jackson,  Loc.  cit. 

» Ber.,  ao,  3089  (1887). 

^  Claus  and  Kraus,  Loc.  oU. 
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changed  cresol.  On  passing  nitrous  gases,  a  precipitate  began  to  form, 
the  quantity  increasing  with  the  passing  of  the  gas.  During  the  absorp- 
tion of  the  gas  much  heat  was  developed  and  it  was  necessary  to  keep 
the  mixture  cold  by  immersing  the  vessel  in  cold  water.  The  product 
was  collected  and  reoystallized  from  absolute  alcohol  when  it  melted  at 
84°,  and  was  identified  as  3,5-dinitro-^-cresol.  If  the  passing  of  the 
nitrous  gases  be  continued  for  a  sufficiently  long  time,  much  oxalic  add 
is  formed  as  a  result  of  destructive  oxidation. 

1,24-Xylenol.    Preparation  of  3,5-Dinitro-i,24-xylenoL 

i|24-Xylenol  sulfonic  acid  was  prepared  by  heating  on  the  water  bath 
for  about  V2  hotur  10  g.  of  xylenol  and  20  cc.  of  cone,  stdfuric  add.  The 
product  was  then  diluted  with  water  and  treated  with  nitrous  gases.  The 
solution  turned  dark  in  color  at  once  and  a  black,  resinous  mass 
was  deposited  on  the  surface,  some  dark-colored,  thidc  liquid  settling  at 
the  bottom  of  the  vessd.  A  considerable  quantity  of  heat  was  devdoped. 
The  passing  of  the  nitrous  gases  was  continued  for  nearly  an  hour  when 
the  black,  resinous  mass  and  the  separated  oil  were  transformed  gradually 
into  a  ydlow  solid  product  which  on  crystallization  from  alcohol  gave 
bright  ydlow  crystals  mdting  at  125-6°  and  identified  as  3,5-dinitro- 
1,2,4-xylenol.    The  yidd  was  nearly  quantitative. 

i^a^-Xylenol.    Preparation  of  5-Nitro-i|34-xylenoL 

1934-Xylenol  sulfonic  acid  was  obtained  by  heating  on  the  water 
bath  for  2  to  3  hours  10  cc.  of  the  xylenol  with  25  cc.  of  a  mixture  of  equal 
quantities  of  fuming  and  cone,  sulfuric  adds.  The  mixture  was  distilled  in 
steam  to  free  it  from  unchanged  xylenol,  diluted  with  water  and  then 
treated  with  nitrous  gases.  The  solution  began  to  turn  turbid  and  the 
color  changed  from  dark  to  yellow,  dearing  in  30  to  40  minutes,  when 
a  considerable  quantity  of  ydlow  solid  product  collected  on  the  surface 
of  the  liquid.  This  solid,  oystallized  from  alcohol,  gave  beautiful  crystals 
mdting  at  72**,  which  were  identified  as  5-nitro-i,3,4-x^enol. 

iy4}5-Xylenol.    Preparation  of  2-Nitro-iy4,5-X7lenol. 

i^iS-Xylenol  was  sulfonated  by  mixing  10  g.  of  xylenol  and  20  cc.  of 
cone,  sulfuric  add  and  heating  on  the  water  bath  for  about  an  hour. 
The  product  was  diluted  with  water  and  treated  with  nitrous  gases.  The 
solution  was  at  first  dark  green  in  color,  an  emulsion-like  product  being 
formed;  but  after  some  time  the  solution  became  dear  with  the  separation 
of  a  yellow,  solid  product  which  on  crystallization  from  benzene  yidded 
light  yellow  crystals  mdting  at  116-7°,  identified  as  2-nitro-i,4,5-xylenol. 
The  yidd  was  quantitative. 

Thymol.    Preparation  of  6-mtroth]rmol. 

Thymol  sulfonic  acid  was  prepared  by  heating  thymol  with  fuming 
sulfuric  add  at  160-80°  on  a  paraffin  bath  for  about  two  hours  and  a 
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half  .^  A  dark*oo}ored,  viscid  mass  was  obtained.  This  was  mixed  with  a 
amall  quantity  of  water  and  allowed  to  stand*  when  it  solidified  on  csooling. 
The  solid  was  removed  and  purified  by  suction.  The  product  was  dissdved 
in  water  and  the  treatment  with  nitrous  gases  continued  for  3  hours 
sinceihe  reaction  is  very  shi^^^ish.  The  solution  was  evaporated  on  the 
water  bath  when  an  oil  separated  which  solidified  on  cooling.  This,  when 
recrystaHi^ed  from  alcohol,  mdtted  at  130^  and  was  identified  as  6-nitro- 
thymd.  The  tiiother  Uquor,  after  the  separation  of  oystals,  gave  a 
small  yield  of  oxalic  add  due  to  exhaustive  oxidation. 

Resorcinol.  Preparation  of  2y4,6-Trinitro-re8orcinol. 
Resorclnol  disulfonic  acid  was  prepared  by  adding  one  part  of  re- 
sorcinol to  about  two  parts  of  fuming  sulftuic  add  and  heating  on  the 
water  bath  for  about  an  hour.*  The  dark-colored  product  after  diluting 
with  water  was  treated  with  nitrous  gases  when  the  color  deared  to  yellow 
at  the  end  of  the  reaction.  On  evaporating  on  the  water  bath  crystals 
were  obtained  which  on  recrystallization  from  alcohol  gave  fine,  yellow 
crystals,  mdting  at  175-^^.  This  was  identified  as  2,4,6-trinitro-resorcinol. 
The  yield  was  good. 

Anisol.    Fonnation  of  24-Dinitrophenol. 
Equal  volumes  of  anisol  and  sulfuric  add  were  thoroughly  mixed  and 

•  heated  on  the  water  bath  for  about  an  hotu*.  The  liquid  obtained  was  then 
diluted  with  water  and  nitrous  gases  were  passed  into  it  for  about  an 
hoar  and  a  }udf .  The  resulting  solution  was  concentrated  on  the  water 
bath  until  on  cooling  the  liquid  partly  solidified.  The  substance  was  sep- 
arated and  recrystallized  from  alcohol  when  it  mdted  sharply  at  115^. 
It  was  identified  as  3»4-dinitro-phenol. 

Subs.,  0.12x6:  174  cc.  Nt  (30**  and  760  mm.). 

Calc.  for  CeHt(NOi)«OH:  N  «  15.22.    Pound:  15.9a, 

Besides  the  usual  replacement  and  nitration,  the  metfaoxyl  group  is  here 
hydrolyzed  to  bydroxyl  under  the  influence  of  nitrous  gases, 

PhenetoL  Fonntiiott  of  a,4«Dii^tr<qihenid. 
Bqual  vdtoies  of  phenetol  and  sulfuric  add  were  heated  on  the  water 
bath,  iand  the  product  mixed  with  water  and  treated  with  nitrous  gases. 
The  resulting  solution  on  concentration  partially  solidified.  The  solid 
was  collected  and  recrystallized  from  alcohol  when  it  mdted  at  ii5--6^ 
and  was  identified  as  2,4-dinitrophenol.  The  reaction  here  is  strictly 
analogous  to  the  one  with  anisoL 

*  '  ^  Engelhardt  and  Latschinow,  Z.  Ckem.,  1869,  p.  44.  Lieberman  (Ber.,  10,  612 
(i8t7))  prepared  6-nitrothymol  by  the  action  of  nitric  add  on  an  aqueous  90ltition  of 
tlie  correspondinf  sulfoiie  add. 

«  Tideachi,  Ber.,  ax,  1267  (1^8). 
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o-NitrophenoL  Fomatiea  of  a,4j6"TriaitrophmoL 
o-Nitrophenol  was  sulf  oaated  by  adding  in  small  quantities  at  a  time 
oat  and  a  faaU  tnokctdar  weiglit  of  ccMnparatively  weak  fumiiig  snlfuiic 
add  to  one  molecular  weight  of  the  substance.  Durisig  the  addition  of 
the  add  much  heat  was  evdved  and  the  vessd  was  cooled  bom  time  to 
time  to  prevent  any  loss  by  diarring  and  other  side  reactions.  When 
the  addition  of  the  add  was  complete,  the  mixture  was  heated  lor  neaify 
an  hour  on  the  water  bath.  It  was  diluted  with  waAer,  filtered  to  separate 
the  few  blade  partides  present  and  treated  wil^.  nitrous  fumes.  The 
solution  obtained  after  sulfonating  the  sdtrapbtmol  was  yellow  in  cdor. 
During  the  passage  of  the  gases  very  little  change  in  color  of  the  solution 
took  place.  The  solution  was  then  evaporated  on  a  water  bath  till  a 
solid  incrustation  had  formed  On  oooUng,  more  solid  predpitate  was 
obtained.  This  was  separated,  dried  and  recryst^llized  from  alcohol. 
It  was  identified  as  2,4,6-trimtrophenol.  The  theoretical  yidd  was  ob- 
tained. 

m-Nitrophenol.  Formation  of  2|4^Trinitro-re8orcinoL 
m-Nitrophenol  was  sulfonated  by  mixing  one  molecular  weight  of 
nitrophenol  with  one  and  a  half  molecular  wdghts  of  fuming  sulfuric  add 
the  latter  being  added  drop  by  drop.  During  the  addition,  the  mixture 
was  kept  cooled  by  cdd  water.  When  the  whole  of  the  add  had  been 
added,  the  mixture  was  heated  on  the  water  bath  for  ludf  an  hour.  It 
was  diluted  with  water,  filtered  from  the  few  black  partides  present,  and 
then  submitted  to  the  action  of  nitrous  gases  for  nearly  two  hotus.  The 
sohition,  originally  dark  in  color,  changed  gradually  to  pale  yellow,  and 
when  the  action  was  complete,  was  evaporated  on  the  water  bath  until  a 
crust  formed  on  the  stuiace.  More  sdid  was  obtained  on  cooling  whidi 
was  separated  by  filtration,  dried  and  crystallized  from  absolute  alcohol, 
when  it  mdted  sharply  at  174-5**  and  was  found  to  be  trinitro-resordnol. 
The  jridd  wa$  quantitative. 

/^-introphenol.  Formation  of  2496-TriidtiDphenoL 
^Nitrophenol  was  dSssotvtd  in  a  little  more  than  the  equimolecular 
quantity  of  fuming  sulfuric  add  and  the  mixture  heated  cm  the  water  bath 
for  about  half  m  hotu-*  The  pK>duct  w$b  dissolved  in  wat^  and  the  un- 
dissolved solid  partides  were  removed  by  filtration.  The  soluti<m  thus 
obtained  waa  dsrk^colored  and  waSi  thet>^ore,  treaty  wi^  smmal  char- 
coal* Nitrous  gases  were  passed  through  tb^  filtrate  for  about  45  mimites 
and  were  readily  absorbed,  the  color  changing  from  dark  to  greenish  yellow 
and  finally  yeUow.  The  solution  was  concentrated  on  the  water  bath 
and  allowed  to  ooo)i,  when  solid  crystals  were  obtained  which  mdted  at 
122  ^  after  recrystallization  from  alcohol.  This  substance  has  been  identi- 
fied as  2,4,6-trinitrophenol.    The  yidd  was  §oo4 
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0-Oiybenzoic  Add.  Fonoatlon  of  2y4,6-TrinitrophenoL 
SalicyHc  acid  was  dissolved  in  cone,  sulfuricacid  (one  molectilar  weight 
of  the  f<mner  with  one  and  a  half  molectilar  weights  erf  the  latter)  and  the 
mixture  heated  on  the  water  bath  for  nearly  one  hom*.  The  sohitton 
thus  obtained  was  diluted  with  water  to  3  times  its  volume  and  nitrous 
fumes  were  passed  into  it  for  nearly  two  hours.  The  dark-colored  solu- 
tion changed  gradually  to  yellow.  During  the  passage  of  the  fames 
through  the  solution  there  was  considerable  evolution  of  carbon  dioxide. 
The  solution  obtained  was  concentrated  by  heating  on  the  water  bath 
and  cooling,  giving  beautiful,  yellow  crystals  which  proved  on  drying  and 
crystallizing  from  alcohol  to  be  2,4,6-trinitrophenol,  melting  at  122.5  **. 
A  quantitative  yield  was  obtained. 

m«Oxybenzoic  Add*  Formation  of  24|6-Trinitro-re8orcinoL 
m-Oxybenzoic  acid  does  not  appear  to  form  a  sulfonic  acid  very  easily 
with  cone  sulfuric  add.  The  oxybenzoic  add  was  dissolved  in  funmig 
sulfuric  add  and  the  mixture  heated  on  a  water  bath  for  nearly  3  hours. 
The  dark-colored  Hquid  thus  obtained  was  diluted  with  water  and  treated 
with  nitrous  f uines  until  no  more  heat  was  evolved  and  the  formation 
of  gas  in  the  solution  had  practically  ceased.  The  solution  was  then 
concentrated  until  a  crust  formed.  It  was  then  cooled  when  a  large 
quantity  of  yellow  product  was  obtained,  which  on  separation  and  crys- 
tallization was  identified  as  2,4,6-trinitro-resorcinol,  mdting  at  175.5  **. 
The  yidd  was  good. 

p-Oxybenzoic  Acid.  Formation  of  a,4,6-Trinitrophenol. 
A  mixture  of  10  g.  of  /^-oxybenzoic  add  dissolved  in  20  cc.  of  fuming 
sulftuic  add  was  heated  on  a  water  bath  for  af>out  two  hours  and  a  haU. 
The  product  was  dissolved  in  water  and  treated  with  nitrous  gases  until 
no  more  heat  was  evolved.  Gas  was  evolved  from  solution,  and  at  a  certain 
stage  the  evolution  was  so  rapid  as  to  give  the  appearance  of  brisk  boil- 
ing. During  this  period  the  color  of  the  solution  changed  from  dark  to 
greenish  and  finally  yellowish  green.  In  about  an  hotu:  and  a  half  the 
operation  was  stopped  and  the  solution  concentrated  till  a  solid  incrusta- 
tion formed  on  the  surface  of  the  liquid.  On  cooling,  crystals  separated 
which  on  recrystallization  from  water  mdted  at  122.5°  and  were  identi- 
fied as  2,4,6-trinitrophenol.    The  yidd  was  quantitative. 

{>-Cre80tonic  Acid  (1:2:3).  Formation  of  3,s-Dinitro-o-cresol. 
A  mixture  of  10  g.  of  o-cresotcmic  add  with  30  cc.  of  fuming  sulfuric 
add  was  thoroughly  shaken  and  heated  on  a  water  bath  for  about  one 
hour  and  a  half.  The  dark-colored  liquid  thus  obtained  was  dissolved 
in  water  very  carefully  by  adding  small  quantities  to  cold  water.  Nitrous 
gases  were  then  passed  through  this  dark-colored  solution  when  gas  evolu- 
t|Q|i  set  up  gradually,  and  in  less  ^an  half  an  hour  the  solution  became 
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turbid  and  a  yellow  precipitate  began  to  form.  In  an  additional  half 
hour  the  precipitation  was  found  to  be  complete,  leaving  a  dear  solution. 
The  solid  was  dried  and  recrystallized  from  alcohol  when  it  melted  at 
S5--6^  and  was  identified  as  3,5-dinitro-o-cresol.  The  yield  was  quanti- 
tative. 

m-Cresotonic  Acid  (1:3:4).    Fonnation  of  24,6-Trinitro-m*cre8oL 

The  sulfonic  add  derivative  of  this  substance  was  prepared  by  dis- 
solving 10  g.  of  w-cresotonic  add  in  20  cc.  of  fuming  sulfuric  add  and 
heating  the  mixture  on  a  water  bath  for  one  hour  and  a  half  only.  The 
dark-colored  liquid  was  added  drop  by  drop  to  cold  water  and  the  result- 
ing solution  submitted  to  the  action  of  nitrous  gases,  when  as  in  the  case 
of  o-cresotonic  add,  effervescence  commenced,  heat  was  evolved,  and  the 
solution  became  turbid.  In  an  additional  half  hour  the  formation  of 
the  yellow  predpitate  was  complete,  the  passing  of  the  gases  being  con- 
tinued until  no  more  heat  evolution  cotdd  be  noticed.  The  product  was 
concentrated  on  the  water  bath  when  the  predpitate  dissolved,  but  it 
repredpitated  in  copious  quantity  on  cooling.  It  was  filtered  and  crys- 
tallized from  alcohol  3  times  when  it  melted  sharply  at  109-10**,  and  was 
identified  as  2,4,6-trinitro-m-cresol. 

^Cresotonic  Acid  (i :  4: 3).    Fonnation  of  3,5-I>initro-/M:resol. 

By  the  action  of  nitrous  fumes  on  the  sulfonic  add  derivative  of  p- 
cresotonic  add,  3,5-dinitro-/?-cresol  was  obtained  in  theoretical  yidd  in 
a  high  state  of  purity.  The  sulfonic  add  derivative  consists  of  colorless, 
fine,  needle-shaped  crystals  not  quite  so  easily  soluble  as  the  sulfonic  add 
derivatives  of  the  other  cresotonic  adds.  It  was  prepared  by  dissolving 
10  g.  of  the  f -cresotonic  add  in  20  cc.  of  fuming  sulfiuic  add  and  Iieating 
the  mixture  for  nearly  two  hours  on  a  water  bath.  When  the  action  was 
complete  the  product  was  mixed  with  water  and  at  once  solidified  to  a  mass 
of  fine  crystals,  which  were  dissolved  in  water  and  submitted  to  the  action 
of  nitrous  fumes.  A  solid  formed  on  the  surface  of  the  liquid  with  the 
liberation  of  much  heat  and  the  evolution  of  minute  bubbles  of  gas.  When 
no  sign  of  further  reaction  could  be  noticed,  the  operation  was  stopped 
and  the  solid  separated,  dried  on  a  porous  plate  and  crystallized  from  al- 
cohol. The  mother  liquor  was  concentrated  on  the  water  bath  and  more 
solid  obtained  on  cooling.  These  beautiful,  yellow  crystals  proved  to  be 
3,5-dinitro-/>-cresol,  mdting  at  84°. 

Chlorobenzene.    Preparation  of  ^Nitrochlorobenzene. 

Equal  volumes  of  chlorobenzene  and  strong  sulfuric  add  were  mixed 
and  heated  on  the  water  bath  for  about  two  hoturs.  Nitrous  fumes  were 
then  bubbled  through  the  solution  for  nearly  two  hours  after  which  no 
more  action  between  the  substances  could  be  noticed.  The  action  in  this 
case  was  slower  than  in  the  case  of  iodo  and  bromobeipsm^  sulfonic  adds. 
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No  solid  appeared  in  this  case,  but  by  pouring  the  liquid  in  cold  water, 
a  soUd  separated  from  solution.  It  was  filtered  off,  dried  and  recrystallized 
from  alcohol,  when  it  melted  sharply  at  82-3^,  and  has  been  identified 
as  p-nitrochlorobenzene. 

Bromobenzene.    Preparation  of  /v-Nitrobromobenzene. 

Equal  volumes  of  bromobenzene  and  fuming  sulfuric  add  were  mixed 
and  heated  on  the  water  bath  for  about  an  hour.  The  solution  was 
then  slightly  diluted  with  water  and  treated  with  nitrous  gases  for  half 
an  hour,  when  crystals  began  to  form  on  the  sides  of  the  vessel.  The 
solution  was  shaken  from  time  to  time  and  to  prevent  too  much  rise  of 
temperature,  the  vessel  was  cooled  by  immersing  in  cold  water.  When 
the  action  slackened,  the  liquid  was  poured  into  a  large  volume  of  water 
whereupon  the  solid  product  precipitated.  The  whole  operation  did  not 
take  more  than  an  hour.  The  solid  on  oystallization  from  glacial  acetic 
add  proved  to  be  ^-nitrobromobenzene,  mdting  at  116-27**. 

lodobenzene.    Preparation  of  /^Nitroiodobenzene. 

lodobenzene  sulfonic 'add  was  prepared  by  shaking  thoroughly  equal 
volumes  of  lodobenzene  and  fuming  sulfuric  add  and  heating  the  mixture 
on  a  water  bath  for  an  hour.  It  was  cooled  and  then  submitted  to  the 
action  of  nitrous  gases.  In  a  few  minutes  a  copious  predpitate  formed, 
to  which  water  was  added  to  effect  a  complete  separation  of  the  solid. 
The  latter  was  separated  by  decantation,  dried  on  a  porous  plate  and 
crystallized  from  benzene.  It  mdted  sharply  at  170-1**  and  was  identi- 
fied as  p-nitroiodobenzene. 

o-Iodotoluene.    Preparation  of  /^Nitro-o-iodotoluene. 

c?-Iodotoluene  was  mixed  with  twice  its  volume  of  fuming  sulfuric  add 
and  heated  for  4  hours,  when  the  reaction  seemed  to  be  complete.  It 
was  then  diluted  with  water  and  submitted  to  the  action  of  nitrous  fumes 
for  2  to  3  hours.  The  action  was  comparatively  slow,  and  when  no  more 
heat  was  evolved  the  current  of  nitrous  gases  was  discontinued,  the  mixture 
shaken  thoroughly  and  poured  into  a  large  volume  of  water,  when  a  solid 
product  was  obtained  which  on  repeated  crystallization  mdted  at  102^. 
It  was  identified  as  ^-nitro-o-iodotoluene.  The  yidd  was  good  although 
not  quantitative,  due  probably  to  the  incomplete  formation  of  the  sulfonic 
add. 

Benzyl  Cyanide.    Preparation  of  ^Nitrobenzylcyanide. 

By  the  action  of  nitrous  gases  on  benzyl  cyanide  dissolved  in  strong 
sulfuric  add,  /'-nitrobenzylcyanide  was  obtained.  This  compound  has 
been  previously  obtained  by  the  action  of  5  parts  of  nitric  add  on  one 
part  of  benzyl  cyanide. 

A  mixture  of  10  cc.  of  strong  sulfuric  add  and  10  cc.  of  benzyl  cyanide 
was  well  shaken  for  about  15  minutes  and  then  heated  on  a  water  bath  for 
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an  hour.  The  action  was  very  vigorous  at  first  and  the  solution  became 
a  dark-colored,  viscous  mass.  This  was  dissolved  in  water  and  treated 
with  nitrous  gases,  when  mudi  heat  was  evolved  with  the  formation  of 
a  dark,  oily  product.  This  oil  was  separated  and  allowed  to  stand  nntil 
the  change  into  a  yellow  product  was  complete.  On  recrystallization  from 
acetic  add  the  substance  melted  at  83  ^,  and  was  identified  as  /^-nitrobenzyl- 
cyanide. 

Anthraquinone.    Preparation  of  jS-Nitro-anthraquincme. 

A  mixtture  of  10  g.  of  anthraquinone  and  10  cc.  of  ftuning  sulfuric  add 
was  heated  on  a  parafiin  bath  for  about  2  hours,  and  the  product  dissolved 
in  water  and  treated  with  nitrous  gases.  When  reaction  was  complete, 
the  solution  was  evaporated  and  a  yellow  solid  obtained.  It  was  soluUe 
in  chloroform  and  acetone,  from  which  on  crystallization  a  product  melt- 
ing at  180^  was  obtained,  which  was  identified  as  /3-nitro-anthraquinone. 

Additional  investigations  along  similar  lines  are  being  made. 

Calcutta,  India. 


[Contribution  prom  the  Department  op  Chemistry,  University  op  California.  1 

TETKAPHENYLDIARSINE. 

By  C.  W.  Porter  and  Parry  Borgstrom. 
Received  September  6,  1919. 

The  earliest  attempt  to  prepare  tetraphenyldiarsine  was  made  by 
LaCoste  and  Michaelis^  who  heated  diphenylchloroarsine,  (CtHs)tAsCl, 
with  zinc  in  a  sealed  tube  at  loo^.  The  oystalline  body  they  obtained 
melted  at  154^,  and  analyses  showed  53.01%  carbon  instead  of  62.88%, 
the  theoretical  value.  Lack  of  material  prevented  them  from  making 
further  examination  of  this  body. 

Two  years  later  Michaelis  and  C.  Schulte*  reported  the  preparation 
of  tetraphenyldiarsine  by  heating  tetraphenyldiarsine  oxide,  (CeHOiAsiO, 
in  absolute  ethyl  alcohol  with  phosphorous  add.  It  was  found  to  be  a 
crystalline  body,  melting  at  135**.  The  substance  oxidized  readily  in  the 
air  forming  the  anhydride  of  diphenyl  arsenic  add,  (C«H6)4AsiOi. 

Later,  Michaelis'  reported  its  preparation  by  heating  an  alcoholic 
solution  of  diphenylarsenic  add,  (CeH6)2AsOOH,  for  lo  hours  witii  a 
large  excess  of  phosphorous  add.  It  was  described  as  a  oystalline  body 
spontaneously  combustible  in  air.  The  oxidation  product  of  the  sub- 
stance in  a  stream  of  carbon  dioxide  containing  some  oxygen  was  identified 
as  tetraphenyldiarsine  oxide. 

More  important  work  was  done  by  Schlenk*  who  determined  the 
1  Ann.,  201,  222  (1880). 

*  Ber.,  15,  1952  (1882). 

•  Ann.,  321,  148  (1902). 
4/W.,  394t  216  (1912). 
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molecular  weight  of  tetraphenyldiarsine.    On  the  basis  of  one  measure- 
ment he  ccmduded  that  the  body  does  not  dissociate  at  the  boiling  point' 
of  benzene. 

In  view  of  the  fact  that  some  aromatic  derivatives  of  ethane^  and  of 
hydrazine*  dissociate  with  the  production  of  free  radicals  capaUe  of 
independent  existence,  it  was  considered  worth  while  to  redetermine  the 
molecular  weight  of  tetraphenyldiarsine  and  to  measture  its  iodine  and 
oxygen  absorption  with  the  hope  of  securing  evidence  of  dissociation  into 
radicals  of  the  type  {CJtU)iAs'', 

The  tetraphenyldiarsine  was  prepared  by  means  of  the  following  re- 
actions: triphenyl  arsine  was  made  from  pbenylmagnesium  bromide  and 
arsenic  trichloride.'    This   application  of   the  Grignard   reaction   was* 
found  to  be  very  much  more  successful  thaui  the  use  of  sodium  on  a  mixture 
of  arsenic  trichloride  and  chlorobenzene.* 

Triphenyl  arsine  (0.2  mol)  and  au-senic  trichloride  (o.i  tncA)  were  heated: 
in  sealed  tubes  to  200**  for  .4  hours/  The  mixture  of  diphenylchloro- 
arsine  (b.  p.  333**)  and  monophenyldichloroarsine 
(b.  p.  252°)  formed  was  separated  into  two  cc«n- 
ponents  by  fractional  distillation.  The  mono- 
phenyl  derivative  was  then  converted  into  diphe- 
nylchloroar^e  l^  the  use  of  mercury  biphenyl.* 

After  complete  purification  of  the  substance^ 

.according  to  the  method  of  MichaeUs^  it  wasS— -~i 


*.. 


converted  into  tetraphenylarsine  oxide  by  boiling  pd 
with  a  solution  of  sodium  hydroxide.'    The  oxide  XI 


I  hydroxide.'    The  oxide  |X       I 
was  extracted  from  the  solution  by  ether  and^-"^ 
reoystaUized.  ^ 

Five  g.  of  the  oxide  was  added  to  75  cc.  of  ab- 
solute alcohol.  7.5  g.  of  solid  phosphorous  add 
was  added  to  75  cc.  of  absolute  alcohol.  Both 
solutions  were  saturated  with  dry  nitrogen  ptui- 
fied  from  oxygen  according  to  the  method  of  C. 
Van  Brunt.*  The  solutions  were  mixed  in  the 
apparatus  shown  in  drawing  (Fig.  i)  after  it  had 
been  filled  with  nitrogen  and  thoroughly  dried. 
The  sohttion  was  bailed  for  3  hours.    On  cool- 


A  WinriHv^fMf 


[\ 


Fig.  I. 


*  Gomberg,  This  Journal,  22,  757  (1900),  and  many  later  papers, 
'  Weiland,  Ann.,  381,  200  (191 1);  392,  127  (1912). 

*  Pfeiffer,  Ber,,  37,  4620  (1904). 

*  Phillips,  Ibid.,  19,  1031  (1886). 

•  Michaelis  and  Paetow,  Ann.,  233,  64  (1886). 

•  Michaelis  and  Link,  Ibid.,  207,  195  (i88t). 
7  Michaelis,  Ibid.,  321,  141  (1902). 

•  This  Journai,,  36,  1448  (1Q14) 
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ing,  the  tetraphenyldiarsine  separated  as  white  leaflets.  After  the  mother 
liquor  had  been  decanted  off  the  oystals  were  washed  by  decantation 
with  absolute  alcohol  and  then  with  dry  ether.  During  the  whcde  prooess 
dry  nitrogen  was  passed  through  the  apparatus.  The  crystals  were  dried 
by  a  stream  of  warm  dry  nitrogen  and  then  deposited  in  the  small  side 
tubes  by  shaking.  These  were  then  sealed  off  without  anning  in  contact 
with  the  air. 

Pure,  dry  tetraphenyldiarsine,  when  exposed  to  the  air,  abscn-bed  oxygen. 
If  the  crystals  were  scattered  they  oxicUzed  in  the  air  without  melting, 
but  if  in  large  groups  they  melted.  But  the  material  never  became 
spontaneously  inflammable  as  reported  by  Michaelis.^  From  the  sdid 
oxidation  products  diphenylarsenic  add,  (C6Hft)iAsOOH  (m.  p.  170^ 
and  tetraphenyldiarsine  oxide,  (CeHOiAssO  (m.  p.  91  ^)  were  isolated. 

In  solution  in  xylene  it  showed  no  color  even  when  heated  to  155^ 
in  a  sealed  tube.  It  was  not  very  soluble  in  benzene,  and  at  20°  the 
greatest  concentration  that  could  be  obtained  was  about  1%. 

Tetraphenyldiarsine  reacted  with  hot  alcohol.  Fine,  needle-shaped 
crystals  were  precipitated  md  the  solution  became  yellowish  in  color. 
On  evaporation,  a  yellow  oil,  with  an  intense  and  disagreeable  odor, 
separated.  This  yellow  oil  reacted  with  iodine  rapidly  and  at  the  same 
time  the  solution  became  add.  On  addition  of  a  solution  of  silver  nitrate 
a  3rellow  predpitate  formed  which  darkened  in  the  light.  The  compound 
was  identified  as  diphenylarsine  (C6Hs)tAsH.  It  had  the  properties 
described  by  Dehn  and  Wilcox.*  When  oxidized  by  the  air  tetraphenyl- 
diarsine was  dissolved  in  dry  benzene  and  allowed  to  stand  with  oxygen 
over  it,  the  absorption  of  the  oxygen  slowly  approached  the  quantity 
necessary  for  the  formation  of  tetraphenyldiarsine  oxide. 

A  small  tube  containing  tetraphenyldiarsine  was  broken  in  absolute 
benzene  whidi  was  thoroughly  saturated  with  nitrogen,  and  at  all  times 
there  was  nitrogen  over  the  solution.  The  solution  absorbed  iodine 
readily  and  acquired  a  faint  yellow  color.  This  point  was  noted  in  eadi 
run,  but  it  was  not  a  fixed  point.  When  the  solution  was  older  the  color 
appeared  with  less  iodine.  The  titration  with  iodine  was  carried  beyond 
the  end-point  and  the  solution  allowed  to  stand.  After  about  24  hours  a 
oystalline  body  began  to  separate  from  solution.  In  one  run  there  was  a 
separation  of  a  red  oil,  but  this  on  standing  gradually  crystallized.  The 
crude  crystals,  probably  diphenyliodoarsine  were  brown  in  cotor  and 
mdted  at  about  30®. 

A  tube  of  tetraphenyldiarsine  was  broken  in  an  evacuated  vessel  of 
one  liter  capadty.  On  heating  to  200**  in  an  oil  bath  the  vapor  pressure 
devdoped  was  about  i  mm.    On  cooling  there  was  no  sign  of  decomposi- 

*  Loc.  ciL 

*  Am.  Chem.  J.,  35,  45  (1906). 
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tion,  and  tetraphenyldiarsine  crystallized  agaia.     On  heating  to  about 

300*^  there  was  decomposition,  and  metallic  arsenic  was  deposited  on  the 

aides  of  the  container.    The  container  was  opened,  the  contents  extracted 

and  recrystallized.    The  product  melted  at  59**,  corresponding  to  tri- 

phenylarsine.    The  decomposition  may  be  represented  as  follows: 

3(C«H5)4As,  =  4(C«Hs)8As  +  2As. 

It  was  impossible,  therefore,  to  determine  the  molecular  weight  of  the 

compound  in  the  vapor  phase. 

The  molecular  weight  was  determined  in  naphthalene  as  a  solvent. 

(K  =  6900.) 

M.  w. 


Wt.  of 

substance.  Q. 

wt.  of 
solvent.  G. 

M. 

Pound. 

Calc.  for 

(CiH»)4A8i. 

0.4088 

41.6 

0.090° 

755 

458 

0.6389 

45.5 

0.126** 

765 

Evidently  the  tetraphenyldiarsine  in  naphthalene  at  the  freezing  point 
was  not  dissociated  but  rather  associated.    ^ 

Conclusions 

Tetraphenyldiarsine,  when  exposed  to  air,  oxidized  to  tetraphenyl- 
diarsine oxide  and  diphenylarsenic  acid.  In  benzene  solution  it  gradually 
absorbs  oxygen  sufficient  for  the  formation  of  tetraphenyldiarsine  oxide. 
The  tetraphenyldiarsine  absorbs  iodine  rapidly,  and  from  the  solution  a 
crystalline  iodide  slowly  precipitates.  It  decomposes  in  hot  alcohol, 
forming  diphenylarsine. 

Its  vapor  pressure  at  200**  is  about  i  mm.  At  300^  it  decomposes 
in  a  vacuum  with  the  deposition  of  arsenic  and  formation  of  triphenyl- 
arsine. 

The  molecular  weight  cannot  be  determined  in  the  vapor  phase  due  to 
decomposition.    In  naphthalene  it  is  apparently  associated. 

The  bond  between  the  arsenic  atoms  is  easfly  broken,  oxygen  and  iodine 
being  rapidly  absorbed;  but  these  experiments  furnish  no  evidence  of  the 
independent  existence  of  a  bivalent  arsenic  radical. 

BSRK9L«T,   Cal. 
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OF  CERTAIN  NITRO  AND  AMINO  BENZOYLENE 
UREAS  AND  SOME  COMPOUNDS  RE- 
LATED THERETO. 

By  Marston  Tayi^or  Bogert  and  George  Scatchard.* 

Received  September  15,  1919. 

Introductory. 

In  1916,  the  authors  published  a  paper*  on  dinitro-benzoylene  turea, 
calling  attention  to  the  fact  that  its  monosodium  salt  was  a  very  sensitive 
indicator  for  hydrogen  ion  concentrations  between  the  limits  of  6  and  8 
on  the  Sdrensen  scale. 

The  experimental  work  set  forth  in  the  present  paper  supplements 
that  given  in  the  article  just  mentioned,  describes  the  various  steps  lead- 
ing up  to  the  syntheisis  of  the  dinitro-benzoylene  urea,  and  records  the 
preparation  and  study  of  some  related  compounds. 

Briefly,  the  work  followed  these  main  lines: 

1.  Anthranilic  add  was  converted  into  ^-turamino  benzoic  add  by  the 
action  of  potassium  isocyanate  in  add  solution,  the  tunmino  add  changed 
to  benzoylene  lurea  by  treatment  with  cone,  sodiiun  hydroxide  solution, 
and  the  benzoylene  inea  then  nitrated  and  the  nitro  derivative  reduced. 

By  direct  methylation  of  benzoylene  urea  with  methyl  iodide  and  alkali, 
3-monomethyl  and  1,3-dimethyl-benzoylene  urea  were  prepared. 

2.  o-Uramino  benzoic  add  was  nitrated  to  the  dinitro  derivative  and 
the  latter  converted  into  its  methyl  ester.  By  heating  the  latter  with 
ammonia  under  pressure,  6-nitro-benzoylene  urea  was  obtained. 

3.  5-Nitro-2-acetamino  toluene  was  oxidized  to  5-nitro-acetanthra- 
nilic  add,  the  product  de-acetylated  and  fused  with  formamide,  yielding 
thus  the  6-nitro-4-quinazolone. 

By  direct  nitration  of  benzoylene  urea,  both  mono-  and  dinitro  deriva- 
tives were  obtained.  The  second  nitro  group  enters  the  molecule  much 
more  readily  than  the  first.  In  fact,  even  with  calculated  (one  mole) 
quantities  of  nitric  add,  it  was  foimd  diflScult  to  get  the  mononitro  deriva- 
tive without  simultaneous  formation  of  some  dinitro. 

The  structure  of  the  dinitro  benzoylene  urea  is  a  problem  of  unusual 
interest  because  of  the  use  of  its  monosodium  salt  for  the  purpose  men- 
tioned above.  The  location  of  one  nitro  group  is  quite  certainly  at  posi- 
tion 6,  in  view  of  the  synthesis  of  the  dinitro  derivative  from  6-nitro 
^  This  paper  is  based  upon  experimental  work  carried  out  by  Mr.  Scatchard  as 
part  of  the  requirements  for  the  degree  of  Doctor  of  Philosophy  under  the  Faculty  of 
Pure  Sdence,  Columbia  University.  Its  publication  has  been  delayed  by  the  war 
service  of  both  authors.  M.  T.  BocBRT. 

*  This  Journal,  38,  1606  (19 16). 
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benioyleiie  tttta.  It  seems  most  likely  that  the  other  nitro  group  is  in 
posttion  8,  as  this  would  be  the  natural  place  for  a  second  one  to  enter, 
meia  to  the  first  nitro  group  and  to  the  carbonyl  groups  «tid  ortho  to  the 
amine  groups  The  ease  with  whidi  it  enters  argues  against  any  other 
location  in  the  benaene  side  of  the  nucleus.  Attechment  to  the  nitrogens 
of  the  miaxiae  half  is  improbable,  because  of  the  formation  of  the  dinitro 
compound  in  acid  solution  (conditions  which  generally  faydrcdyze  tiie 
-N.NOt  grouping)  and  of  the  fact  that  no  nitrogen  could  be  spHt  off  from 
it  by  boiling  with  water  or  with  acetic  add.  Synthetic  proof  of  this  con- 
clusion is  still  laddng.  Since  5-nitro-anthranilic  acid  refused  to  react  with 
urea  or  potassium  isocyanate,  it  seemed  useless  to  attempt  the  condensa- 
tion with  3i5-dinitra-anthranilic  acid. 

Oertain  of  the  properties  of  benzoylene  urea  merit  mention.  Like  its 
7-methyl  derivative^  it  forms  a  dinitro  derivative  with  the  greatest  ease. 
This  is  probably  due,  in  part  at  least,  to  its  diphenolic  character  (in  the 
en<A  fotxn).  While  benzoykne  m^ea  itself  readily  yields  i-  and  j-mono* 
methyl  and  1,3-dimethyl  derivatives  when  treated  with  methyl  iodide 
and  a  base,  dinitro  benzoylene  urea  cannot  be  methylated  at  all  in  the 
same  manner.  Connected  with  this  is  the  fact  that  neither  5-niethyl- 
nor  i,3M]imethyl-benzoykne  urea  can  be  nitrated  by  long  boiling  with 
cone,  sulfuric  and  fuming  nitric  adds,  according  to  our  experiments. 

The  work  of  Griess'  on  ^-turaminobenzoic  add  and  on  its  dinitro  deriva- 
tive was  repeated  and  the  methyl  esters  also  of  these  two  adds  were 
prepared  and  studied.  The  dinitro  add  probably  has  the  f  o  lowing  consti- 
tution: (2)CW.NH.COJ^H.C«H»(NO,)(5)COOH(i),  smce  when  boiled 
with  water  it  breaks  down  into  5*nitro-anthranilic  add,  nitrous  oxide  and 
carbon  dioxide.  The  formation  of  nitrous  oxide  imlicates  that  the  second 
nitro  group  is  on  the  terminal  nitrogen  of  the  urea  residue,  inasmuch  as 
the  two  nitrogens  are  found  united  in  the  decomposition  product.  The 
reaction  may  be  asstuned  to  be  a  preliminary  hydrolysis  to  nitto-isatoic 
add  and  nitramide,  both  of  which  undergo  ftulher  hydrolysis  in  the  hot 
aqueous  solution,  the  former  into  5-nitro-anthranilic  add  and  carbon 
dioxide,  the  latter  into  nitrous  oxide  and  water. 

CWSr.NH.CO.NH.C«Ha(NO,)COOH  -f-  H2O  — > 

H00C.NH.CeH3(N0,)C00H  +  O^.NH  — > 

H2N.C«H3(N02)COOH  +  CO2  +  N2O  +  HaO. 
The  methyl  ester  of  the  dinitro  add  decomposes  similarly,  giving  met^yl- 
nitro-anthranilate. 

If  the  action  of  ammonia  followed  the  same  course  as  with  the  nteta 
add,'  breaking  out  only  the  nitro  group  firom  the  side  chain  and  forming 

*  Niementowski,  /.  prakt.  Chem.,  [2]  51,  564  (1895). 
«  /.  ffrakL  Chem.,  [2]  5,  369  (iSy^)- 

•  Griess,  Ibid.,  [2]  5,  227  (1872). 
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5-nitro-3-uramino-beii»nc  add,  the  latter  shotdd  condense  in  the  alkaline 
solution  to  6-nitro-benzo7lene  urea.  This  reaction  could  not  be  realized 
with  the  free  dinitro  add,  for  the  apparent  reason  that  its  instability  and 
velodty  of  decomposition  were  too  great.  The  condensation  was  ac- 
comidished,  however,  with  the  methyl  ester  of  this  add. 

This  is  in  line  with  the  hehsmor  of  <7-tu^mino-benzoic  add  itself,  winch 
decomposes  when  boiled  with  water,  whereas  its  methyl  ester  under  similar 
conditions  condenses  smoothly  to  benzoylene  urea. 

The  literature  of  s-nitro^anthranilic  add  was  found  to  be  rather  badly 
confused  and  we  hope  that  we  have  deared  it  up  somewhat. 

Apparently  the  nitro  group  in  5-nitro-anthranilic  add  exerts  a  dedded 
steric  hindrance  to  the  replacement  of  the  amino  hydrogens  by  other 
groups  or  residues,  for  it  was  found  impossible  to  obtain  any  condensation 
with  lu-ea,  or  with  potassium  isocyanate  in  add  solution,  although  the  at- 
tempts were  made  under  various  conditions,  induding  the  method  of 
Bailey  and  Read.^  The  method  of  Sonn*  for  the  preparation  of  substituted 
ureas  was  not  tried,  since  Sonn  found  that  tiie  amino  groups  of  anthranSic 
add  and  of  o-nitraniline  were  too  wealdy  basic  to  give  the  condensation. 

Johnson  and  Scott'  noted  that  anthranilic  add  refused  to  condense  to 
a  thioquinazolone  when  treated  with  ammonium  thiocyanate  and  acetic 
anhydride.  We  can  corroborate  this,  and  can  report  that  the  5-nitro- 
anthranilic  add  behaves  similarly. 

If  Johnson's  theory*  of  the  mechanism  of  this  reaction  is  correct,  the 
above  facts  are  most  simply  explained  on  the  assumption  of  a  lactame 
structure  for  the  intermediate  acetantfaranil,  as  the  latter  is  the  first  product 
of  the  action  of  acetic  anhydride  upon  anthranilic  add.  If  the  anthranil' 
possessed  the  metoxazone  structure,  it  would  resemble  the  lactone  anhy- 
drides of  the  a-amino  adds,  which  are  the  intermediate  products  in  the 
formation  of  thiohydantoins,  and  shotdd  react,  therefore,  analogously  to 
form  a  thiobenzoylene  urea. 

yCO— O  yCO—O 


yCO 
^N.CO.R 


C.H/  I  Ch/  I 

\n=*c.r  ^N=C.R 

Acjrlanthranil  Lactone  anhydride 

(Lactame.)  (Metoxazone.)  of  a-amino  acid. 

By  fusion  of  the  5-nitro-anthranilic  add  with  formamide,  6-nitro-4- 
quinazolone  was  obtained  and  shown  to  be  identical  with  the  compound 
prepared  by  Bogert  and  Gdger*  by  direct  nitration  of  4-quinazolone.    At 

» Tras  Journal,  37f  1884  (1915). 
«  Ber.,  47,  2437  (1914). 

•  Tras  Journal,  35i  "3o  (19x3). 
«/Mi.,  35f  "36  (1913). 

•  For  a  discussion  of  the  structure  of  acylanthranils,  see  Heller,  Ber.,  48, 1 183  (1915)- 

•  Tras  Journal,  34i  524  (1912). 
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tbe  time,  Bogert  and  Geiger  expressed  the  ofMnion  that  the  nitro  group 
would  be  found  to  be  in  position  6,  and  this  S3aitiiesis  proves  the  correct- 
ness of  the  deduction. 

Experimental. 

o-Uramino-benzoic  Add  ((7-Ureido-benzoic  Acid),  HiN.CO.NH.- 
C6H4.COOH,  was  prepared  first  by  Griess^  by  the  interaction  of  an- 
thranilic  add  and  potassitmi  isocyanate  in  presence  of  hydrochloric  add, 
but  he  gave  no  details  of  his  process  or  <kscription  of  his  product,  other 
than  to  note  that  it  crystallized  in  small,  white  needles.  Gabrid  and 
Odman*  later  prepared  it  in  much  the  same  way  and  obtained  a  fine, 
crystalline  powder. 

Twenty-seven  g.  of  anthranilic  add  was  treated  with  20  cc.  (calculated, 
i6  cc)  of  cone,  hydrochloric  add,  themixturedissolved  ina  liter  of  hot  water, 
filtered  and  the  filtrate  cooled.  A  solution  of  20  g.  (calculated,  16  g.) 
of  potassium  isocyanate  in  50  cc.  water  was  added  slowly  with  mechanical 
stirring.  When  about  half  of  the  cyanate  solution  had  been  run  in,  the 
mixtiu-e  suddenly  set  to  a  pasty  mass  of  crystals.  After  all  the  cyanate 
had  been  added,  the  mixtin-e  was  left  overnight,  the  precipitate  filtered 
out,  washed  with  water  and  dried  on  a  porous  tile.  Microscopic,  colorless 
needles,  decomposing  at  162-4®  (corr.),  were  thus  obtained.  Yidd, 
27.3  g-  or  72.7%  of  the  theoretical  amount.  The  compound  was  purified 
by  dissolving  it  in  absolute  methyl  or  ethyl  alcohol  at  room  temperature, 
stirring  with  animal  charcoal,  filtering,  and  concentrating  the  filtrate 
in  vacuo  at  10-20**.  The  pin-ified  add  separated  in  tufts  of  fine,  colorless, 
silky  needles,  decomposing  at  17 1-2**  (corr.)  with  formation  of 
benzoylene  urea.  It  is  so  rapidly  changed  into  benzoylene  urea  by  the 
action  of  heat,  of  alkali  or  of  mineral  add,  that  it  cannot  be  purified 
satisfactorily  dther  by  crystallization  from  hot  solvents  or  by  solution  in 
alkali  and  repredpitation  by  mineral  add. 

Subs.,  0.1609,  0.2571 : 21.69  cc.  N  at  21°  and  763.7  mm.;  33.85  cc.  N  at  18®  and 
766.7  mm. 

Calc.  for  CgHiOiNt:  N,  15.52.    Found:  15.34,1527. 

It  is  practically  insoluble  in  ligroin;  very  slightiy  soluble  in  water,  carbon 
tetrachloride,  carbon^disulfide^or  cold  tolu^ie;  somewhat  more  soluble  in 
chloroform,  benzene^or  hot  tolu^ie;  moderatdy  soluble  in  ether;  and  dis- 
solves readily  in^methyl  or  ethyl  alcohols,  acetone  or  ethyl  acetate.  Hot 
water  decomposes  it. 

It  is  very  easily  condensed  to  benzoylene  urea  by  a  variety  of  reagents. 
Heated  in  an  oil^bath  to  190-200^,  it  3ridds  30%  of  the  theoretical  amount, 
while  cone,  aqueous  sodium  hydroxide  gives  nearly  a  quantitative  3ridd. 

»  /.  prakt.  Chem.,  [2)5, 371  (1872). 
»  Ber.,  38,  3561  (1905). 
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Gabriel  and  Colman^  have  shown  that  heating  with  20%  aqueous  hydro- 
dilmc  add  also  causes  this  condensation. 

Methyl  Ester. — ^The  condensation  of  methyl  anthranilate  with 
potassium  isocyanate  could  not  be  carried  out  in  hydrochloric  add  solution, 
for  the  reason  that  the  concentration  of  add  necessary  to  get  the  anthran- 
ilate into  solution  decomposed  the  cyanate;  and,  as  the  add  concentration 
diminished,  the  tmchanged  methyl  anthranilate  separated  as  an  oil. 
Acetic  add,  therefore,  was  substituted  for  hydroddoric  add,  and  the  re- 
action then  ensued  smoothly  and  without  difficulty.  From  20  g.  of  methyl 
anthranilate,  600  cc.  of  50%  acetic  add  and  12  g.  (calc,  10.9  g.)  of  potas- 
sium isocyanate,  26  g.  of  methyl  uramino  benzoate  was  obtained,  wliicfa  is 
the  theoretical  3ridd.  Purified  by  crystallization  from  methyl  alcohol,  it 
formed  glistening,  white  needles,  mdting  with  decomposition  at  177- 
7.5  "^  (corr.). 

Subs.,  0,1816:23.00  cc.  N  at  20®  and  761.2  mnL 
Calc.  for  CfHioOiNs:  N,  14.42.    Found:  14.44. 

Its  solubilities  are  much  the  same  as  those  of  the  free  add.  When 
heated  above  its  mdting  point,  or  boiled  with  water,  it  gives  oflf  odors 
resembling  those  of  methyl  anthranilate  and  methyl  salicylate,  but  the 
chief  product  is  always  benzoylene  urea.  The  latter  is  also  formed  when 
the  ester  is  dissolved  in  30%  aqueous  sodium  hydroxide  solution  or  in  cone, 
sulf luic  add,  or  when  it  is  treated  for  a  few  hours  with  a  saturated  solution 
of  atmnonia  in  water,  methyl  or  ethyl  alcohol,  ether  or  benzene.  In  no 
case  was  there  any  evidence  of  amide  formation,  as  the  result  of  the  action 
of  ammonia  upon  the  ester. 

Benzoylene    Urea    (2|4-Diketo-tetrahydro-quinazoline)| 

I 1 

NHCONHC6H4CO. — Of  the  various  methods  which  have  been  used  for 
the  preparation  of  benzoylene  lu-ea,  the  most  promising  seemed  to  be  the 
fusion  of  anthranilic  add  with  urea^  and  the  condensation  of  o-uramino- 
benzoic  add. 

The  first  experiments,  therefore,  were  concerned  with  the  urea  method. 
It  is  believed  that  the  benzoylene  urea  formed  in  this  process  owes  its  origm 
to  the  following  changes: 

H2NC«H4COOH  +  H2NCONH2  — >  H2NCONHC1H4COONH4  — ► 


HNCONHCtHiCO  +  H«0  +  NH«, 
inasmuch  as  the  meta-  and  para-aminobenzoic  adds  give  the  corresponding 
uramino-benzoic  adds  when  fused  with  urea,'  ammonia  is  evolved  during 
the  fusion  quite  f redy,  and  we  have  shown  that  both  uramino-benaoic  add 

^  Loc.  ciL 

*  Griess,  Ber.,  2,  416  (1869);  /.  prakt.  Chem.,  [2]  5,  371  (1872).  Sec  also  Abt, 
J.prakt.  Chem.,  [2]  39,  143  (1889)  and  Pawlesld,  Ber.,  38, 130  (1905). 

»  Griess,  /.  prakt.  Chem.,  [2]  5,  369  (1872). 
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and  its  ammoimun  salt  yidd  benzoykne  urea  when  heated.  Pnrther, 
Paal^  has  poroven  that  <7-phenyluraniino-benzoic  add  gives  3-pbenyl- 
benzo3rlene  urea,  and  Pawleski^  has  {Hroduced  the  same  substance  by  fusing 
anthranilic  add  with  monophenyl  urea.  In  fact,  Weiland'  states  that 
uramino  adds  are  formed  by  heating  together  amino  adds  and  urea,  in 
neutral  aqueous  solution,  even  at  42-5*^. 

In  testing  the  stability  of  anthranilic  add  to  heat,  it  was  ascertained  that 
it  begins  to  sublime  and  to  give  off  carbon  dioxide  at  its  mdting  point 
(145**),  the  evolution  of  gas  being  quite  rapid  at  160-5^. 
'  If  the  tempemtiffe  is  carried  too  high  during  the  fusion  of  anthranilic 
add  and  urea,  some  of  the  benzoylene  urea  already  formed  is  decomposed 
into  anthranilic  nitrile  and  carbon  dioxide.* 

In  spite  of  numerous  trials  and  a  careful  study  of  the  various  factors  in- 
volved, the  yields  could  not  be  raised  above  46%  of  the  theoretical  amount. 
Further,  with  increasingly  large  amounts  the  yidds  grew  steadily  poorer, 
prestmiably  because  of  the  difficulty  in  heating  the  larger  mdts  tmiformly. 
As  products  of  the  reaction,  in  addition  to  benzoylene  urea,  there  were 
identified,  water,  ammonia,  carbon  dioxide  and  ammonium  carbamate, 
and  evidence  was  obtained  also  of  the  presence  of  anthranilic  nitrile  and 
of  biuret.  As  Werner^  has  shown,  when  urea  is  heated  it  stiff ers  decomposi- 
tion into  ammonia  and  isocyanic  add,  at  temperatures*  just  above  its 
mdting  point  (132**),  some  of  the  latter  then  polymerizing  to  cyanmic 
add  and  some  combining  with  tmchanged  tu-ea  to  form  bitu-et.  At  higher 
temperatures  (190-200®),  some  ammdide  is  produced,  but  we  did  not  dis- 
cover any  of  this  compound  in  ovi  mdts. 

By  the  action  of  strong  aqueous  sodium  hydroxide  upon  ^-uramino- 
benzoic  add,  benzoylene  urea  can  be  prepared  rapidly  and  in  any  desired 
amount,  as  already  described  in  our  previous  artide. 

From  water  or  dil.  acetic  add,  it  separates  in  colorless  needles,  and  from 
glacial  acetic  in  small  plates.  By  careful  and  repeated  crystallization, 
a  mdting  point  of  353-4®  (corr.)  was  obtained,  and  this  could  not  be  raised 
by  further  crystallization.  It  ^blimes  unchanged  at  high  temperature. 
Its  solubility  at  23®  is  0.000741  mole  (0.129  g.)  per  liter  of  water.  It  is 
difficultly  soluble  in  ethyl  alcohol,  and  but  slightly  soluble  in  amyl  alcohol  or 
in  carbon  tetrachloride.  By  direct  nitration,  it  gives  6-nitro-  and  6,8-di- 
nitro-benzoylene  urea.  Fused  with  oxalic  add,  it  gives  no  carbazole  blue 
reaction. 

»  Ber.,  27,  978  (1894)- 

*  Ibid.,  38,  130  (1905).    See  also  Ktmckell,  Ibid.,  38,  1213  (1905)  and  43,  1237 
(1910). 

*  Ch€m.  Zenlf,,  1913, 1,  1230. 

^Compare  Abt,  J.   prakL    Chem.,  [2]    39,  143  (1889)  and  Haslinger.  Ber.,  41, 
1451  (1908). 

*  7.  Chem.  Soc.,  103,  loio,  2275  (1913). 
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Sodium  Salt. — Purified  by  repeated  crystallization  from  dil.  aqueous 
sodium  hydroxide,  this  salt  was  obtained  in  long,  white  needles,  containing 
water  of  oystallization  which  was  lost  at  rocnn  temperature  in  vacuo  over 
sulfuric  add. 

Subs.,  1.0032;  NasSOi,  0.3824. 

Calc.  for  CtHiOtNsNa:  Na,  12.50.    Found:  12.34, 

The  solubility  of  this  salt  at  23^  was  determined  by  taking  a  measured 
volume  saturated  at  that  temperature,  heating  to  boiling,  acidifying  with 
hydrocliloric  add,  cooling,  filtering  out  the  predpitated  benzojrlene  urea, 
and  drying  it  to  constant  weight  in  a  Gooch  crudble  at  120^.  This  gives 
the  difference  in  solubility  between  the  benzoylene  urea  itself  and  its  sodium 
salt. 

100  cc.  of  sohition  saturated  at  23''  gave  0.7024  g.  bensoykne  urea,  indicatiiig  a 
solubility  of  0.0433  mole  per  liter,  or  0.7967  g.  CgHtOsNiNa  per  100  oc.,  assuming  the 
solubility  of  the  free  benzoylene  urea  to  be  practically  zero. 

I 1 

6-Nitro-benzoylene  Urea,  NHCOC«H«(NOx)NHCp,  was  prepared 
by  the  direct  nitration  of  benzoylene  urea,  and  also  by  the  action  of  aqueous 
ammonia  upon  methyl-dinitro-uramino-benzoate.  It  could  not  be  ob- 
tained by  the  fusion  of  5-mtro-anthranilic  add  with  urea,  nor  by  the  action 
of  ammonia  upon  the  free  dinitro-uramino-benzoic  add.  This  is  in  har- 
mony with  the  experience  of  Lederer^  who  heated  an  intimate  mixture  of 
urea  and  5-nitro-2-anilino-benzoic  add  at  205**,  without  accomplishing 
any  quinazoline  condensation,  the  nitro-phenylanthranilic  add  being  re- 
covered unchanged. 

Twenty  g.  of  benzoylene  urea  was  dissolved  in  200  cc.  of  cone,  sulftnic 
add,  and  the  calculated  amount  (5.4  cc.)  of  fimiing  nitric  add  (sp.  gr. 
1 .5)  was  added  slowly.  The  temperature  rose  to  about  50°.  The  mixture 
was  then  heated  for  an  hour  on  the  water  bath,  cooled,  poiu-ed  upon  ice, 
the  predpitate  filtered  out,  washed,  and  aystallized  from  50%  acetic  add 
( I  liter) ,  in  presence  of  animal  charcoal.  It  formed  brownish  yellow  prisms, 
decomposing  at  326-30®  (corr.).  Yield  14.5  g.,  or  56.5%  of  the  theoretical 
amount.    Much  was  left  in  the  mother  liquor. 

The  crude  material  was  pmified  by  dissolving  it  in  excess  of  hot  dilute 
aqueous  sodium  hydroxide,  crystallizing  the  sodium  salt  thrice  from  water, 
reconverting  it  to  the  free  ziitro  compound  by  addifying  the  hot  solution 
with  acetic  acid,  and  recrystallizing  from  50%  acetic  add  to  constant 
decomposition  point.  There  resulted  pale,  greenish  yellow  prisms,  de- 
composing at  330-1^  (corr.);  moderatdy  soluble  in  hot  methyl  alcohol 
or  in  boiling  gladal  acetic  add;  sUghtly  soluble  in  hot  water,  ethyl  alcohol, 
ethyl  acetate,  acetone,  ether  or  toluene;  and  practically  insoluble  in  chloro- 
form, carbon  tetrachloride,  carbon  disulfide,  ligroin  or  benzene. 
*  Rostock,  Inaug.  Diss.,  1906,  p.  60. 
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The  same  compound  was  obtained  by  the  following  process:  Qneg. 
of  metiiyl-^imtro-uramino-benzoate  was  suspended  in  20  cc.  of  water  in  a 
pressture  bottle  and  the  liquid  saturated  with  ammonia  at  o^.  It  was 
then  heated  at  100^  for  4  hours,  cooled  in  a  freezing  mixture,  the  bottle 
opened,  excess  of  ammonia  driven  out  by  heating  on  the  steam  bath, 
60  cc.  of  water  added,  the  sohxtion  acidified  hot  with  acetic  add,  and  al- 
lowed to  oocd.  The  fari^t  yellow  prisms  which  separated  were  filtered 
out,  washed  with  water,  and  dried  at  120^  Yield,  0.75  g.,  or  100%  of 
the  theoretical  amount.  These  crystals  were  powdered,  extracted  thrice 
with  boiling  alcohol,  and  reoTS^dlized  from  glacial  acetic  add.  The 
product  was  identical  with  the  6'nitro«benzoylene  urea  obtained  by  direct 
nitraticm  as  described  above. 

Sub6.,  0.1884:  34*62  oc.  N  at  21.3^  and  751.3  mm. 
Cafc.  for  CftHiOiNi:  N,  20.29.    Found:  20.54. 

Fifty  years  ago,  Griess^  reported  that  when  benzoykne  urea  was  treated 
with  nitric  add  he  obtained  a  mononitro  derivative  crystallizing  in  honey- 
ydlow  prisms.  He  gave  no  further  description  of  his  process  or  product, 
but  there  can  be  little  doubt  that  it  was  the  6-nitro  derivative.^ 

Sodium  Salt. — Long,  light  greenish  yellow  needles,  containing  no  water 
of  crystallization.  Its  aqueous  solutions  are  yellow  and  it  is  repredpi- 
tated  from  such  solution  by  carbon  dioxide.  Heated  dry,  it  diars  with- 
out ejtplosion. 

0.240  g.  of  the  salt  was  dissolved  in  100  cc.  of  boiling  water.  On  co(d- 
ing,  a  small  amount  predpitated,  leaving  a  saturated  solution  of  strength 
slightly  less  than  0.01  molar.  Five  drops  of  this  sdution  were  added 
to  10  cc.  <rf  phosphate  and  Ixrate  solutions  (Sorensen  standard).  The 
solution  with  index  7  (Sdrensen  scale)  was  cdorless,  and  a  greenish  yellow 
color  developed  very  slowly  firom  7.5  until  index  11  was  reached,  and  then 
rapicfly  up  to  that  with  index  13.  The  devdopment  of  color  was  too  slow 
for  this  salt  to  be  of  any  use  as  an  indicator. 

I 1 

698-Dinitro-benzoylene-urea,     NHC0C«H2(N0t)«NHC0,     was     ob- 

1  B$r„  a,  416  (1869). 

*  Griess  did  state  that  reduction  of  this  nitro  derivative  by  ammonitmi  sulfide, 
or  by  tin  and  hydrochloric  acid,  yielded  an  amino  derivative  crystallizing  in  pale 
yellow  needles,  dijficultly  soluble  in  all  neutral  solvents,  and  which  combined  with  acids 
to  give  salts  which  in  most  cases  crystallized  well  and  were  very  difficultly  soluUe. 

In  1905,  Kunckell  (Ber.,  38,  12 13  (1905))  announced  that  he  had  nitrated  ben- 
zoyknenrea,  reduced  the  nitro  to  the  amino  derivative,  and  prepared  various  compounds 
from  thf^  latter,  on  all  of  which  he  expected  to  report  later,  since  Mr.  Lederer,  one  of 
his  Ph.D.  candidates,  was  engaged  upon  this  investigation.  No  subsequent  publication 
on  this  research  by  Kunckell  has  been  located,  and  the  dissertation  of  Karl  Lederer, 
Ueber  einige  Ddrivctfe  des  KetotetrahydrochinatolinSf  Rostock,  1906,  fails  to  record  any 
work  upon  the  nitration  of  benzoylene  tirea  or  the  reduction  of  any  nitro  derivatives 
thereof. 
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tained  by  the  direct  nitraticm  of  hecaoylBne  urea  attd  of  its  6-iiitEO  deriva- 
tiTie.  Its  production  from  benzoylene  ttrea  itself  is  set  forth  in  oitr  earlier 
paper. 

The  preparation  from  the  mononitro  derivative  yras  carried  out  as 
follows:  One  g.  of  6-nitro-befizoylene  urea  was  dissolved  in  lo  oc  of 
cone,  sulfuric  add,  and  6  cc  (calc,  4  oc.)  of  cone  nitric  add  added.  The 
yellow  solution  turned  red  upon  the  addition  of  tiie  nitric  add,  but  soon 
changed  to  yellow  again.  After  an  hour's  heating  on  the  steam  bath,  it 
was  cooled,  poured  into  100  cc.  of  cold  water,  and  the  precipitated  dinitro 
derivative  purified  in  the  manner  described  in  our  other  paper.  The  fol- 
lowing additional  observations  were  made  on  thk  compound: 

Mixed  with  soda  lime,  it  gives  a  brick-red  color  which  diaoges  to  arange 
on  expostu-e  to  the  moisture  of  the  atmosphere.  This  mixture  explodes 
when  heated,  witii  evolution  of  ammonia,  and  the  residue  chars.  When 
2  g.  of  the  compound  was  disserved  in  a  solution  of  10  g.  sodium  hydroxide 
in  30  cc.  of  water,  there  resulted  a  bri^t  red  sohition  and  an  orange  pre- 
dpitate.  On  short  boiling  of  this  mixture,  both  solution  and  precipitate 
turned  black  and  considerable  ammonia  was  given  oflL  After  12  hours' 
boiling,  the  mixtture  was  addified  with  hydrochloric  add,  butcmly  a  ^imy, 
black  predpitate  was  obtained,  from  which  no  pure  compounds  could  be 
recovered. 

The  anhydrous  monosodium  salt  is  orange,  and  when  heated  turns  red 
and  finally  explodes.    Its  other  properties  are  given  in  our  former  paper. 

The  potassium  and  ammonium  saltSi  pcepared  in.  similar  manner, 
resemble  the  sodium  salt  in  appearance  and  general  behavior,  except 
that  the  ammonium  salt  decomposes  without  explosion.  The  s(dubiUties 
of  these  salts  were  determined  at  20^  by  the  method  used  for  the  sodium 
satt. 

(i)  50  cc.  solution  of  the  potassium  salt  saturated  at  20^  gave  0.1 791  g.  of  dinitio- 
benzoylene  urea,  indicating  a  solubility  of  0.0142  mole  per  liter. 

(2)  50  cc.  solution  of  the  ammonium  salt  saturated  at  20®  gave  0.2656  g.  of  dinitio- 
benzoylene  urea,  indicating  a  solubility  of  0.021 1  mole  per  UUer. 

6,8-Diamino-benzoylene  Urea. — 80  g.  (calc.  45  g.)  of  stannous 
chloride  was  dissolved  in  300  cc.  of  cone,  hydrochloric  add,  the  solution 
heated  to  boiling,  10  g.  of  dinitro  benzoylene  urea  added  slowly,  and  the 
solution  boiled  for  4  hours.  On  cooling,  the  hydrochloride  of  the  diamine 
separated  in  bunches  of  pink  i»isms,  which  were  filtered  out,  washed  with 
water,  dried  at  120®,  boiled  15  mintrtes  with  50  cc.  of  cone,  hydrochknic 
acid,  the  solution  diluted  with  an  equal  voliune  of  water,  boiled  a  few 
minutes  longer,  cooled,  the  predpitate  filtered  out,  heated  with  300  cc 
of  freshly  boiled  water  and  made  alkaline  with  ammonia.  The  result  was 
a  yellow  predpitate  and  a  ydlow  solution  with  greenish  fluorescence. 
Yield  of  diamine,  6  g.,  or  78.9%  of  the  theoretical  amount. 
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Crystallized  from  freshly  boiled  water  containing  some  ammonia,  it 
separates  in  long,  dull,  yellow  needles,  which  darken  at  about  200*  and 
decompose  at  335*  (corr.).  Treatment  with  freshly  boiled  water  made 
slightly  add  with  acetic  add  did  not  alter  the  appearance  or  the  decompo- 
sition point. 

Subs.,  0.1292:  34.38  cc.  N  at  24.5**  and  747.2  mm. 
Cak.  for  CiHtOiN4:  29.15.    Pound:  29.11. 

The  compound  is  slightly  soluble  in  boiling  water,  but  practically  in- 
soluble in  cold  water  or  in  the  other  ordinary  solvents.  It  gives  a  very 
difficultly  soluble  hydrochloride.  In  hot  dil.  sodium  or  ammonium  hy- 
droxide solutions  it  dissolves  somewhat,  apparently  with  the  formation 
of  easily  hydrolyzable  salts.  Its  alkaline  solution  soon  turns  red,  due  to 
oxidation,  and  a  flocculent  violet  predpitate  separates,  which  turns  black 
when  dried  and  is  insoluble  in  all  common  solvents.  This  oxidation  en- 
suj^s  still  more  rapidly  in  neutral  or  faintly  add  solutions.  In  dil.  adds, 
it  gives  a  purple  solution  in  which  the  purple  predpitate  forms  more 
slowly.     Distillation  with  soda  lime  completdy  breaks  down  the  compound. 


a,4-Dicliloro-qiiinazoline,  N:CCl.CflH4.N:CCl,  was  prepared  from 
benzoylene  urea,  phosphorus  oxy-  and  pentachlorides,  by  the  method  of 
Gabrid  and  Colman^  and  was  purified  by  distilling  off  the  phosphorus 
halides  under  diminished  iwessure,  as  recommended  by  Abt.*  Yidd  of 
crude  product,  82%  of  the  theoretical  amount.  This  was  fully  pure  enough 
for  most  purposes  and  was  used  in  subsequent  S3mtheses. 

A  sample  very  carefully  purified  by  reaystallization  from  benzene  and 
distillation  tmder  reduced  presstu'e,  formed  white,  lustrous  blades,  mdting 
point  1 19.5**  (corr.).  Abt  gives  the  mdting  point  as  115®.  Crjrstalliza- 
tion  from  benzene  alone  is  not  very  satisfactory,  on  account  of  the  small 
temperattu-e  coeffident  of  solubility. 

3i4-Dimethoxy-quinazoline  was  obtained  from  the  dichloro  de- 
rivative by  following  the  directions  of  Bogert  and  May.'  Yidd,  26.5% 
of  the  theoretical  amount.  By  very  careful  purification,  involving  dis- 
tillation with  steam  and  reaystallization,  long,  white,  silky  needles  were 
secured,  m.  p.  74®,  which  mdting  point  could  not  be  raised  by  further  crys- 
tallization from  dil.  alcohol.  Abt*  gives  the  mdting  point  as  66**;  Bogert 
and  May,  as  67**.  It  was  further  proven  that  this  high  mdting  point  was 
not  due  to  any  admixture  of  1,3-dimethyl-benzoylene  urea,  as  the  latter 
is  not  volatile  with  steam,  and  the  addition  of  some  of  it  to  the  dimethoxy 
derivative  lowered  the  mdting  point  to  69.5-71.5®. 

J  Ber.,  38,  3559  (1905). 
«  /.  prakt.  Chem.,  [2]  39,  140  (1889). 
»  Tms  Journal,  31,  512  (1909). 
*  Loc.  cit. 
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I 1 

lya-Dimethyl-benzoylene  urea,  CH,NCOC6H4N(CHi)CO,  was  pre- 
pared first  by  Abt^  by  the  direct  methylation  of  benzoylene  urea,  or  of 
its  I-  or  3-nionomethyl  derivative,  with  methyl  iodide.  Later,  it  was 
produced  in  much  the  same  way  by  Bogert  and  May.* 

On  repeating  the  process,  the  crude  product  was  crystallized  from  50% 
alcohol,  giving  slender,  white  needles,  melting  p<Mnt  153-6**  (corr.).  These 
crystals  were  boiled  for  15  minutes  with  60  cc.  of  cone  hydrochloric  add, 
to  hydrolyze  any  methoxy  derivatives,  the  solution  made  slightly  alkaline 
with  sodium  hydroxide,  diluted  with  water,  the  oystals  filtered  out,  washed 
and  dried.  Slender,  white  needles  resulted,  m.  p.  167-8**  (corr.).  Abt 
gives  the  melting  point  of  this  compound  as  151**,  Bogert  and  May,  as 
163-5**.  The  melting  point  of  our  product  could  not  be  raised  further  by 
recrystallization,  nor  by  a  second  treatment  with  hydrochloric  add  fol- 
lowed by  recrystallization.  Yidd  of  crude  product,  94%  of  the  theoretical 
amount. 

The  alkaline  filtrate  from  the  first  hydrochloric  add  treatment  was 
addified  with  the  same  add,  the  predpitate  filtered  out,  washed,  dried  and 
crystallized  from  dil.  alcohol.  Fine,  white  needles,  m.  p.  237-8**  (corr.), 
were  thus  obtained,  which  contained  no  halogen.  Abt  gives  the  mdting 
point  of  3-methyl-benzoylene  tu'ea  as  234**,  as  does  also  Sdderbaum.* 
The  second  treatment  of  dimethyl-benzoylene  urea  with  hydrochloric 
add  yidded  no  monomethyl  derivative.  The  amount  of  monomethyl 
recovered  from  the  crude  dimethyl  derivative  was  always  considerable. 
Its  origin  is  evidently  to  be  ascribed  to  the  incomplete  methylation  of  the 
benzoylene  iu*ea,  inasmuch  as  piu*e  1,3-dimethyl-benzoylene  urea  is  un- 
changed by  boiling  hydrochloric  add,  and  because  we  obtained  the  same 
compound  from  benzoylene  urea  and  one  mole  of  methyl  iodide. 

1,3-Dimethyl-benzoylene  urea  is  not  appreciably  volatile  with  steam 
nor  is  it  changed  by  4  hours'  boiling  with  fuming  nitric  add  and  cone 
sulfiuic  add. 

3-Methyl-benzoylene  Urea. — Abt  reported  that  with  one  mole  of 
alcoholic  sodium  hydroxide,  he  obtained  a  monosodium  salt,  carrying 
alcohol  of  crystallization,  which  yidded  i-methyl-benzoylene  urea  (melt-, 
ing  point  147-8**)  on  treatment  with  methyl  iodide.  Our  results  do  not 
tally  with  this,  for  we  foimd  that  limited  methylation  of  benzoylene  urea 
gave  the  3-methyl  and  not  the  i-methyl  derivative. 

Eight  g.  of  benzoylene  turea  and  the  calculated  amount  (2  g.)  of  sodium 
hydroxide  were  dissolved  in  250  cc.  of  50%  methyl  alcohol  by  wanning. 
The  solution  was  cooled  to  room  temperature,  causing  the  monosodium 
salt  of  benzoylene  urea  to  separate;  8  g.  (calc.  7  g.)  of  methyl  iodide  was 

1  Loc,  cU. 

*  Ber.,  23,2183  (1890). 
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added,  the  solution  boiled  tinder  a  reflux  condenser  until  all  the  methyl 
iodide  had  disappeared  (3  hours),  filtered  hot,  and  the  filtrate  cooled.  The 
oystals  whidi  separated  were  filtered  out,  washed,  dissolved  in  150  cc.  of 
0.7  molar  sodmm  hydroxide  solution,  the  solution  filtered,  the  filtrate  acidi- 
fied with  hydrochloric  add,  the  precipitated  oystals  removed,  washed, 
and  dried  at  1 10**.  Yield,  7.5  g.,  or  80%  of  the  theoretical  amount  This 
crude  product  was  recrystallized  from  alcohol,  giving  slender,  white  needles, 
melting  point,  230-3**  (corr.).  Mixed  with  3-methyl-benzoylene  urea 
from  the  preparation  of  the  1,3-dimethyl  derivative,  a  melting  point  of 
230-6^  (corr.)  was  obtained. 

Since  the  purpose  of  this  synthesis  was  to  identify  the  monomethyl 
derivative  formed  in  the  preparation  of  the  dimethyl,  it  was  not  further 
purified.  In  the  synthesis  it  is  advisable  to  use  some  excess  of  methyl 
iodide,  since  it  is  much  easier  to  free  the  3-methyl  derivative  from  dimethyl 
than  from  benzoylene  tnrea  itself. 

From  the  first  filtrate,  acidified  with  hydrochloric  add,  a  small  amount 
(0.4  g.)  of  1,3-dimethyl-benzoylene  lurea  was  recovered. 

3-Methyl-benzoylene  urea  was  tmdianged  by  4  hours'  boiling  with  fum- 
ing nitric  and  cone,  sulftuic  adds. 

S-Nitro-2-nitrouramino-benzoic  Add  (Dinitro  (T-Uramino-benzoic 
Acid),  (2)Q,NNHCONHC«H,(NO»)(5)COOH(i).— In  1878,  Griess^  re- 
ported that  the  action  of  nitric  add  upon  o-tu:amino-benzoic  add  yidded 
but  one  dinitro  derivative,  and  that  this  product  resembled  in  its  general 
behavior  the  isomeric  dinitro  derivatives  of  the  tneta  and  para  series.  He 
gave  no  analytical  figures  or  further  characterization  of  the  new  dinitro 
add,  except  the  statement  that  when  boiled  with  water  it  yielded  5-mtro- 
anthranilic  add,  nitrous  oxide  and  carbon  dioxide.  This  work  we  have 
repeated  and  confirmed. 

Sixty  cc.  of  fuming  nitric  add  (sp.  gr.  1.5),  free  &om  lower  oxides  of 
nitrogen  was  cooled  to  — 5**  to  — lo**  and  7.5  g.  of  t7-uramino-benzoic  add 
added  slowly.  At  the  end  of  an  hour,  the  mixture  had  changed  to  a  pasty 
mass,  which  was  allowed  to  stand  for  3  hours  at  a  temperature  below  o^, 
then  poured  upon  500  g.  of  ice  and  filtered  immediatdy.  A  yellowish 
soKd  resulted,  which  softened  at  170**  and  largdy  distilled  to  a  bright, 
3rellow  liquid,  the  residue  decomposing  at  about  230**.  Yidd,  8  g.,  or 
76.3%  of  the  theoretical  amount. 

Considerable  difficulty  was  experienced  in  endeavoring  to  free  the  product 
from  the  nitro-anthranilic  add  into  which  water  slowly  decomposes  it. 
After  digestion  with  boneblack  in  anhydrous  acetone  solution  and  repeated 
crystallization  from  the  same  sblvent,  pale  greenish  yellow  plates  were 
obtained,  decomposing  at  256-8®  (corr.).  One  fraction  charred  without 
mdting  at  286-95®  (corr.),  the  others  gave  a  constant  decomposition  point 
*  Ber.,  11, 1730  (1878). 
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after  several  reaystaUizatioiis,  and  a  miztiire  of  the  two  deconqxised 
partially  at  256-8**  (corr.)»  the  remainder  charring  at  286-95*  (corr.). 
Both  forms  gave  5-nitro-anthranilic  acid  when  boiled  with  water. 

Analytical  figures  were  not  obtained,  for  the  reason  that  the  small 
amount  of  purified  material  available  was  lost  through  repeated  ezplosioiis 
in  the  combustion  tubes. 

The  substance  is  more  or  less  readily  soluble  in  methyl  or  ethyl  al- 
cohol, acetone,  eth3d  acetate  or  gladal  acetic  add;  but  is  practically  in- 
soluble in  ether,  benzene,  toluene,  ligroin,  chloroform,  carbon  tetrachloride 
or  carbon  disulfide.  It  oystallizes  &om  glacial  acetic  add  in  flat  prisms, 
decomposing  at  255-60**  (corr.).  In  boiling  water,  it  dissolves,  but  yellow 
needles  of  5-nitro-anthranilic  add  soon  separate;  cold  water  acts  similarly 
but  more  slowly.  The  action  of  sattnnted  aqueous  ammonia  at  100®  gave 
a  mixture  of  products  which  were  not  separated  or  identified  further  than 
to  prove  that  no  nitro-  or  dinitro-benzoylene  urea  was  present. 

Methyl  Ester. — Eighty  cc.  of  fuming  nitric  add  (sp.  gr.  1.5),  free 
from  lower  oxides,  was  cooled  to  — 5*^  to  — 10**,  and  10  g.  of  methyl-o- 
tu'amino-benzoate  added  slowly.  The  mixture  was  allowed  to  stand  for 
4  hours,  then  poured  upon  400  g.  of  ice  and  filtered  immediately.  The 
predpitate  when  spread  on  a  porous  plate  appeared  as  a  pasty,  salmon- 
colored  mass,  turning  to  buflf  when  fully  dried.  Crystallized  from  alcohol, 
in  presence  of  animal  charcoal,  pale  greenish  yellow  rhombic  plates  were 
obtained,  decomposing  at  184-5**  (corr.)  to  yellow  crystals  whidi  mdted 
at  217-33**  (corr.),  ndther  of  which  points  was  dianged  by  recrystalliza- 
tion  of  the  ester  from  absolute  or  diluted  alcohol.  Yidd,  7.5  g.,  or  52% 
of  the  theoretical  amount. 

Subs.,  0.163 1 :  28.10  cc.  N  at  18.5®  and  757.2  mm. 
Calc.  for  CfHi07N4:  N.  19.72.     Fomid:  19.68. 

Thecompound  ispracticallyinsoluble  in  chloroform,  carbon  tetrachloride, 
carbon  disulfide,  acetone  or  cold  water.  It  is  slightly  soluble  in  ligroin 
or  benzene;  and  more  or  less  easily  soluble  in  methyl  or  ethyl  alcohol, 
gladal  acetic  add,  ethyl  acetate  or  toluene.  Boiled  with  water,  it  gives 
methyl-5-nitro-anthranilate. 

The  dry  substance  when  heated  puffed  suddenly  at  about  180-5** 
(corr.)  with  formation  of  yellow  vapors.  The  residue  gave  36%  of  the 
dieoretical  yidd  of  niethyl-5-nitro-anthranilate,  together  with  small 
amounts  of  other  products  whidi  were  not  identified.  No  attempt  was 
made  to  identify  the  impure  crystalline  ydlow  product  (m.  p.  217-33^) 
resulting  from  the  action  of  heat  upon  the  ester,  other  than  to  estaMwh 
the  fact  that  it  was  not  a  nitro-benzoylene  mrea.  Treatment  of  the  ester 
with  oonc.  aqueous  sodium  hydroxide  or  sulfuric  add  also  gave  mixtures 
of  various  undetermined  products,  but  among  whidi  there  was  no  nitro- 
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or  dmitro-benzoylene  urea.    By  the  action  of  oonc  aqueous  ammonia 
upon  the  ester,  however,  6-iiitra-benzoylene  urea  was  obtaiiied. 

S^mtro-a-acetamino-benzoic  Add  (s^Nitro-acetantbranilic  Add), 
(2)CH,CONHCjas(NOi)(5)COOH(i).— 5.Nitro-2Hacetammo  toluene  (5- 
mtro-2-acetotoluide)  was  prepared  from  c.  p.  5-nitro-2-toluidme  (m.  p. 
129.5-32®,  corr.)  by  direct  acetylation  with  acetic  anhydride  in  glacial 
acetic  solution.  Yield,  jn-actically  the  theoretical  amount.  Pale  yellowish, 
silky  needles  (from  alcohol),  melting  point  197.5-8*^  (uncorr.),  or  204.-4.5® 
(cQrr.)»  as  reported  by  Bogert  and  Cook.^ 

l^om  this  acetamino  derivatii^,  5-^mtro-2-acet«nthranilic  add  was  ob- 
tained by  oaddatton  with  potassium  permanganate,  following  the  process 
of  Bogert  and  Cook,  in  Ught  yellow  prisms  (from  water),  melting  point 
218®  (corr.).  Yidd,  65.5%  of  the  theoretical  amount.  Some  nitro- 
antliramUc  add  was  secovered  from  the  filtrate. 

Bwtum  Salt. — Bright  yellow  tufts  of  fine  hairs,  or  fiat  prisms;  slightiy 
sduUe  in  cold  water,  eadly  in  hot. 

Caldum  Salt — Similar  to  the  baritmi  salt,  exc^t  that  it  crystallizes 
iniKedles. 

Fenic  Salt. — Dull,  chocolate,  gelatinous  precipitate,  only  slightiy 
soluble  in  hot  water,  from  whidi  it  separates  in  amorphous  condition. 

Copric  Salt — ^Light  green,  gdatinous  predpitate,  crystalUziag  from 
water  in  fine,  green  hairs.    SohiUe  in  ammonitnn  hydroxide  solutions. 

Lead  Salt. — Bright  yellow  predpitate,  crystallizing  from  water  in 
balls  of  hair-like  needles. 

Sihrer  Salt — Cmdy,  light  yellow  predpitate,  resembling  silver  iodide, 
and  crystallizing  from  water  in  sheafs  of  hair-Hke  needles. 

Many  of  the  statements  in  the  literature  concerning  this  add  are,  to  say 
the  least,  confusing. 

Rupe*  by  direct  nitration  of  acetanthranilic  add  with  mixed  acids  at 
about  40^,  daimed  to  have  obtained  the  5^tro  derivative,  and  gave  a 
mdting  point  of  152^  for  his  add.  We  have  repeated  Rupe's  furocesa 
and  by  freqpient  crystallization  of  the  product  from  water  have  obtained 
a  stA)6tanoe  mdting  at  174-7^  (corr.),  which  was  evidentiy  still  impure, 
its  impurities  being  probably  nitro-anthranilic  add  formed  by  de-acetyla- 
tion'  and  />-nitr8niline  formed  by  loss  of  carbon  dioxide  from  the  latter. 

UUmann  and  Ui^ddan^  make  the  astoni^iing  announcement  that  they 
prepared  5-nitro-acetanthranilic  add  by  oxidaticMi  of  4-uitro^aoetotoluide 
of  mdting  point  151  ^  This  may  have  been  due  to  an  error  in  cop3ring, 
with  the  mdting  point  filled  in  from  Bdlstein  and  not  from  the  laboratory 
note  book,  as  the  add  obtained  was  evidentiy  the  5^tro  derivative. 
^  This  Journal.  aS^  145 1  (1906). 
»  Ber.,  30,  1097  (1897). 

•  Compare  Sejdel  and  Bittner,  Monatsh.,  23,  435  (1902). 

*  Ber.,3^f  i797  (1903). 
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Baly,  Tudc  and  Marsden^  prepared  the  add  both  by  oxidation  of  the 
nitro-acetotoluide  with  potassimn  permanganate  and  by  direct  nitration 
of  aoetanthranilic  add,  daiming  a  yidd  by  the  latter  method  of  85%. 
They  failed  to  record  the  mdting  point  of  their  products,  however.  Num- 
erous repetitions  of  this  direct  nitration  method,  have  iaHed  to  3ddd  us 
pure  jn-oducts,  the  results  being  much  the  same  as  from  the  Rupe  method. 
By  nitrating  at  lower  temperatures,  however,  a  fairly  good  product  was 
secured. 

Ten  g.  of  acetanthranilic  add  was  added  slowly  to  20  cc  of  fuming  nitric 
add  (sp.  gr.,  1.5),  keeping  the  temperature  bdow  5^  The  mixture  was 
maintained  at  that  temperature  for  4  hours,  then  for  2  hours  at  laborattny 
temperature,  when  a  red  color  devdoped.  It  was  poured  upon  ice  and  tl»& 
lig^t  yellow  predpitate  recrystailized  from  alcohol  in  presence  of  animal 
charcoal.  Yidd,  5  g.,  or  39%  of  the  theoretical  amount;  mdting  point, 
2o6~io^  (corr.).  Further  reoystallization  from  alcohd  raised  the  mdting 
point  to  214-5  ^  (oorr.).  This  product  was  hydrdyzed  to  nitro-anthranilic 
add  without  further  purification. 

S-Nitro-2-amino-benzoic  add  (s-nitro-anthranilic  add),  was  pre- 
pared according  to  the  jn-ocess  of  Rupe*  by  boiling  the  forq|oing  ac^yl 
derivative  with  cone,  hydrochloric  add  and  reaystallizing  the  product 
from  the  dil.  add.  Long,  br^^t  yellow  needles  were  thus  secured,  which 
blackened  at  240-50^  (corr.),  and  mdted  with  decomposition  at  275—6® 
(corr.).    Yidd,  98%  of  the  theoretical  amount. 

The  pure  add  separates  from  95%  alcohol  in  pale  ydlow,  satiny  Uades; 
from  water,  or  dilute  alcohd,  in  fine,  golden  yellow  needles.  Recrystai- 
lized to  constant  decomposition  point,  it  decomposes  at  278®  (corr.), 
with  blackening  and  some  sublimation  above  240®.  As  the  decomposition 
point  varies  considerably  depending  upon  the  rapidity  of  the  heating,  it 
is  not  surprizing  that  the  mdting  point  (really  decomposition  point)  re- 
corded in  the  literature  shows  a  confusing  range,  being  variously  stated 
from  261®  to  280^ 

The  solubilities  of  the  add  were  determined  roughly  at  laboratory  tem- 
perature (about  18®)  by  taking  a.  known  volume  of  saturated  solution, 
evaporating  to  dryness  and  wdghing  the  residue.  The  results  expressed 
in  g.  per  liter  were  as  follows:  water,  i.o;  glacial  acetic  add,  3.0;  mixture 
of  gladal  acetic  add  and  ethyl  acetate  (50: 50),  4X>;  ether,  7.0;  ethyl  ace- 
tate, 7.5;  alcohoVi4-o;  boiling  gladal  acetic  add,  15.0-20.0. 

Salts. — ^The  sodium,  potassium  and  ammonium  salts  are  moderately 
soluble  in  cdld  water,  easily  soluble  in  hot.  Allformfine,  brownish  orange 
needles,  those  of  the  sodium  salt  being  rather  darker  than  the  other  two. 

Methyl  Ester. — ^This  was  formed  by  esterification  of  the  add  with 
*  /.  Chem,  Soc,  97, 1502  (1910). 
*Loc,cit, 
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either  methyl  alcohol  and  hydrochloric  add,  or  with  methyl  sulfate. 
Yield  by  the  former  method,  6i%  of  the  theoretical  amomit;  by  the  latter, 

46-5%. 

Recrystallized  from  slightly  diluted  alcohol  until  the  melting  point 
remained  constant,  it  formed  pale  yellow  needles  of  greenish  tinge,  mdting 
point  168®  (corr.),  difficultly  soluble  in  cold  water,  more  or  less  readily 
solohle  in  the  other  ordinary  solvents.  It  is  slowly  volatile  with  steam 
with  partial  decomposition,  and  can  be  sublimed  unchanged. 

Subs.,  0.1457: 18-32  cc  N  at  19-5 **  a&d  765.0  mm. 
Calc.  for  CfHtOiNs:  N,  14.39.    Pound:  14.43. 

All  e£Fort8  to  convert  this  ester  into  the  amide  by  the  action  of  ammonia 

proved  fruitless,  the  ammonium  salt  of  the  add  being  the  only  product. 

This  ooinddes  with  the  experience  of  Thieme^  in  the  case  of  the  ethyl  ester. 

I 1 

6-Nitro-4-quinazoIone,   NHC0C«Ha(NQ2)N  :CH.— A   mixture   of    lo 

g.  of  5-nitro-anthranilic  add  and  lo  g.  of  formamide  (calc.  2  g.)  was  fused 

at  150-70*  for  6  hours,  the  mdt  cooled,  extracted  with  40  cc.  of  cold  water, 

and  the  residue  crystallized  from  50%  acetic  add.    Light  brown  prisms 

resulted,  mdting  point  283-5"*  (corr.).    Yidd,  3.5  g.,  or  33.4%  of  the 

theoretical  amount.    Dissolved  in  alkali  and  repredpitated  with  acetic 

add,  pale  brownish  crystals  were  obtained,  m.  p.  286-7*  (corr.). 

Bogert  and  Gdger*  nitrated  4-quinazolone  and  obtained  a  nitro  deriva- 
tive, m.  p.  286.5-7.5*  (corr.),  which  they  believed  to  be  the  6-nitro-4- 
quinazolone.  The  compound  prepared  from  5-nitro-anthranilic  add,  as 
described  above,  proved  to  be  identical  in  all  respects  with  the  product 
of  Bogert  and  Gdger,  and  the  melting  point  of  a  mixture  of  the  two  was 
285.5-6.5*  (corr.).  This  supplies  the  sjmthetic  proof  that  the  product 
of  direct  nitration  of  4-quinazolone  is  really  the  6-nitro  derivative. 

Experiments  on  the  availability  of  this  compound  as  an  indicator  showed 
that  its  range  of  color  diange  was  from  index  7  to  9.3,  and  the  change  from 
colorless  to  greenish  yellow.  To  get  a  satisfactory  color,  it  was  found 
necessary  to  use  10  drops  of  a  0.05  molar  solution.  This  is  too  concen- 
trated for  good  results,  and  the  free  nitro-quinazolone  was  predpitated 
in  add  solutions. 

6-Nitro-2-methyl-4-quinazolone  was  also  tested  for  use  as  an  indicator. 
Its  range  of  color  diange  proved  to  be  from  index  7.2  to  9.5.  Otherwise, 
it  behaved  exactly  like  the  6-nitro-4-quinazolone. 

Summary. 

I.    A  further  study  has  been  made  of  the  preparation  and  properties  of 
benzoylene  urea,  and  of  the  following  derivatives:  6-nitro,  6,8-dinitro, 
6,8-diamino,  3-monomethyl  and  1,3-dimethyl. 
"  /.  prakt.  Chem.,  [2  J  43,  470  (1891). 
•  This  Jox7RNAt»  34,  524  (1912). 
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2.  In  the  methylation  of  benzoylene  tirea,  results  have  been  obtained 
differing  from  those  of  Abt. 

3.  Dichloro-  and  dimethoxy-qninazoline  have  been  prepared  in  purer 
form  than  hitherto. 

4.  Our  knowledge  of  t7-uramino  benzoic  add  emd  of  its  cUnitro  derivathre 
has  been  extended. 

5.  5-Nitro-anthraniKc  add  and  its  acetyl  derivative  have  been  studied 
and  some  of  the  existing  confusion  in  the  literature  deared  up. 

6.  The  structure  of  6-nitro-4-quinazolone  has  been  proven  by  its  syn- 
thesis from  5-nitro-anthranilic  add. 

7.  The  serviceability  of  certain  quinazolines  as  indicatcn^  has  been  tested. 

8.  The  following  new  compounds  have  been  prq>ared :  metiiyl-o-ununiao 
benzoate,  the  sodium  salt  of  6-nitro-benzoylene  urea,  the  potassium  and 
ammonium  salts  of  6,8-dinitro-benzoylene  turea,  methyl-dinitro-t7-uramino 
benzoate,  various  salts  of  5-nitro-acetanthranilic  add  and  of  s-nitro- 
anthramlic  add,  and  the  methyl  ester  of  the  latter. 

NBW  York,  N.  Y. 


[CONTRIBUTIOK   FROM    TH«    LABORATORY    OP    ORGANIC    CHBHISTRY    OP   TH«   STATS 

Uniybrstty  of  Iowa.] 

MOLECULAR  REAKRAHGEMENT  IN  THE  ACYLATION  OP  CER- 
TAIN AMINOPHENOLS. 

By  L.  Chas.  Raipord. 

Received  September  19,  1919. 

During  the  coturse  of  a  research  now  in  progress  in  this  laboratory, 
the  purpose  of  which  is  the  study  of  the  steric  rdations  involved  in  the 
a<ylation  of  aminophenols,  it  became  necessary  in  the  identification  of 
one  of  the  products  isolated  to  prepare  a  diacylated  derivative  of  an  ^ 
aminophenol  in  which  the  acyl  radios  bound  to  oxygen  and  to  nitrog^en, 
respectivdy,  were  different.  In  the  case  under  consideration  the  two 
radicals  were  acetyl  and  benzoyl.  It  may  be  stated  at  the  outset  that 
further  examination  of  the  product  showed  that  the  heavier  of  these 
radicals,  benzoyl  in  this  case,  was  always  fotmd  attached  to  nitrogen,  re- 
gardless of  the  order  in  which  they  were  introduced,  which  indicates  that 
a  rearrangement  must  have  occurred  in  one  case. 

As  will  appear  bdow,  the  rearrangement  in  this  case  invcdved  the  migra- 
tion of  acetyl  from  nitrogen  to  oxygen,  and  possibly  the^hift  of  benzoyl 
in  the  opposite  direction,  though  the  mechanism  of  the  reaction  has  not 
yet  been  satisfactorily  determined.  The  migration  of  acyl  from  oxygen  to 
nitrogen  has  previously  been  observed  in  several  different  cases,  following 
the  work  of  Bottcher^  on  2-benzoyl-aminophenol.*  The  replacement  of 
1  Ber.,  i6,  629  (1883). 

*  For  a  bibliography  of  the  subject  see  Weyl,  "Die  Methoden  der  Organisdien 
Chemie,"  II,  p.  1281;  Ldpzig,  191 1  (Thieme). 
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Vl  lighter  acyl  radical  (acetyl)  by  a  heavier  one  (w-nitrobcnzoyl)  was  re- 
corded by  Torrey  and  Kipper*  and  the  migration  of  acyl  from  nitrogen  to 
oxygen  has  been  observed  by  Willstatter  and  Veraguth*  and  by  Awwers;* 
but,  so  far  as  the  writer  is  aware,  the  exact  behavior  described  in  the  present 
research  has  not  hitherto  been  reported.  Rsmsom,*  it  is  true,  has  pre- 
pared diacylated  o-aminophenols  in  which  the  acyl  groups  are  different, 
and  Ransom  and  Nelson*  as  a  result  of  further  study  of  the  reactions  in- 
volved, state  "that  when  two  carboxyl  radicals  (COOR  and  COORi) 
are  introduced  into  the  molecule  of  o-aminophenol  the  lighter  one  becomes 
attached  to  nitrogen,  the  position  not  being  influenced  by  the  order  in 
which  the  groups  are  introduced;  and  that  to  accomplish  this,  a  molecular 
rearrangement  occurs  in  one  case.  This  is  also  true  when  both  of  the  rad- 
icals are  carbonyls  (COR  and  CORi).'*  In  the  light  of  these  statements 
the  results  obtained  in  the  research  described  below  were  tmexpected,  and 
this  made  it  a  matter  of  much  interest  to  determine  whether  the  present 
observation  represented  merely  an  isolated  case  or  was  an  example  of  a 
more  general  reaction. 

The  base  employed  in  the  first  experiments  was  2-amino-4-methyl-6- 
bromophenol.*  When  this  was  warmed  with  anhydrous  sodium  acetate 
and  the  necessary  amotmt  of  acetic  anhydride,  in  the  usual  way,  it  was 
converted  into  a  diacetyl  derivative.  Treatment  of  the  latter  with  a  cold 
dilute  solution  of  sodium  hydroxide  caused  saponification  to  take  place 
rapidly  at  the  o-connection,  giving  2-acetylamino-4-methyl-6-bromophen(d. 
When  this  phenol  was  subjected  to  the  Schotten-Baumaon  reaction  with 
benzoyl  chloride,  the  reaction  proceeded  smoothly  and  rapidly  to  give  an 
acetyl-benzoyl  derivative.  Saponification  of  the  latter  product  with  al- 
kali took  place  somewhat  more  slowly  than  was  the  case  with  the  diacetyl 
derivative,  and  the  phenoUc  substance  that  resulted  was  not  the  2-acetyl- 
aniino-4-methyl-6-bromophenol  which  was  used  in  preparing  the  acetyl- 
benzoyl  derivative,  and  which  one  might  expect  to  obtain  if  saponification 
again  took  place  at  the  (^connection  and  no  rearrangement  had  occurred, 
but  2-benzoylamino-4-methyl-6-bromophenol.  The  identity  of  the  last 
named  product  was  established  by  synthesizing  it  in  a  wholly  different  way, 
viz.t  by  treatment  of  an  ethereal  solution  of  the  &ee  aminop(henol  with 
benzoyl  chloride  as  described  by  Ransom,^  and  by  showing  that  the  benzoyl 
derivative  thus  obtained  couM  readily  be  converted,  by  acetylation  in 
the  usual  way,  into  the  acetyl-benzoyl  derivative  whose  structure  was  in 

1  This  Journal,  30,  859  (1908).  • 

«  Ber.,  40,  1432  (1907). 

*Ibid.,  40,  2154  (1907). 

*  Am,  Chem.  J.,  23,  i  (1900). 

»  Tms  Journal,  36,  390  (1914)- 

•  Ann.,  311,  375  (1900). 
^  Loc.cU, 
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question.  Prom  these  reactions  it  appears  that  the  rearrangement  occurred 
during  the  introduction  of  the  benzoyl  radical  into  2-aoetylamino-4-methyl- 
6-brom0phen61,  and  not  during  the  saponification  of  the  resulting  acetyl- 
benzoyl  compound.  Similar  results  were  obtained  when  these  experiments 
were  repeated,  using  2-amino-4,6-dibr<Mnophenol  as  the  starting  base 
(see  experimental  part).  The  reactions  involved  with  the  first  of  these 
bases  may  be  briefly  summarized  as  fdlows: 

OH  OCXK:Ht  OH 

Bi/^jNH,    Bi/AnHCOCH, 


I       J  aoetylated       1       J  saponified 


CH.  CH, 


COCOIs 


acetylated 


CH.  s^poni&td  ^^ 

The  suggestion^  that  the  behavior  of  the  compounds  here  described 
might  be  explained  by  the  possibility  that  both  acyl  radicals  were  bound 
to  nitrogen,  and  that  the  substances  belong  in  the  dass  known  as  alkali- 
insoluble  phenols,  does  not  seem  to  be  in  agreement  with  the  facts.  In 
the  first  place,  the  compounds  are  not  insoluble  in  alkali  solution,  although 
the  ease  with  which  solution  takes  place  is  not  the  sapie  for  all  cases.  The 
fact  that  a  diacetyl  derivative  dissolves  (through  saponification)  more 
rapidly  than  the  corresponding  acetyl-benzoyl  compound,  and  an  un- 
substituted  diacyl  derivative  dissolves  more  quickly  than  a  substituted 
one,  could  possibly  be  explained  by  steric  hindrance.  It  should  be  noted, 
also,  that  the  concentration  of  the  alkali  solution  here  used  did  not  ex- 
ceed 1%  and  that  the  reactions  took  place  at  room  temperature,  while 
that  employed  by  Torrey  and  collaborators*  and  by  Adams*  in  testing 
the  solubility  of  alkali-insoluble  phenols  had  a  concentration  of  io% 
and  was  often  used  at  the  boiling  point.  Moreover^  Adams  has  shown 
that  the  insolubility  in  alkali  of  the  dass  of  so-called  alkali-insoluUe 
phenols  represented  by  the  phenylhydrazones  of  <7-hydrox3raldehydes  and 
ketones  depends  chiefly  upon  (i)  the  tendency  of  the  soditun  salts  of  these 
phenols  to  hydrolyze,  (2)  the  extreme  insolubility  of  the  free  phenols  in 

^  Made  during  the  discussion  at  the  time  this  paper  was  presented  in  abstract  at 
the  Philadelphia  meeting  of  the  American  Chemical  Society,  September  5,  19 19. 
«  Loc.  cit, 
*  Tras  JouRNAi*,  4X»  247  (1919). 
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water,  (3)  the  temperature  of  the  alkali  solution,  and  (4)  the  increase  in 
molecular  weight  brought  about  by  the  introduction  of  any  atom  or  group 
of  atoms  into  any  part  of  the  molecule,  and  not  upon  the  structure  of  the 
compound,  except  in  the  case  of  the  nitro  dmratives.  In  addition  to 
these  (fifferences,  many  of  the  alkali-insoluble  phenols  are  highly  colored, 
while  only  a  few  ci  the  compounds  here  investigated  had  even  a  sUght 
color  and  most  of  them  were  coiorless.  Finally,  no  diacylated  amino- 
phenols  having  both  acyl  radicals  attached  to  nitrogen  seem  to  have  been 
reecvded  in  the  Hterature,  and  specific  attempts  by  Tingle  and  Williams^ 
to  pi?epare  them  were  unsuccessful. 

As  has  been  noted  above.  Ransom*  found,  in  the  diacylated  amino- 
phenols  prepared  in  his  work,  that  the  lighter  acyl  radical  was  always 
attached  to  nitrogen,  and  that  in  the  work  here  reported  the  heavier  of 
the  two  acyls  went  to  nitrogen.  In  comparing  these  results,  and  in  try- 
ing to  account  for  the  differences,  it  seemed  necessary  to  consider  the  fact 
that  Ransom's  w^n-k  was  done  with  (^aminophenol  in  which  there  were 
no  add-fommig  substituents,  while  two  of  the  bases  employed  in  my  work 
had  a  part  of  the  benzene  hydrogen  replaced  by  bromine.  Recent  work' 
in  this  laboratory,  as  well  as  the  results  of  work  done  elsewhere,  indicates 
that  the  reactions  oi  a  pheaolic  hydroxyl,  or  of  an  amino  group  attached 
to  a  benzene  ring,  may  be  very  appreciably  modified  by  the  presence  of 
acid-fonning  substituents  in  the  ring.  On  this  account  it  seemed  desirable 
to  repeat,  with  a*aminophenol,  all  the  experiments  that  had  been  carried 
out  with  the  substituted  bases  specified  above.  This  was  done,  care  being 
taken  to  duplicate  conditions  as  far  as  possible  in  all  cases.  The  results, 
however,  show  that  the  same  type  of  migration  occurred  in  both  instances, 
from  which  it  appears  that  the  add-forming  substituents  are  not  alone 
responsible  for  the  rearrangement. 

Work  is  in  progress  with  bases  containing  other  substituents,  in  which 
an  attempt  will  be  made  to  determine  whether  the  rearrangement  observed 
is  depen<knt  on  the  differences  in  weight  of  the  radicals  used,  their  chemical 
chantcteristics,  or  upon  the  rdative  positions  of  the  hydroxyl  and  amino 

S^^P"-  Experimental. 

2-Benzoylamino-4-methyl-6-bromophenyl  Acetate,  C6H2(OCOCH8)- 
(NHCOC«H«)CH8.Br.— The  starting  point  in  the  preparation  of  this 

^  Am,  Chem.  /.,  37,  51  (1907). 

•  Loc.  cit. 

»  XlnpubKslied  research.  Mr.  R.  L.  Howard  has  found  that  the  amount  of  phenolic 
ether  formed  by  several  different  methods,  and  the  extent  to  which  such  ethers  can  be 
decomposed  by  heating  them  with  ammonia  imder  pressure,  may  depend,  to  a  very 
considerable  extent,  on  the  presence  of  acid-forming  substituents,  while  Mr.  R.  Taft 
has  shown  that  the  formation  of  diacetanilides  is  accelerated  by  the  presence  of  such 
substituents  in  certain  positions.  In  both  cases  the  ortho  position  seems  to  exert  the 
greatest  influence. 
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compound  was  fn-tdtro-p-cr^esol,^  whidi  was  first  bronunated  accordiiig' 
to  the  method  used  by  Thide  and  Bichwedc.^  A  mttdi  better  3rield  of  a 
purer  product  was  obtained  by  a  modificatbn  of  Zindce  and  Wiederhohl*^ 
method.'  The  bromination  was  carried  out  in  dalorofiorm  s<^tion»  tstng 
a  slight  excess  of  bromine,  in  the  presence  of  iron  fiUap*  and  after  allowing 
the  mixttire  to  stand  for  48  hours  the  chloroform  was  removed  by  distilla- 
tion. At  this  point  Zincke  and  WiederlK^  purified  their  bromine  ikitva- 
tives  by  distillation  or  by  crystallizatioci,  according  to  the  vci&iSitj  oi 
the  product  in  question.  In  the  present  case  it  was  found  more  satisfatc- 
tory  to  boil  the  residue  with  ammonia  water  and  filter^  whidi  removed  the 
nitrobromocresol  in  the  form  of  its  ammffliitim  salt  and  left  tine  iron  ocnn- 
pounds  in  the  flask.  The  ammonhim  salt  was  next  decomposed  by  hydro- 
chloric add  and  the  free  nitro  compound  that  separated  was  furtiier  puri- 
fied by  repeated  crystallization  from  alcohcd,  from  which  it  sepaiated  in 
the  form  of  orange-colored  le^ets  that  mdted  at  69  ^,  in  agreement  with  the 
observations  of  Thide  and  Eidrf?ede.^  The  yield  of  pore  nASterial  was 
about  65%,  but  this  may  be  increased  very  much  by  w(»idfigtq[>tibe  mother 
liquors. 

2-Amino-4-methyl-*6-bromophen€3|  CflH3OH.NHt.CHs.Br. — To  pre- 
pare the  hydrochloride  of  this  aminophenol,  Thide  and  ^diwede  reduced 
the  nitro  compound  mentioned  above  by  means  of  stannous  chloride  and 
hydrochloric  add  disscdved  in  glacial  acetic  add,  and  removed  the  tin 
salt  with  hydrogen  sulfide.  In  my  work  the  reduction  was  carried  out  very 
quickly  and  the  separation  from  tin  salt  effected  by  nmdi  less  labor  by 
following  the  method  described  by  Raiford.*  Prom  the  hydrochloride 
thus  obtained,  dissolved  in  water,  the  free  base  was  prepared  hy  adding 
a  solution  of  ammonium  carbonate.  The  predpitated  base  was  filtered 
off  at  once,  washed  with  several  portions  of  water,  and  dried  on  day  plate, 
in  which  condition  it  mdted  at  92-3^.  Crystallizaticm  from  alcohol  did 
not  diange  the  mdting  point. 

2-Acetyiamino-4-meth}l-6-bromophenyl  Acetate,  CaHsCOCOCHi)- 
(NHCOCH3)CH3.Br. — One  molecular  proportion  (2.5  g.)  of  the  base 
described  above  was  mixed  with  an  equal  wdght  of  anhydrous  sodium 
acetate  and  about  3  cc.  (two  mols.)  of  acetic  anhydride.  The  mixture, 
which  became  very  warm  at  once,  was  further  heated  over  a  direct  flam^ 
until  the  whole  was  fluid,  after  which  it  was  allowed  to  stand  imtil  it  reached 
the  room  temperature.  The  crystalline  soUd  was  next  triturated  tmth 
enough  water  to  dissolve  the  sodium  acetate  present,  and  the  mixture 

*  Ber.,  34,  i960  (1891). 
^Ann.,  311,  375  (1900). 
'  Ibid.,  320,  202  (1902). 

*  Loc.  cit. 

*  Am.  Chem.  J.,  46,  419  (191 1). 
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Altered.  The  dried  residue  began  to  shrink  at  about  155^  and  was  en- 
tirdy  mdted  at  i6d*.  Two  crystallizations  from  aloohcd  gave  a  product 
that  softened  at  160^  and  melted  at  169^.  A  second  portion  was  purified 
as  fdllows:  A  hot  concentrated  chloroform  solution  of  the  substance  in 
a  suitable  flask  was  placed  under  a  reflux  condenser,  and  the  liquid  raised 
to  the  boiling  pdnt  Through  the  condenser  tube  ligroin  (Ix  p.  80-90**) 
was  slowly  dropped  until  the  solution  began  to  deposit  crystals,  after  which 
the  flask  was  removed  and  allowed  to  cool.  This  treatment  gave  beautiful, 
colorless,  feathery  crystals  that  showed  signs  of  softening  at  160^  and 
melted  sharply  at  169  ^.  This  compound  is  soluble  in  other  organic  solvents 
but  none  gave  as  satisfactory  crystals  as  the  mixture  named  above.  It 
dissolves  readily  in  cold  solution  of  sodium  hydroxide^  which  saponifies 
it  at  the  (^-connection.  Analysis*  for  halogen  indicated  a  diacetyl  compound. 

Subs.,  0.2014;  AgBr,  0.1331. 

Calc.  for  CiiHnOsNBr:  Br,  27.95.    Pound:  28.12. 

2*Acet)iftmino-4-metii]4-^-bromoph6nol,  CiHiOH(NHCOCHs)CHs.- 
Br.— 2.86  g.  of  the  above-described  diacetyl  compound  was  diaken  with 
75  cc.  of  cold  water  containing  i.  o  g.  of  sodium  hydroxide  until  practically 
all  solid  had  disappeared  and  the  liqud  had  a  pale  yellow  color.  The 
mixture  was  then  filtered,  the  dear  filtrate  acidified  with  hydrochloric 
add,  and  the  predphate  that  formed  immediatdy  was  filtered  off,  washed 
with  water  and  dried.  The  precipitate  wdghed  2.17  g.,  which  corresponded 
to  a  yield  of  about  89%  calculated  on  the  basis  of  a  monoacetyl  compound 
as  the  product.  The  crude  material  mdts  at  127-8^,  and  is  soluble  in 
scdittions  of  caustic  alkalies  from  which  it  is  predpitated  unchanged  by 
adds,  indicating  the  phenolic  diaracter  of  the  substance.  It  is  soluble 
in  the  usual  organic  solvents,  but  was  best  crystallized  from  water  out  of 
which  it  was  deposited  in  long,  colorless,  silky  needles  that  mdted  at  129^. 
Analysis  for  bromine  gave  the  following  figures,  which  agree  with  the  for- 
mula for  a  monoacetylated  compound. 

Subs.,  0.0889;  AgBr,  0.0687. 

Calc  for  CtHioOtNBr:  Br,  32.76.    Pound:  32.88. 

Action  of  Benzoyl  ChlMide  on  2-Acet^a]nino-4-methyl-6-hromophenol. 
^^^'<^n  g*  ^  tbe  monoacetylated  compound  described  above  was  dissolved 
in  a  sotution  made  up  of  50  cc.  of  cold  water  and  0.15  g.  (1.25  mds)  of 
soffiam  hydroodde.  0.6  g.  of  benzoyl  chloride  was  next  added  and  the 
iriiole  shaken  until  the  odor  of  the  chloride  had  disappeared.  The  color- 
less scdid  wbidi  began  to  precipttate  immediately  was  finally  filtered  out, 
washed  with  several  portions  of  water  and  dried.    A  quantitative  yield 

*  The  stgnMcftnce  of  this  behavior  will  be  discussed,  along  with  other  cases,  in  a 
future  coBUmniication. 

'  I  am  indebted  to  Mr.  R.  L.  Howard  for  the  analsrsis  of  this  and  the  compound 
next  described. 
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was  obtained.  In  this  condition  the  product  began  to  shrink  at  about 
1 60^  and  was  melted  at  168^.  Repeated  oystallization  from  alcohol 
gave  colorless  fibrous-looking  masses  made  up  of  very  short  prisms  that 
melted  at  172^.  Analysis  for  bromine  gave  results  that  are  in  agreement 
with  a  formula  that  requires  both  a  benzoyl  and  an  acetyl  radical  and  the 
other  reactions  of  the  compound  (see  below)  support  this  view. 

Subs.,  0.2457;  AgBr,  0.1338. 

Calc.  for  Ci«Hi<OtNBr:  Br,  22.97.    Found:  23.17. 

Proof  of  the  Structure  of  2-Benzo^amino-4-meth;lr6-bromo{ihen]A 
Acetate. — 0.7  g.  of  the  benzoyl-acetyl  compound  described  above  was 
mixed  with  25  cc.  of  water  containing  a2  g.  (2.5  equivalents)  of  sodium 
hydroxide,  and  shaken  for  some  minutes.  It  was  noted  that  solution  took 
place  much  more  slowly  than  in  the  case  (see  above)  where  both  acyl 
radicals  were  acetyl,  and  on  this  account  the  mixture  was  allowed  to  stand 
overnight.  The  slight  amount  of  tmchanged  material  was  removed  by 
filtration,  and  the  dear  filtrate,  which  was  yellow  in  color,  was  acidified 
by  hydrochloric  add.  A  yellowish  solid  that  appeared  mudi  like  sand 
upon  standing  was  predpitated.  The  mdting  point  of  the  crude  product 
was  about  165^,  but  was  not  sharp.  The  substance  is  readily  soluble  in 
solutions  of  caustic  alkali,  from  which  adds  precipitate  it  in  the  unchanged 
condition.  It  is  soluble  also  in  chloroform,  ether,  and  alcohol,  but  was 
best  crystallized  from  70%  alcohol,  from  which  it  separated  in  the  form  of 
slender,  fawn-colored  needles  that  mdted  at  185®.  This  mdting  point, 
together  with  the  other  properties  and  the  analysis  given  bdow,  show  that 
the  compound  tmder  consideration  cannot  possibly  be  2-acetylamino-4- 
methyl-6-bromophenol  (m.  p.  129**)  described  on  page  2073.  The  results 
of  the  anal3rsis  for  bromine  are  in  accordance  with  the  requir^nents  of 
the  formula  for  2-benzoylaniino-4-methyl-6-bromophenol. 

Subs.,  0.2002;  AgBr,  0.1242. 

Calc.  for  Ci4Hi,0jNBr:  Br.  26.1a.    Pound:  26.39. 

In  order  to  identify  further  the  compotmd  just  described,  and  to  jn-ove 
that  the  benzoyl  radical  in  it  was  attached  to  nitrogen,  a  portion  of  2- 
benzoylamino-4-methyl-6-bromopbenol  was  prepared  in  accordanoe  with 
the  method  used  by  Ransom^  in  which  one  molecule  of  benzoyl  chloride 
was  slowly  added  to  an  ether  solution  of  two  molecules  of  the  aminophenol 
mdting  at  92-3^  (p.  2072).  After  the  hydrochloride  of  the  base,  idnch 
was  rapidly  predpitate,  was  filtered  off,  the  remaining'solution  was  allowed 
to  evaporate  spontaneously.  The  residue,  which  mdted  at  I82-^^ 
was  dissolved  in  sodium  hydroxide  solution,  the  Uquid  filtered  and  the 
dear  filtrate  addified  with  hydrochloric  add.  The  predpitated  phenol 
was  collected  on  a  filter,  washed  several  times  and  dried.  It  mdted  sharply 
at  185^  and  a  mixture  of  this  product  and  the  phenolic  compound  obtained 
^Am,  Chem.  J.,  23,  17  (1900). 
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by  saponifying  the  benzoyl-acetyl  derivative  described  on  page  2074 
melted  at  the  same  temperature  as  either  of  them  separately,  185  ^  In 
the  saponified  product,  therefore,  the  benzoyl  radical  is  bound  to  nitrogen. 

Further  proof  of  the  relationship  of  the  product  obtained  by  benzoylat* 
ing  2-amino-4-methy-6-bromophenol  and  that  produced  by  benzoylating 
2-acetylamino-4-methyl-6-bromophenol  was  secured  by  acetylating  the 
compound  that  resulted  in  the  first  case.  0.25  g.  of  the  phenol  prepared 
by  Ransom's  method  was  mixed  with  an  equal  weight  of  anhydrous  sodium 
acetate  and  the  requisite  quantity  of  acetic  anhydride,  and  warmed  until 
the  whole  was  fluid.  After  cooling,  the  product  was  freed  from  sodium 
acetate  and  crystallized  from  alcohol  until  the  melting  point  was  constant. 
The  substance  obtained  melted  at  170-1^,  and  a  mixture  of  this  and  the 
benzoyl-acetyl  derivative  described  on  page  2074  showed  no  depression. 
This  behavior  shows  that  in  the  benzoylation  of  2-acetylamino-4-methyl- 
6-bromophenol  the  acetyl  radical  migrates  to  oxygen  while  the  benzoyl 
radical  attaches  itself  to  nitrogen. 

To  test  further  the  rearrangement  shown  above  it  was  thought  de- 
sirable to  examine  the  behavior  of  a  dosely  related  base  having  two  iM-omine 
atoms  present.  Accordingly,  4,6-dibromo-<7-aminophenol  was  carried 
through  the  series  of  experiments  specified  for  the  base  already  studied. 
2-Acetylamino-4|6-dibromophen7l  Acetate,  C«Ht(OCOCHs)- 
(NHC0CH8)Bri. — ^The  starting  point  in  the  preparation  of  this  compound 
was  c?-nitrophenol,  which  was  first  converted  into  4,6-dibromo-o-nitro- 
phenol^  by  a  method  which  is  more  convenient  than  any  heretofore  pub- 
lished. The  nitrophenol  was  dissolved  in  5  to  6  times  its  weight  of  glacial 
acetic  add,  after  which  the  calculated  amount  (two  mols.)  of  bromine  was 
added  at  once.  The  mixttu-e  was  allowed  to  stand  for  48  hours,  and  then 
poured  slowly,  with  stirring,  into  7  or  8  volumes  of  cold  water,  which  pre- 
dpitated  the  brominated  product.  After  standing  for  some  hours  the  pre- 
dpitated  material  was  removed  by  filtration,  washed  with  water,  and  dried. 
Crystallization  from  alcohol  will  give  a  pure  product,  but  the  substance 
employed  in  this  work  was  purified  in  the  form  of  its  potassium  salt,  which 
was  twice  crystallized  from  water.  The  free  nitrobromophenol,  which 
was  obtained  by  decomposition  of  the  salt  by  hydrochloric  add,  was  finally 
crystallized  from  alcohol.  It  mdted  sharply  at  117®,  which  is  in  agree- 
ment with  the  literature. 

The  preparation  of  the  free  base  was  carried  out  by  reduction  of  the 
nitro  compound  and  piuification  of  the  resulting  aminohydrochloride  as 
described  by  Raif ord*  after  which  the  aminophenol  was  obtained  by  treat- 
ment of  the  water  solution  of  the  hydrochloride  with  solution  of  ammonium 
carbonate.  The  predpitated  base  was  further  purified  by  crystallizatiou 
»  Korner,  Ann,,  I37»  307  (1866). 
» Loc.  cU, 
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from  dilute  alcohol,  and  was  found  to  mdt  at  91-2  °,  and  to  have  the  other 
properties  specified  by  Holz.^ 

5.3  g.  of  the  dibromo-aminophenol  mentioned  above  was  mixed  with  an 
equal  weight  of  anhydrous  sodium  acetate,  and  the  mixture  warmed  with 
slightly  more  than  the  calculated  amount  of  acetic  anhydride  necessary 
to  acylate  both  the  amino  smd  the  hydroxyl  groups.  When  cold  the  re- 
sulting mass  was  extracted  with  enough  water  to  disserve  the  soditmi  ace- 
tat^  present,  and  the  residue  dried.  The  product  is  soluble  in  alcohol, 
chloroform,  and  benzene,  but  was  best  crystallized  from  chloroform,  out 
of  which  it  separated  in  the  form  of  colorless,  fibrous-looking  masses  made 
up  of  fine,  hair-like  needles.  It  shrinks  slightly  between  190  and  195° 
and  melts  at  199  ^.  It  dissolves  readily  in  cold  solution  of  sodium  h3ndroxide 
on  account  of  being  saponified  at  the  o-coanecti(Mi.  Analysis  for  halogen 
gave  the  following  results,  which  are  in  aco^d  with  a  diacylated  compound : 

Subs.,  0.3136;  AgBr,  0.3304. 

Calc.  forCioHfOiNBn:  Br,  45.56.     Found:  45.90. 

a-Acetylamino-4,6-dibromoiAenol,  C«HtOH(NHCOCHs)Brs.— 3.5  g. 
of  the  diacylated  compound  just  described  was  shaken  with  25  cc.  of  cold 
water  containing  two  equivalents  of  sodium  hydroxide  until  complete 
solution  had  taken  place,  after  which  the  dear  liquid  was  acidified  with 
hydrochloric  acid.  A  precipitate  was  formed  immediately.  After  stand- 
ing for  some  minutes  this  was  collected  on  a  filter,  washed  with  several 
portions  of  water,  and  dried.  It  is  soluble  in  alcohol  and  other  organic 
solvents,  and  slightly  soluble  in  water.  Samples  were  crystallized  both 
from  water  and  from  75%  alcohol,  but  best  from  the  latter,  from  which 
it  was  deposited  in  tufts  made  up  of  short  needles  radiating  from  a  com- 
mon center,  and  melting  at  174-5°  with  apparent  dec(»nposition.  This 
compound  is  soluble  in  solution  of  caustic  alkali,  from  which  it  is  precipi- 
tated in  unchanged  form  by  adds.  Holz*  prepared  a  monoacetyl  deriva- 
tive from  the  base  used  in  this  work,  and  assigned  to  it  the  structure  of  my 
product,  though  he  found  186°  to  be  the  mdting  point. 

Subs.,  0.3815;  AgBr,  0.3410. 

Calc.  for  CgH702NBr»:    Br,  51.75-     Found:  51.55. 

Action  of  Benzoyl  Chloride  on  a-Acetylamino-4y6-dibromophenoL— 

^•5  E-  of  ^^  monoacetyl  compotmd  described  above  was  disserved  in 
about  50  cc.  of  water  containing  0.25  g.  (1.25  mols)  of  soditmi  hydroxide, 
and  to  this  was  then  added  0.87  g.  of  benzoyl  chl<nide,  after  which  the 
whole  was  shaken  tmtil  the  odor  of  the  chloride  had  disappeared.  A  sdid 
which  tended  to  collect  in  little  balls  was  formed  at  once.  After  standing 
for  some  time  it  was  filtered  off,  washed  and  dried.  A  quantitative  yield 
was  obtained.    This  compotmd  is  but  slightly  soluble  in  ligroin  or  ether, 

»  /.  prakt.  Chem.,  [2]  33,  69  (1885), 

»  Loc.  cit.  * 
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and  could  not  be  crystallized  satisfactorily  from  either  of  them.  It  is 
more  soluble  in  chloroform  or  in  alcohol,  and  was  best  crystallized  from 
the  latter,  from  which  it  was  deposited  in  short,  silky  needles  that  tended 
to  ding  together  in  star-like  masses.  After  several  crystallizations  it 
melted  at  195-^®.  A  mixture  of  this  substance  and  2-acetylamino-4,6- 
dibromophenyl  acetate,  m.  p.  199°,  page  2075,  melts  at  167-71  °.^  Analysis 
for  bromine  is  in  agreement  with  a  formida  that  requires  both  an  acetyl 
and  a  benzoyl  radical. 

Subs.,  0.2379;  AgBr,  0.2163. 

Calc.  for  CisHiiOiNBra:  Br,  38.71.     Found:  38.69. 

Proof  of  the  Structure  of  a-Benzoylamino-4y6-dibromophenyl  Acetate. 
— 0,62  g.  of  the  benzoyl-acetyl  compound  indicated  above  was  mixed  with 
30  cc.  of  water  containing  0.15  g.  of  sodium  hydroxide,  and  the  mixture 
shaken  for  some  time.  Saponification  took  f^ce  very  slowly,  consequently 
the  mixture  was  allowed  to  stand  overnight.  Since  the  reaction  was  not 
completed  dining  this  period,  the  mixture  was  filtered  and  the  imchanged 
material  added  to  a  fresh  portion  of  alkali.  After  24  hotus  practically  all 
solid  had  disappeared.  This  portion  was  filtered,  and  the  combined 
filtrate,  which  was  yellow  in  color,  was  acidified  with  hydrochloric  acid. 
The  phenolic  compound  that  was  precipitated  was  collected  on  a  filter, 
washed  well  with  several  portions  of  water,  and  dried.  The  crude  material 
melted  between  170  and  175®.  It  was  twice  crystaUized  from  alcohol, 
from  which  it  was  deposited  in  clusters  of  short,  very  pointed  needles  that 
radiated  from  a  common  center.  These  melted  at  198®  with  apparent 
decomposition.  The  behavior  indicated  above  shows  that  the  hydroxyl 
group  is  free,  and  the  analysis  for  bromine  agrees  with  a  formula  requiring 
the  presence  of  a  benzoyl  radical.  These  facts,  together  with  the  behavior 
of  a  mixture  of  the  substance  imder  consideration  and  2-acetylamino- 
4,6-dibromophenol  (melting  point  174-5°),  from  which  the  benzoyl  deriva- 
tive was  prepared  when  heated,  shows  that  the  products  cannot  be  identical. 
The  mixture  melts  with  decomposition  at  160-2°. 

Subs.,  0.2012;  AgBr,  0.2038. 

Calc.  for  Ci8H902NBri:  Br,  43.10.     Found:  43.10. 

In  order  to  characterize  fmther  the  hydroxyl  compound  described 
above  and  to  prove  that  in  it  the  benzoyl  radical  is  bound  to  nitrogen,  a 
small  quantity  of  the  benzoylamino  compotmd  of  the  base  \mder  considera- 
tion was  prepared  according  to  Ransom's^  method.  2.66  g.  of  4,6-di- 
bromo-o-aminophenol  was  dissolved  in  about  25  cc.  dry  ether,  and  to  this 

*  It  is  worth  while  to  note  this  behavior  in  passing,  because  in  preparing  the  ben- 
zoyl derivative  in  quantity  it  is  unnecessary  to  isolate  2-acetylamino-4,6  dibromo- 
phenol,  as  was  done  in  this  case;  the  benzoyl  derivative  can  be  obtained  by  adding 
benzoyl  chloride  directly  to  the  solution  obtained  by  dissolving  the  diacetyl  compound 
in  sodium  hydroxide  solution. 

« hoc.  cU. 
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was  added  0.7  g.  (^/j  mol)  of  benzoyl  chloride,  and  the  mixttire  allowed 
to  stand  untfl  the  odor  of  the  chloride  had  nearly  disappeared.  The 
hydrochloride  of  the  base  which  had  meanwhile  precipitated  was  filtered 
off,  and  the  dear  ether  solution  allowed  to  evaporate  spontaneously. 
The  residue  melted  at  193-5  ^'i  and  was  probably  contaminated  with  traces 
of  the  hydrochloride  only,  for  dissolving  it  in  solution  of  sodium  hydroxide 
and  repredpitating  it  with  hydrochloric  add  gave  a  product  that  mdted 
quite  sharply  at  198**,  which  is  the  mdting  point  of  the  product  obtained 
by  saponifying  the  acetyl-benzoyl  derivative  described  on  page  2076. 
A  mixture  of  the  two  products  mdts  at  198®,  which  indicates  identity. 

The  rdationship  of  the  phenolic  product  prepared  by  Ransom's 
method  to  2-benzoylamino-4,6-dibromophenyl  acetate  was  still  further 
established  by  preparing  some  of  the  latter  from  the  phenol.  0.2  g.  of 
the  phenol  was  mixed  with  an  equal  weight  of  anhydrous  sodium  acetate 
and  the  required  amount  of  acetic  anhydride,  and  warmed  imtil  the  whole 
became  liquid.  After  cooling  it  was  separated  from  sodium  acetate  and 
aystallized  from  alcohol  imtil  the  melting  point  was  constant.  In  this 
condition  it  did  not  depress  the  mdting  point  of  2-benzoylamino-4,6- 
dibromophenylacetate,  which  shows  that  in  the  benzoylation  of  2-acetyl- 
amino  4,6-dibromophenol  the  benzoyl  radical  goes  to  nitrogen,  while  the 
acetyl  radical  migrates  to  oxygen. 

In  view  of  the  fact  that  the  results  reported  above  are  not  in  accord 
with  the  observations  of  Ransom  and  Ransom,  and  Ndson^  it  was  at  first 
thought  that  possibly  the  character  of  the  aminophenols  used  might  have 
a  bearing  on  the  case.  The  results  recorded  by  the  observers  mentioned 
were  all  obtained  through  the  use  of  an  aminophenol  that  was  tmsubstituted 
while  the  first  observations  in  my  work  were  made  with  aminophenols 
that  contained  add-forming  substituents.  On  account  of  these  differ- 
ences it  became  at  once  a  matter  of  interest  to  repeat  the  experiments, 
using  the  unsubstituted  aminophenol  employed  by  Ransom.  It  may  be 
stated  at  once  that  the  results  so  far  obtained  are  the  same  in  tjrpe  for  both 
substituted  and  tmsubstituted  bases,  although  the  saponification  of  the 
acyl  derivatives  of  the  substituted  compounds  is  less  rapid,  due,  possibly 
to  steric  hindrance. 

a-Benzoylaminophenyl  Acetate,   C6H4(OCOCH8)(NHCOC6H6).— The 
starting  point  in  the  preparation  of  this  compound  was  2-acetylamino- 
phenol,  first  prepared  by  Ladenburg*  and  which  was  obtained  for  my  wiork 
*  Loc.  cit. 

2  Ber.,  9,  1524  (1876).  It  will  be  shown  later  that  this  compound  can  be  obtained 
by  a  method  which  is  much  more  easily  carried  out  than  that  used  by  Ladenburg, 
and  that  the  diacetyl  derivative  (which  was  overlooked  by  Ladenburg)  from  which 
it  was  here  obtained  can  be  prepared  with  much  less  difficulty  than  has  been  done  1^ 
any  previous  worker.  The  saponification  of  the  diacetyl  compotmd,  its  bomologs 
and  certain  of  its  derivatives  will  form  the  subject  of  a  future  report. 
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by  the  saponification  of  the  corresponding  diacetyl  derivative.  The  prod- 
uct melted  at  201  ^,  and  had  the  other  properties  recorded  in  the  litera- 
ture. 4.5  g.  of  this  material  was  mixed  with  about  50  cc.  of  water  and  1.25 
molecular  proportions  of  sodium  hydroxide,  and  the  resulting  solution 
shaken  with  25%  more  than  the  calculated  quantity  of  benzoyl  chloride 
tmtil  the  odor  of  the  latter  had  disappeared.  After  standing  for  some 
hours  the  solid  that  had  separated  was  collected  on  a  filter,  washed  with 
several  portions  of  water,  and  dried.  The  yield  was  nearly  quantitative. 
In  this  form  the  substance  melted  at  134-5^.  Crystallization  from  al- 
cohol, benzene  or  ligroin  gave  slightly  pinkish  colored  needles  that  melted 
at  138**  if  heated  rapidly,  or  at  135**  if  heated  more  slowly.  Thecom- 
poimd  is  practically  insoluble  in  water,  but  is  slowly  dissolved,  on  account 
of  being  saponified  at  the  o-connection,  when  allowed  to  stand  in  the  cold 
with  sodium  hydroxide  solution.  It  is  interesting  in  this  connection  to 
note  that  Tingle  and  Williams^  subjected  2-acetylaminophenol  to  benzoyla- 
tion  by  the  Schotten-Baumann  method,  using  potassium  hydroxide  in- 
stead of  sodium  hydroxide,  and  mixing  the  substances  in  a  difTerent  order 
than  that  specified  above,  and  obtained  a  good  yield  of  dibenzoyl-o-amino- 
phenol.  In  this  work  they  prepared  4  diacylated  aminophenols  in  which 
the  acyl  radicals  were  different,  but  observed  no  rearrangements.  The 
reactions  of  my  product  are  confirmed  by  anal3rsis*  for  nitrogen. 

Subs.,  0.6208;  N  (Kjeldahl),  0.0313  g. 

Calc.  for  CisHisOsN:  N,  5.49.    Pound:  5.03. 

A  portion  of  the  purified  material  specified  above  was  mixed  with  a  solu- 
tion of  sodium  hydroxide  containing  2.5  equivalents  of  the  alkali  and  was 
allowed  to  stand  in  the  cold  overnight  or  until  practically  all  solid  had 
passed  into  solution.  The  mixture  was  then  filtered  and  the  dear  filtrate 
acidified  with  hydrochloric  add,  whereupon  a  practically  colorless  crystal- 
line predpitate  was  thrown  down.  This  was  removed,  washed  wdlwith 
water,  and  when  dried  on  day  plate  mdted  without  further  purification  at 
165—7®.  The  product  was  readily  soluble  in  solution  of  sodium  hydroxide 
from  whidi  it  could  be  predpitated  in  unchanged  form  by  the  addition  of 
acids,  indicating  its  phenolic  character.  To  show  that  the  product  in 
question  could  not  be  an  impure  spedmen  of  the  acetylaminophenol 
(m.  p.  201  **)  with  which  the  experiment  was  started,  portions  of  the  two 
products  were  mixed  and  mdted.  The  mass  began  to  mdt  at  148®  and 
was  entirdy  liquid  at  187**.  A  second  portion  of  the  product  obtained  by 
saponification  of  the  benzoyl-acetyl  derivative  was  f  mther  purified  by  re- 
peated aystallization,  after  which  it  mdted  sharply  at  167®.  This, 
together  with  the  behavior  already  noted,  showed  that  the  product  in  ques- 
tion could  not  be  identical  with  the  acetylaminophenol  mdting  at  201®. 

*  Loc.  cU. 

»  I  am  indebted  to  Mr.  J.  L.  Clark  for  this  analysis. 
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To  determine  whether  it  was  benzoyl-o-aminoidienol,  described  by  Hidmer^ 
and  by  Ransom,*  a  portion  of  that  compound  was  prepared  according  to 
the  directicMis  given  by  Ransom,  and  its  properties  carefully  compared  with 
those  of  my  product.  They  agreed  in  every  particular,  and  a  mixture  of 
the  products  melted  at  the  same  temperature  as  either  of  them  separatdly, 
167  ^ 

The  identity  of  the  two  products  was  still  further  established  by  convert- 
ing them  into  acetyl  derivatives.  Each  was  mixed  with  an  equal  wci^t 
of  anhydrous  sodium  acetate  and  the  requisite  amount  of  acetic  anhydride, 
and  heated  for  a  few  minutes.  After  purification  in  the  usual  way,  the 
product  in  each  case  had  the  melting  point  134°  or  138°  (depending  on  the 
rate  of  heating)  and  other  properties  given  above  under  2-benzoylamiiio- 
phenyl  acetate.  Each  of  the  products  melting  at  167°  was  benzoylated 
in  accordance  with  the  Sdiotten-Baumann  method,  and  each  gave  a  product 
which,  after  crystallization  from  alcohol,  melted  at  182°.  These  prodocts 
were  melted  tc^ether  without  depressing  each  other's  melting  point,  and 
were  found  to  be  identical  with  2-benzoylaminophenyl  benzoate,  reported 
by  KalckhofF.* 

Summary. 

1.  When  certain  ^aminophenols  were  acylated  in  such  a  way  as  to  in- 
troduce acetyl  and  benzoyl  groups  into  the  same  mdecule,  the  heaner 
of  these  radicals  was  found  attadied  to  nitrogen,  regardless  of  the  order 
in  which  the  radicals  were  introduced.  In  one  case  a  molecular  rearrange- 
ment must  have  occurred. 

2.  So  far  as  the  work  has  been  carried,  no  differences  have  been  observed 
between  the  behavior,  in  this  respect,  of  substituted  and  unsubstituted 
aminophenols,  which  indicates  that  add-forming  substituents  are  Mit 
responsible  for  the  rearrangement. 

3.  It  is  recognized   that  factors   other  than  the  weight  of    the  acyl 
radicals  may  determine  the  behavior  observed  in  this  work,  and  these 
now  tmder  consideration. 

Iowa  Cirv,  Iowa. 

»  Ann.,  210,  387  (1881). 

'  Am.  Chem.  /.,  23,  17  (1900). 

*  Ber.,  16,  i8?8  (1883). 
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CERTAIN    METAUJC    DERIVATIVES   OF   HYDROXY-ANTHRA- 

QUINONES.^ 

By  M.  L.  Crosslby. 

Received  September  25,   1919. 

Hydroxy-antliraquinones,  such  as  alizarine,  anthrapurptuine  and  flavo- 
piupurine,  form  copper,  cadmium,  nickel  and  iron  salts  when  boiled 
in  an  organic  solvent  with  the  corresponding  metallic  chlorides,  anhydrous 
soditim  acetate,  and  nitrobenzene.  These  compounds  appear  to  be  normal 
salts  in  which  the  metal  has  replaced  hydrogen  of  the  hydroxyl  groups. 
Similar  hydroxy-anthraquinone  salts  of  other  metals  have  been  prepared 
by  this  method  but  have  not  yet  been  thoroughly  investigated. 

These  salts  are  practically  insoluble  in  cold  water,  but  dissolve  readily  in 
methyl  and  ethyl  alcohols  as  well  as  in  acetone,  from  which  solvents  they 
crystallize  fairly  well. 

Wool,  when  boiled  in  a  water  suspension  of  the  copper,  cadmium, 
cobalt,  nickel,  chromiiun  and  iron  aUzarates,  is  dyed  a  pale  shade  of  the 
color  which  alizarine  gives  on  wool  previously  mordanted  with  the  corre- 
sponding metallic  salt.  The  dye  is  evenly  distributed  through  the  fiber 
and  appears  to  be  as  firmly  held  by  it  as  in  the  case  when  produced  in  the 
mordanted  fiber.  This,  it  seems  to  me,  is  positive  evidence  that  the  color 
produced  by  alizarine  or  sinnlar  hydroxy-anthraquinones  in  mordanted 
fiber  is  a  property  of  the  corresponding  normal  salt  of  the  metal  whose 
salt  was  used  to  mordant  the  fiber  and  that  it  is  evidence  of  a  chemical 
reaction.  This  does  not  mean  that  the  dyeing  of  the  fiber  is  wholly  a 
chemical  phenomenon.  Undoubtedly,  physical  phenomena  such  as  sur- 
face tension,  diffusion,  adhesion,  the  colloidal  state,  etc.,  one  or  several, 
contribute  to  the  distribution  of  the  dye  in  the  fiber  and  to  its  retention 
by  it.  On  the  one  hand,  Liechte  and  Suida,  Liebermann,  Guggiari'  have 
expressed  the  opinion  that  the  alizarine  lakes  have  the  composition  of 
normal  salts,  while,  on  the  other  hand,  Biltz,  Haller  and  others,'  think 
that  lake  formation  is  a  phenomenon  of  a  colloidal  character.  It  seems 
to  me  that  the  evidence  will  not  justify  the  condusicm  that  the  formation 
of  an  alizarine  lake  is  wholly  a  physical  or  a  chemical  phenomenon,  but 
rather  should  be  interpreted  to  mean  that  it  is  the  result  of  the  combined 
action  of  physical  and  chemical  phenomena. 

I  believe  the  dye  to  be  in  the  fiber  and  not  simply  on  the  fiber.  Long 
boiling  and  scrubbing  of  the  wool  dyed  with  the  sparingly  soluble  alizarine 
salts  mentioned  did  not  restdt  in  removing  any  more  dye  than  was  removed 
by  similar  treatment  of  the  wool  previously  mordanted  and  then  dyed  with 

*  Presented  before  the  Organic  Division  of  the  American  Chemical  Society  at 
Hiiladetphia,  September  3-^,  191 9' 

*  B$r.,  45i  2442  (1912). 

»  Fdrber.  Ztg.,  489,  523  (1912). 
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alizarine.  Whatever  salt  entered  the  fiber  was  held  as  firmly  as  when 
produced  in  it  The  fact  that  the  color  was  evenly  distributed  through 
the  fiber  is  also  evidence  that  it  was  not  simply  on  the  stuiace. 

Experimental  Part. 

Copper  Alizarate. — 6  g.  of  powdered  c.  p.  alizarine,  4  g.  of  cupric 
chl<nide,  5  g.  of  anhydrous  sodium  acetate,  and  100  cc.  of  nitrobenzene 
were  boiled  for  5  hours  in  a  flask  fitted  with  a  reflux  condenser.  The  re- 
action mass  was  allowed  to  cool,  after  which  it  was  filtered,  washed  with 
water  and  then  with  ether  and  finally  crystallized  from  methyl  alcohoL 
The  yield  was  7  g. 

It  is  a  dark  red  substance  which  is  insoluble  in  cold  water  and  only  very 
slightly  soluble  in  boiling  water.  It  dissolves  readily  in  ethyl  and  in  methyl 
alcohols,  giving  a  wine-red  solution  with  the  former  and  a  darker  red  solu- 
tion with  the  latter.  With  acetone  it  gives  a  dark  red  solution  and  with 
nitrobenzene  a  dark  brown.  It  gives  a  dark  purple  solution  with  aniline. 
It  is  insoluble  in  ether,  benzene,  carbon  disulfide,  chloroform  and  petroleum 
ether.    It  is  decomposed  by  dilute  mineral  adds. 

Calc.  for  Ci4H«04Cu:     Cu,  21.08.    Found:  20.86. 

Cadmium  Alizarate. — A  mixture  of  3  g.  of  alizarine,  2.3  g.  of  cadmium 
chl<nide,  3  g.  of  anhydrous  sodiimi  acetate,  and  100  cc.  of  nitrobenzene 
was  boiled  in  a  flask  provided  with  a  reflux  condenser  for  5  hours.  The 
reaction  mass  was  cooled,  filtered,  washed  with  water  and  with  ether  and 
then  crystallized  from  methyl  alcohol.    The  yield  was  3  g. 

It  is  a  purplish  brown  product  which  is  practically  insoluble  in  water, 
ether  and  benzene.    It  is  soluble  in  methyl  alcohol,  ethyl  alcohol,  and 
acetone,  giving  wine-red  solutions.    Mineral  adds  decompose  it. 
Calc.  for  Ci4H|04Cd:     Cd,  32.    Found:  32.3. 

Nickel  Alizarate. — 6  g.  of  alizarine,  3  g.  of  nickel  chloride,  5  g.  of 
anhydrous  sodiiun  acetate,  and  100  cc.  of  nitrobenzene  were  boiled  for  5 
hours  in  a  flask  with  a  reflux  condenser.  The  reaction  product  was  poured 
into  cold  water  and  filtered.  It  was  then  washed  with  water  and  ether  and 
crystallized  from  methyl  alcohol    The  yield  was  7  g. 

It  is  a  dark  purple  product  which  is  insoluble  in  water.  It  dissolves 
readily  in  hot  methyl  and  ethyl  alcohol,  giving  dark  red  solutions.  With 
acetone  it  gives  a  brown  solution  and  with  aniline  an  dive-green.  It  is 
but  slightly  soluble  in  bdling  ether  and  benzene. 

Calc.  for  Ci4Ht04Ni:     Ni,  19.77.     Found:  19.84. 

Iron  Alizarate. — 6  g.  of  alizarine,  4  g.  of  ferric  chloride,  5  g.  of  sodian 
acetate,  and  100  cc.  of  nitrobenzene  were  boiled  for  5  hoturs  in  a  flask 
with  a  reflux  condenser.  The  product  was  poured  into  water,  filtered,  and 
washed  with  ether.  It  was  purified  by  crystallization  from  acetone.  The 
yield  was  7.6  g. 
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It  is  a  dark  red  product^  insoluble  in  water,  quite  soluble  in  methyl 
alcohol,  ethyl  alcohol,  and  acetone,  giving  purple  solutions,  but  slightly 
soluble  in  ether  and  benzene. 

Calc.  for  Ci4H404Fe:  Fe,  19.05.    Found:  19.8. 

The  cobalt  and  chromium  salts  of  alizarine  as  well  as  the  copper  and 
nickel  salts  of  anthrapmpurine  and  flavopurpurine  were  prepared  and, 
with  the  exception  of  the  cobalt  salt  of  alisaarine,  which  analyzed  for 
C^HsiOisCo,  appear  to  be  normal  salts. 

Smnmary. 

Copper,  cadmium,  nickel  and  iron  salts  of  alizarine  are  formed  when 
alizarine  is  boiled  with  the  respective  salts  of  these  metals,  anhydrous 
sodiuip  acetate,  and  nitrobenzene. 

These  alizarine  salts,  though  slightly  soluble  in  water,  penetrate  im- 
mordanted  wool  fiber  and  produce  colors  identical  with  those  produced 
by  alizarine  in  wool  fibers  mordanted  with  the  respective  metallic  salts. 
These  dyes  appear  to  be  in  the  fiber  and  not  simply  on  the  fiber. 

The  formation  of  an  insoluble  alizarine  dye  in  a  mordanted  fiber  is  ac- 
complished by  the  combined  action  of  physical  and  chemical  phenomena. 

Bound  Brook,  N.  J. 


GENTIAN   VIOLET— ITS  SELECTIVE  BACTERICIDAL  ACTION.* 

By  M.  L.  Crosslry. 

Received  September  25,  1919. 

Shortly  after  the  United  States  entered  the  war,  it  was  discovered  that 
the  supply  of  gentian  violet  dye  used  in  biological  work  as  a  differentiating 
stain  was  limited.  Prior  to  the  war,  this  material  had  been  imported  from 
Germany  and  no  particular  attention  had  been  given  to  its  composition. 
Careful  study  of  the  available  literature  gave  no  information  of  importance 
and  it  was  decided  to  undertake  an  investigation  of  the  product  in  (»:der 
to  determine  its  composition.  Some  of  the  information  found  in  the  litera- 
ture was  later  discovered  to  be  erroneous  or  confusing.  For  example, 
Pappenhein^  states  that  it  belongs  to  the  rosaniUne  group  and  probably 
contains  dextrine.  This  fact  proved  to  be  correct.  On  the  other  hand, 
Muhr  and  Richie*  consider  it  s3mon3rmous  with  benzyl  violet  and  pyok- 
tanin.  This,  of  course,  is  an  erroneous  judgment,  for  benzyl  violet  is  a 
mixture  of  benzyl-pentamethyl-p-rosaniline  hydrochloride  and  hexa- 
methyl-p-rosaniline  hydrochloride,  while  pyoktanin  is  a  trade  name  for 
a  mixture  of  hexamethyl-^-rosaniline  hydrochloride  and  pentamethyl-p- 

^  Presented  before  the  Dye  Section  of  the  American  Chemical  Society  at  the  Phila- 
delphia meeting,  September  2-6,  1919. 

*  Grundriss  der  Farb.  Chemie  sum  Gehrauch  hei  Mikroskopischen  Arheiten, 
»  "Manual  of  Bacteriology,"  p.  loi. 
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rosaniline  hydrochloride.  Pyoktanin  then  is  another  name  for  methyl 
violet  B. 

A  preliminary  study  of  the  gentian  violet  obtained  from  the  Grubler 
laboratory  at  Leipzig,  furnished  me  by  the  Connecticut  State  laboratory, 
showed  the  product  to  be  a  mixture  of  dextrine  and  dye  in  about  equal 
proporti<»is.  A  qualitative  study  of  the  physical  and  chemical  properties 
of  the  dye  indicated  that  it  belonged  to  the  triphenylmethane  class  and 
that  it  contained  free  amino  hydrogen.  Further  investigation  showed  that 
the  dye  was  chiefly  a  mixture  of  hexamethyl-p-rosaniline  hydrochloride 
and  pentamethyl-p-rosaniline  hydrochloride. 

On  acetylation  of  the  dye,  two  products  were  obtained:  one  which  did 
and  one  which  did  not  contain  an  acetyl  group.  The  first  was  a  violet 
dye  which  reduced  to  a  product  identical  with  hexamethyl-f-leucdniline; 
the  other  reduced  to  acetyl-pentamethyl-/7-leucaniline.  The  limited 
quantity  of  material  available  for  the  investigation  and  the  diflSculty 
encoimtered  in  making  a  sharp  separation  of  the  two  products  made  it 
impossible  to  get  a  quantitative  analysis  of  the  product.  The  sample  in- 
vestigated, however,  showed  that  hexamethyl-f-rosaniline  hydrochloride 
was  present  in  larger  proportion  than  the  pentamethyl  product.  There 
was  also  present  a  small  amount  of  another  dye  which  gave  an  acetyl  de- 
rivative not  crystallizable  from  the  acetic  add  solution  and  which,  on  re- 
ducticoi  and  qualitative  study,  appeared  to  be  the  acetyl  derivative  of 
the  tetramethyl-p-rosaniline  hydrochloride.  It  would,  therefore,  appear 
that  the  so-called  gentian  violet  is  simply  a  prepared  mixture  or  blended 
mixture  of  the  above  mentioned  dyes. 

In  view  of  the  fact  that  Dr.  Churchman  had  shown  gentian  violet  to 
possess  selective  bactericidal  action,  and  since  it  now  appeared  that  gentiafi 
violet  was  not  an  individual  dye,  it,  therefore,  seemed  pertinent  to  learn 
whether  or  not  the  selective  activity  of  gentian  violet  was  an  inherent 
property  of  the  mixture  called  gentian  violet  or  of  one  or  both  of  its  com- 
ponents. Using  the  method  suggested  by  Dr.  Churchman,^  it  was  found 
that  the  organisms  which  are  destroyed  by  gentian  violet  in  the  dilution 
of  I  :  100,000  parts,  were  also  destroyed  by  hexamethyl-p-rosaniline 
hydrochloride,  pentamethyl-/>-rosaniline  hydrochloride  and  rosaniline 
in  the  same  dilution,  and  those  that  were  negative  to  gentian  violet  were 
also  negative  to  the  other  dyes  mentioned.  For  example,  B,  Prodigiosus, 
B.  fluorescens  (liquefying  and  non-liquefying),  B.  mucosas  capsulahts 
or  pneumobadllus  of  FriedlSnder,  Streptococcus  pyogenes  and  B.  cch 
(communis),  grew  equally  well  on  agar  agar  meditmi  containing  gentian 
violet,  hexamethyl-p-rosaniline  hydrochloride,  pentamethyl-^-rosaniline 
hydrochloride  and  rosaniline  in  the  dilution  of  i  :  100,000,  while  B. 
subtilis,  B.  cereus,  Sarcina  auranttacea,  Sarcina  lutea,  Staphylococcus 
>  J.  Exp.  Med.,  16,  228-248  (1912);  18,  579-583  (1913)- 
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pyogenes^  B,  violaceae  and  B,  mycoides  were  killed  by  all  4  compounds  in 
the  dilution  of  i  :  100,000.  It  is,  therefore,  evident  that  the  selective 
bactericidal  action  of  gentian  violet  was  a  property  of  its  components. 
That  this  selective  action  is  related  to  the  constitution  of  the  dye,  I  have 
no  doubt.  It  seems  that  the  effectiveness  of  any  one  of  the  dyes  mentioned 
in  killing  organisms  is  governed  by  two  factors;  first,  the  composition  of 
the  dye,  and  second,  the  nature  of  the  organism.  Both  ohemiral  and 
physical  phenomena  are  tmdoubtedly  concerned  in  the  reactitm. 

Maladiite  green  will  kill  B,  subtilis  and  B.  mycoides  in  the  dilution  of 
I  :  100,000,  but  not  in  the  dilution  of  i  :  200,000.  In  fact,  no  one  of 
the  dyes  mentioned  is  effective  for  B.  subtilis  in  dilutions  greater  than 
I  :  100,000.  B.  mycoides,  however,  is  destroyed  by  malachite  green  in 
tiie  dilution  of  i  :  100,000,  rosaniline  in  dilution  of  i :  200,000,  and  by  gen- 
tian violet,  hexamethyl-^-rosaniline  hydrochloride,  and  pentamethyl-^ 
rosaniline  hydrochloride  in  the  dilution  of  *i  :  300,000.  The  consti- 
ution  of  the  dye  is,  therefore,  and  important  factor. 

It  wotdd  seem  from  the  evidence  at  hand,  that  this  selective  bacteri- 
cidal action  of  the  dyes  mentioned  is  a  property  of  the  triphenylmethane 
dyes  and  is  particularly  related  to  the  basic  nitrogen  groups.  An  increase 
in  the  number  of  these  groups  and  substitution  of  methyl  radicals  for  amino 
hydrogen  seem  to  intensify  the  bactericidal  power.  This  suggests  an  ex- 
tremely interesting  and  important  line  of  research,  that  is,  therdationof 
chemical  constitution  to  selective  bactericidal  action.  I  fed,  however, 
that  this  problem  cannot  be  successfully  attacked  from  the  chemical  p<rint 
of  view  only.  In  order  to  tmderstand  the  chemistry  involved,  we  must 
know  more  about  the  compositicm  of  bacteria.  I  am  inclined  to  believe 
that  the  part  played  by  the  bacteria  in  this  selective  action  is  of  prime 
importance. 

Of  the  group  of  organisms  studied,  those  that  were  gram  positive,  that 
is,  those  that  were  stained  by  the  dye,  were  also  gentian  positive,  that  is, 
killed  by  gentian  violet;  while  those  that  were  gram  negative  were  not 
inhibited  in  their  growth  by  gentian  violet.  This  same  observation  was 
true  with  respect  to  the  other  dyes  mentioned.  This,  it  seems  to  me,  is 
evidence  of  a  chemical  reaction  between  some  component  or  components 
of  the  bacteria  cell  and  the  dye.  It  has  already  been  shown^  that  malachite 
green  combines  with  sodium  nucleate  to  form  a  black,  porous  nucleate  of 
the  dye.  This  selective  bactericidal  action  seems  then  to  be  caused  by  the 
presence  of  compounds  with  reactive  groups  in  the  structure  of  the  bac- 
teria capable  of  readily  combining  with  the  dyes  mentioned  through  cer- 
tain reactive  groups  in  their  structure.  Wherever  this  combination  re- 
sults in  the  formation  of  compounds  which  are  detrimental  to  the  life 

^  Biochem.  Z.,  42,  440-469  (191 2). 
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ftmctions  of  the  organisms,  either  limitation  or  complete  destruction  of 
their  Ufe  activities  result. 

I  believe  that  careful  investigation  will  show  that  there  is  variation  of 
the  susceptibility  of  bacteria  to  different  chemical  destructive  agents  and 
that  no  one  chemical  substance  is  capable  of  destro3dng  all  species  of 
bacteria.  There  is  then  much  work  to  be  done  in  this  field,  for  the  whole 
S3rstem  of  sanitation  rests  upon  the  assumption  that  a  disinfectant  capable 
of  killing  certain  pathogenic  organisms  yriH  generally  Idll  others.  I  trust 
that  some  biological  chemist  will  take  up  this  problem  and  continue  the 
investigation,  since  I  am  no  longer  in  a  position  to  do  so. 

Experimental  Part. 

1.  Alcohol-insoluble  Portion  of  Gentian  Violet — 2.2285  g.  of  the 
Grabler  gentian  violet  was  extracted  with  abs(dute  alcohol  and  filtered. 
The  residue  was  washed  with  alcohol  tmtH  the  filtrate  was  colorless.  It  was 
then  dried  and  weighed.  '  1.1124  g.  was  obtained.  This  represented 
49.92%  of  the  dye.  A  second  analysis  gave  49.54%  of  alcohol-insoluble 
material.  This  product  was  soluble  in  water,  gave  the  iodine  test  for 
dextrine,  gave  a  brown  solution  with  sulf tuic  add  which  charred  on  heat- 
ing and  gave  the  characteristic  dextrine  odor.  A  water  solution  of  the 
product  reacted  with  an  ammoniacal  solution  of  lead  acetate  to  give  a 
heavy,  white  precipitate.  The  water  solution  had  the  characteristic  dex- 
trine odor.  This  evidence  proved  the  alcohol-insoluble  substance  to  be 
dextrine. 

2.  Ash. — 0.6140  g.  of  dye  was  ignited  in  a  platinum  crucible  and 
0.0070  g.  of  ash,  equal  to  1.14%  obtained. 

3*  Identification  of  the  Dye. — ^The  alcohol  solution  of  the  dye  was 
carefully  evaporated  to  dryness  and  dried  to  a  constant  weight.  It  was 
soluble  in  water  and  the  solution  gave  the  following  reactions:  It  reacted 
with  a  solution  of  picric  add  to  give  an  insoluble,  dark  violet  picrate;it 
gave  a  dark  brown  predpitate  when  treated  with  sodiimi  hydroxide;  it 
reduced  to  a  colorless  solution  when  treated  with  ammonium  hydroxide 
and  zinc  dust,  and  gave  an  insoluble  red- violet  predpitate  when  treated 
with  potassiimi  dichromate  solution.  The  dye  dissolved  in  cone  sulfimc 
add  giving  an  orange  colored  solution  which  on  dilution  with  water  changed 
to  red-green,  then  to  green,  to  blue,  and  finally  to  violet,  with  increasing 
dilution,  color  phenomena  characteristic  of  the  alkylated  p-rosanilines. 
When  a  portion  of  the  dye  was  boiled  with  anhydrous  sodium  acetate  and 
an  excess  of  acetic  anhydride,  a  solution  was  obtained  which  gave  a  violet 
spot  with  a  green  ring  indicating  the  presence  of  free  amino  hydrogen  in 
the  dye.  This  evidence  indicated  that  the  dye  bdonged  to  the  p-rosaniline 
group  and  confirmed  Pappenheim's  opinion.  This  was  proven  as  follows: 
A  portion  of  the  dye  was  mixed  with  an  excess  of  acetic  anhydride  and 
anhydrous  sodiiun  acetate  and  boiled  several  hours.    The  reaction  product 
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was  dissolved  in  water  and  salted  with  sodium  chloride  and  zinc  chloride. 
A  violet  prec^itate  formed  leaving  a  green  solution.  This  was  filtered 
and  the  violet  dye  again  dissolved  in  water  and  c^ain  salted  with  sodium 
chloride.  The  resulting  dye  was  filtered  and  the  filtrate  added  to  that 
obtained  from  the  previous  filtration.  The  violet  dye  was  then  reduced 
and  gave  a  i»-oduct  melting  at  1 73  °,  proving  it  to  be  hexamethyl-/>-leucani- 
line  which  showed  that  the  violet  dye  was  hezamethyl-/>-rosaniline  hydro- 
diloride.  The  green  solution  was  reduced  with  zinc  dust  and  gave  a  pre- 
cipitate of  a  kuco  compound  which  crystallized  from  pure  alcohol  as 
colorless,  concentric,  needle  crystal  aggr^ates,  melting  at  142-3®.  It 
analyzed  for  CmHsiNsO  and  was  identical  with  acetyl-pentamethyl-p- 
leucaniline< 

Calc.  for  CtfHuNiO:    N«  10.47.    Found:  10.32. 

This  was  treated  with  hydrochloric  add  and  converted  into 
a  substance  crystallizing  from  dilute  alcohol  in  colorless  needles. 
From  benzene  the  substance  crystallized  in  beautiful,  colorless  coalescent 
spears,  melting  at  115  to  116®.  It  snolyzed  for  Cf4Ht9Ns  and  was  penta- 
methyl-p-leucaniline. 

Calc.  for  Ci4Hs»Nt:    N,  11.7.    Found:  11.83. 

By  oxidation  of  this  a  beautiful  violet  dye  was  obtained 
which  was  evidently  pentamethyl-p-rosaniline.  The  filtrate  from  the 
acetyl-pentamethyl-Z'-leucaniline  gave  on  standing  a  small  quantity  of 
a  product  which  appeared  to  be  an  acetyl-tetramethyl-f -leucaniline.  The 
small  quantity  available  made  a  thorough  study  of  it  impossible.  It 
would,  therefore,  seem  that  gentian  violet  is  chiefly  a  mixture  of  hexa- 
methyl-/Nrosaniline  and  pentamethyl-p-rosaniline  hydrochlorides  with 
probably  a  small  quantity  of  the  tetramethyl  product. 

4.  The  Selective  Bactericidal  Action  of  Gentian  Violet  and  its  Com- 
pounds.— ^Several  organisms  which  had  previously  been  shown  to  be 
gentian  positive  and  gentian  negative  were  selected  and  the  method  of 
Chtu'chman  adopted  for  a  study  of  their  behavior  with  gentian  violet 
free  from  dextrine,  and  c.  p.  samples  of  the  dyes  fotmd  in  gentian  violet. 
In  order  to  see  if  the  alkyl  groups  in  these  dyes  had  any  important  in- 
fluence on  their  bactericidal  properties,  rosaniline  was  selected  for  com- 
parative study. .  Malachite  green  was  also  used  to  study  the  effect  of  the 
number  of  basic  nitrogen  groups.  The  investigation  was  only  preliminary 
and  by  no  means  exhaustive. 

Divided  plates  of  agar  agar  medium,  one-half  dyed  with  dye  solution, 
were  made  as  suggested  by  Churchman  and  the  organisms  under  investi- 
gation planted  on  the  imdyed  portion.  Series  A  represents  gentian  violet 
free  from  dextrine,  dilution  i  :  100,000;  series  B,  hexamethyl-p-rosaniline 
hydrochloride,  dilution  i  :  100,000;  series  C,  pentamethyl-p-rosaniline 
hydrochloride,  dilution   i  :  100,000;  series  D,  rosaniline,  and  series  Ei 
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the  above  mentioned  substances  and  malachite  green  in  different  dilutioiis. 
The  organisms  reported  in  the  corresponding  tables  as  gentian  positive 
did  not  grow  across  into  the  dyed  portion  of  the  plates,  whik  those  indi- 
cated as  negative  did.  It  will  be  observed  that  in  dilutions  of  i  :  ioo»ooo 
there  was  no  difference  in  the  effectiveness  of  the  dyes  for  the  organisms 
selected.  With  greater  dilutions  the  bactericidal  power  of  the  dyes  for 
two  gentian  positive  organisms  diminished  with  the  decreasai^;  nuvbfr  of 
the  methyl  groups  and  the  basic  nitrogen  groups.  It  will  be  seen  from  Tabk 
£  that  rosaniline  was  more  effective  for  B,  mycoides  than  malachite  green. 
In  other  words  3  unsubstituted  amino  groups  were  more  effective  than 
2  in  which  the  4  hydrogens  had  been  substituted  by  methyl  radicals. 
Comparing  the  effectiveness  for  B.  mycoides  of  the  4  substances  up  to  a 
dilution  of  i  :  300,000  it  will  be  seen  that  hexa-  and  pentamethyl-p- 
rosaniline  appear  equal  in  strength  and  that  they  ai^  the  most  effective 
of  the  group. 

Tkblz  I. — SBRUtS  A. 
Gentian  Violet  free  from  Dextrine.     Dilution  i :  loojooo. 
Gram  +  »  retains  stain.  Gentian  +  =  inhibited. 

Gram  —  =  does  not  retain  stain.  Gentian  —  =  not  inhibited. 

Organism.  Gram  +  or  — .         Gentian  +  or  — , 

B.  Prodigiosus —  — 

B .  Subtilis • +  + 

B.  Cereus +  + 

B.  Pluorescens  (liq.) —  — 

Sarcina  Aurantiaca +  -{- 

B.  Mucosus  Capsnlatus  or  Pneumobacillus  of 

Priedlander —  — 

Sarcina  Lutea +  + 

Streptococcus  pyogenes —  — 

Staphylococcus  pyogenes +  + 

B.  Coli  (communis) —  — 

B.  Violaceae +  + 

B.  Pluorescens  (non-liq.) —  — 

B.  Mycoides -f  -f 

Table  II.— Sbribs  B. 

Hexamethyl-/>-rosaniline   Hydrochloride.        Dilution  1:100.000. 

Organism.  Gram  +  or  — .      Gentian  +  or  — , 

Sarcina  Lutea +  + 

B.  Pluorescens  (liq.) —  — 

Sarcina  Aurantiaca +  + 

B.  Violaceae -f  -f 

B.  Mucosus  Capsulatus —  — 

B.  Prodigiosus —  — 

B.  Cereus +  -f 

B.  Mycoides +  + 

B.  Phiorescent  (non-liq.) —  — 

B.  Subtilis +  + 
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Tabi,«  III.-— Sbribs  C. 

Pentamethyl-^-rosaniline    Hydrochloride.     Dilution  1:100000. 
Organism.                                                                  Gram  +  or  — .       Gentian  +  or  — . 

Sarcina  Lutea +  + 

B.  Fluorescens  (liq.) —  — 

Sarcina  Aarantiaca -f  + 

B.  Violaceac +  + 

B.  Mucosus  Capsulatus —  — 

B.  Prodigiosus —  — 

B.  Cereus +  + 

B.  Mycoides +  -f 

B.  Pluorescens  (non4iq.) —  — 

Table  IV.— Seribs  D. 
Rosaniline.    Dilution  i :  1 00000. 
Organism.  Gentian  +  or  — . 

Sardna  Lutea + 

B.  Fluorescens  (liq.) — 

Sardna  Atutintiaca + 

B.  Violaceae + 

B.  Mucosus  Capsulatus — 

B.  Prodigiosus — 

B.  Subtilis + 

B.  Fluorescens  (non-liq.) — 

B.  Mycoides + 

Table  v.— Series  E. 
Different  Concentrations  of  Dyes. 
Dyes. 

Organism.  G.  V.  Hexa.  PenU  Rosa.  Mala.  Dilution. 

B.  Subtilis -f  +  +  +  -f  1:100000 

B.  Subtilis —  —  —  —  —  i:  200000 

B.  Mycoides 4-  +  +  +  +  1:100000 

B.  Mycoides -h  -|-  -|-  +  +  i:  300000 

B.  Mycoides +  +  +  —  —  i: 300000 

B.  Mycoides —  —  —  —  —  1:400000 

Badi  of  the  organinsis  was  also  studied  with  respect  to  its  behavior 
with  the  gram  stain  and  the  result  in  each  case  was  the  same.  All  the 
gram  positive  organisms  were  gentian  positive. 

Summary. 

I.  Gentian  violet  is  a  mixture  of  dextrine  and  dye  in  about  equal  pro- 
portions. The  dye  is  a  mixture  chiefly  of  hexamethyl-^-rosaniline  hydro- 
chloride and  pentamethyl-f-rosaniline  hydrochloride  with  small  quanti- 
ties of  lower  homcdogs,  particularly  the  tetramethyl  compound. 

a.  The  selective  bactericidal  action  of  gentian  violet  is  no  greater  than 
that  of  its  component  dyes  and  gentian  violet  has  no  advantage  over  these 
in  selective  or  differentiating  power. 

3.  The  organisms  found  to  be  gentian  positive  were  also  gram  positive, 
indicating  that  both  the  structure  of  the  dye  and  that  of  the  organism 
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are  important  factors  in  the  selective  action.  The  organisms  that  are 
positive  fix  the  dye  because  they  possess  conipomids  in  their  structare 
capable  of  reacting  with  the  dye  to  form  new  complexes  which  limit  or 
destroy  the  cell  activity  of  the  organism.  The  concentration  of  the  dye 
is  an  important  factor  in  determining  its  power  to  kill  the  organism,  or 
in  other  words,  the  smvival  of  the  organism  depends  upon  the  d^;ree  to 
which  the  destructive  reaction  between  its  components  and  the  dye  has 
taken  place  and  this  in  turn  is  dependent  on  the  amount  of  dye  which  the 
cell  has  absorbed. 

^.  4.  The  effectiveness  of  the  dyes  used  was  the  same  in  dilutions  of 
I  :  100,000  but  different  in  greater  dilutions. 

5.  No  one  of  the  dyes  was  effective  for  B.  subtilis  in  dilutions  greater 
than  I  :  100,000.  B.  mycoides  was  killed,  however,  by  malachite  green 
in  dilution  of  i  :  100,000,  by  rosaniline  in  dilution  of  i  :  200,000,  and  by 
gentian  violet,  pentamethyl-  and  hexamethyl-p-rosaniline  hydrochloride 
in  a  dilution  of  i  :  300,000. 

6.  The  basic  nitrogen  groups  appear  to  be  the  reactive  groups  and  their 
action  is  intensified  by  substitution  of  methyl  for  amino  hydrogen. 

I  am  greatly  indebted  to  Mr.  John  Burisch,  formerly  a  student  at 
Wesleyan  University,  for  assistance  in  the  bacteriological  part  of  this 
investigation,  and  hereby  express  my  deep  appreciation  of  his  valuable 
W(»:k. 

Bound  Brook,  N.  J. 


[Contribution  from  thb  Laboratories  of  thb  Rockbpsllbr  Institute  for 

Medical  Research.] 

SYNTHESES   IN   THE   CINCHONA   SERIES.    IL  QUATERNARY 

SALTS. 

By  Walter  A.  Jacobs  and  Michael  Heidelberoer. 

Received  October  1,  1919. 

In  a  recent  communication  a  plan  was  outlined  for  the  synthesis  of 
aromatic  arsenic  compounds  for  biological  study.^  The  present  paper 
and  that  following  it  represent  an  attempt  to  apply  a  similar  method  of 
treatment  to  the  field  of  the  cinchona  alkaloids,  whose  possibilities  as 
material  for  chemotherapeutic  study  in  one  direction  have  been  shown 
by  the  remarkable  specificity  for  the  pneumococcus  displayed  by  ^hyl- 
hydrocupreine.* 

Without  entering  into  any  extended  discussion  it  may  be  stated  that 
previous  S3mthetic  studies  in  the  cinchona  group  have  consisted  mainly 
in  the  preparation  of  ethers  of  the  phendic  hydroKyl  group  at  (i)  in  the 
formula  (ethylhydrocupreine  being  the  ethyl  ether),  and  in  the  formation 

*  Tms  Journal,  41,  1581  (1919). 

•Morgenroth  and  Levy,  Bcrl.  klin.  Wochschr.,  48,  1360,  1979  (191 1). 
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of  a  large  variety  of  esters,  making  use  of  the  alcoholic  hydroxyl  group 
(2),  many  of  the  latter  substances  having  been  produced  in  the  search  for 
a  tasteless  quinine  derivative. 


CH 


:hch,ch, 
(4) 


k:H, 


Several  years  ago  the  writers  made  an  extended  study  of  the  quaternary 
salts  of  hexamethylene-tetramine,  many  of  which  proved  to  possess  con- 
siderable bacteriddal  power.  ^  Since  the  cinchona  alkaloids  also  contain 
a  reactive  tertiary  amine  group  at  (3)  it  was  thought  possible  that  from 
these  also  bactericidal  or,  more  specifically,  pneumococddal  substances 
might  be  synthesized  using  this  as  a  basis.  The  present  paper  gives  the 
chemical  part  of  the  work,  and  the  bacteriological  and  biological  findings 
win  be  reported  in  the  appropriate  place  by  Dr.  Martha  Wollstein,  who  has 
had  charge  of  this  phase  of  the  work. 

The  methochlorides  are,  of  course,  the  simplest  quaternary  salts  possible, 
and  a  number  of  these  were  prepared  as  a  basis  for  comparison.  Next 
in  complexity  come  the  benzyl  chlorides,  several  of  which  were  obtained 
crystalline  for  the  first  time.  Another  larger,  new  group  consisted  of  the 
salts  formed  with  the  chloroacetyl  derivatives  of  ammonia,  the  lower 
aliphatic  amines,  and  of  benzylamine.  Up  to  this  point  the  salts  were 
in  general  fairly  readily  soluble  in  water  and  in  dilute  solution  did  not  give 
precipitates  with  alkali.  In  the  case  of  the  chloroacetyl  derivatives  of  the 
aromatic  amines  the  new  series  of  salts  with  the  alkaloids  were  only  spar- 
ingly soluble  in  cold  water,  and  were,  therefore,  converted  into  their  water- 
soluble  hydrochlorides  in  order  to  render  them  suitable  for  biological  test- 
ing. The  aqueous  solutions  so  obtained  gave  precipitates  of  the  quater- 
nary bases  on  mstking  alkaline  with  sodium  hydroxide,  but  in  only  one 
case  was  a  crystalline  base  obtained.  The  quaternary  salts  with  the 
aromatic  chloroacetyl  dmvatives  also  dissolved  in  dil.  nitric  add,  most 
of  them  soon  depositing  beautifully  crystalline,  sparingly  soluble  dinitr^tes 
or  dikMide  nitrates,  a  representative  of  each  group  being  described  and 
analyzed.  Most  of  the  salts  prepared  crystallized  with  water  of  crystalUza- 
tion,  or  in  cases  in  which  anhydrous  solvents  were  used,  came  to  final 
equilibrium  in  the  air  with  water  of  crystallization.  Solutions  of  all  of 
»  J.  Bid.  Chem.,  30,659,  685  (1915);  21, 103,  et  seq.  (1915);  /.  Exp.  Med.,  23,^563, 
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the  salts,  aliphatic  as  wdl  as  aromatic,  yielded  immediate  precipitates  with 
sedations  of  picric  add  or  potassium  dicfaromate.  The  ^ts  of  alkaloids 
in  which  the  side-chain  at  (4)  had  been  hydrogenated  and  with  halides 
containing  no  readily  oxidizable  group,  also  gave  ptuple  precipitates  with 
potassium  permanganate. 

Experimental. 

The  quaternary  salts  of  the  alkaloids  with  the  chloroacetyl  derivatives 
of  the  aliphatic  and  aromatic  amines  were  prepared  by  boiling  equimolecular 
amounts  of  the  components  in  dry  acetone  for  5  to  7  hours,  and  this  method 
is  to  be  assumed  below  unless  another  is  given.  Unfortunately,  no  general 
method  can  be  given  for  the  isolation  and  purification  of  the  salts,  for 
although  many  either  oystallized  directly  from  the  reaction  mixture  or 
remained  as  a  crystalline  residue  when  this  was  evaporated,  most  of  the 
salts  required  different  treatment  in  each  case.  Water  of  crystallization 
was  determined  in  all  cases  after  allowing  the  salt  to  come  to  equiUbrium 
in  the  air;  the  water  was  then  driven  off  in  vacuo  over  sulfuric  add  at  room 
temperatiure,  80°,  or  100°,  depending  on  the  properties  of  the  salt.  In 
the  case  of  the  hydrochlorides  of  the  quaternary  salts,  most  of  those  whidi 
were  recrystallized  from  an  aqueous  solvent  were  first  air-dried;  all  were 
dried  for  analysis  to  constant  wdght  in  vacuo  at  room  temperature  over 
sulfimc  add  and  crushed  alkali.  Nitrogen  was  usually  determined  by 
the  Dumas  method,  although  accurate  values  were  also  obtained  by  proper 
use  of  the  Kjddahl  method.  Halogen  was  determined  in  the  majmty 
of  cases  by  the  Volhard  method,  and  it  was  sometimes  necessary,  owing 
to  the  formation  of  difficultly  soluble  nitrates  which  occasi(»ially  separated 
as  gums  before  crystallizing,  to  add  a  definite  excess  of  the  silver  nitrate 
solution  and  heat  on  the  water  bath  before  proceeding  with  the  analy^. 
Optical  rotations  were  calculated  by  means  of  the  formula:  [a]  =  a  X 
loo/l  Xc,taking(;asg.of  substance  per  100  cc.  solvent,  a  dose  approxima- 
tion for  low  concentrations.  Mdting  points  above  140°  were  corrected 
to  the  short-stem  thermometer  basis. 

(A)  Quaternary  Salts  of  Cinchonine. 

Cinchonine  Methochloride. — Although  this  salt  is  mentioned  in  the 
literature^  it  does  not  seem  to  have  been  described.  16.8  g.  of  dndionine 
methiodide  were  suspended  in  water  and  shaken  for  two  hours  with  freshly 
predpitated  silver  chloride.  The  mixture  was  warmed  on  the  water  bath, 
filtered  hot,  and  the  filtrate  treated  with  sodium  chloride,  causing  the 
gradual  deposition  of  the  salt,  which  was  recrystallized  from  water,  fonning 
rhombic  oystals  containing  one  molecule  ot  water  oi  crystalUzation.  The 
yidd  was  9  g.  When  rapidly  heated  to  265°,  then  slowly,  the  air-dry  or 
anhydrous  chloride  decomposes  at  270^,  with  preliminary  darkening.  It 
.dissolves  readily  in  methyl  or  ethyl  alcohol,  less  easily  in  water,  and  is 
'  Stahlsdunidt,  Ann.,  go,  219  (1854);  Rosenstein,  Compt,  rend,,  130,  753  (1900). 
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almost  insoluble  in  acettme.    In  water  [a]^'^  is  +225.1  ^  c  »  1.482.    The 
taste  is  weakly  bitter. 

Subs,  (air-dry),  0.6863:  loss,  0.0344  ^^  vacuo  at  100^  over  H1SO4. 

Calc.  for  CioHiftONtCl.HjO:  H,0,  4.97-    Found:  5.01. 
.    Subs,  (anhydrous),  0.2432.    AgCl,  0.1012. 

Calc.   for   CtoHttONiCl:  CI,    10.28.     Found:  10.29. 

Cinchonine  Benzyl  Chloride. — Bquimolecular  amounts  of  dnchonine 
and  benzyl  chloride  were  boiled  daily  on  the  water  bath  with  acetone  for 
about  two  weeks.  Although  considerable  cinchonine  remained  unat- 
tacked  this  method  avoided  the  partial  decomposition  occurring  when 
alcohol  is  used.^  The  mixtiu-e  was  finally  chilled,  filtered,  and  the  pre- 
cipitate boiled  with  water,  filtering  hot.  The  chloride  oystallized  on  cool- 
ing as  minute  rods  containing  no  water  of  crystallization  and  melting  and 
decomposing  to  a  purple  mass  at  about  280°,  with  preliminary  darkening. 
Claus  and  Treupd  give  the  decomposition  point  as  248^.  The  salt  dis- 
solves in  hot  water  or  alcohol,  sparingly  in  hot  acetone  or  chloroform,  or 
in  the  cold  in  water  or  alcohol,     [ajo  in  water  =  +164.8®,  c  =  0.716. 

Subs.,  0.2563 :  AgCl,  0.0870. 

Calc.  for  CmHmONiCI:  CI,  8.43.     Found:  8.40. 

Cinchonine  lodoacetamide,  C19H2SON2.ICH2CONH2. — 15  g.  of  cin- 
chcmine  were  dissolved  in  boiling  alcohol  and  treated  with  9.3  g.  of  iodo- 
acetamide.  After  letting  cool  the  solution  was  partially  concentrated 
in  vacuo,  let  stand  overnight,  and  filtered  from  the  precipitate  of  unchanged 
dnchonine.  The  filtrate,  concentrated  almost  to  dryness  on  the  water 
bath,  crystallized  on  rubbing  with  water,  3delding  16  g.  of  the  crude  iodide. 
Recrystallized  from  water  with  the  aid  of  boneblack  it  forms  aggregates 
of  long,  thin  plates  and  flat,  prismatic  needles  containing  2  molecules  of 
water  of  crystallization.  The  anhydrous  salt  gradually  softens  above 
145®  to  a  ydlow  jelly  which  darkens  as  the  temperature  is  raised  and  de- 
composes slowly  at  about  190°.  It  is  very  easily  soluble  in  methyl  or 
ethyl  alcohol  and  dissolves  readily  in  hot  water  and  sparingly  in  the  cold. 

Subs,  (air-dry),  0.6344:  loss,  0.0414  in  vacuo  at  100**  over  H1SO4. 

Calc.  for  CjiHmOjNiI.2HiO:  HjO,  6.99.     Found:  6.53. 

Subs,  (anhydrous),  0.1403:  10.6  cc.  N.  (29.0^  761  mm.).  Subs.,  0.1641:  Agl. 
0.0778. 

Calc.  for  CiiHieOjNJ:  N.  8.77;  I,  26.48.     Found:  N,  8.56;  I,  25.62. 

Cinchonine  Chloroacetamide. — 14.5  g.  of  cinchonine  iodoacetamide 
were  converted  into  the  chloro  compound  and  this  isolated  exactly  as  in 
thecaseof  themethochloride.  The  product  was  reaystallized  from  a  small 
volume  of  water,  separating  as  rosets  of  minute,  narrow  platelets  contain- 
ing two  molecules  of  water  of  crystallization,  and  melting  with  effervescence 
at  110-20°  when  rapidly  heated.  The  jrield  was  9  g.  The  anhydrous 
>  Cla^s  ^nd  Trcupcl,  Ber.,  13,  2294  (1880). 
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chlcnide  gradually  melts  to  a  yellow  jelly  when  heated  and  liquefies  com- 
pletely at  about  195^,  with  darkening  and  slow  gas  evohition.  [a]^  in 
water  is  ^-I74.2^  c  =  1.163.  It  disscdves  readily  in  water,  methyl  or 
ethyl  alcohol,  or  chloroform,  and  softens  under  dry  acetone,  dissolving 
with  dfficulty.  The  air-dry  chloride  dissolves  rather  sparingly  in  cold 
water,  a  suspension  clearing  on  adding  sodium  hydroxide. 

Subs,  (air-dry),  0.8162 :    loss,  0.0698  in  vacuo  at  100®  over  HtSO*. 

Calc.  for  CmHmOjNjC1.2H,0:  H2O,  8.51.    Fotmd:  8.55. 

Subs,  (anhydrous),  0.15 13:  14.3  cc.  N  (23.0®,  753  mm.). 

Subs.,  O/1784:  9.01  cc.  AgNOt  soln.  (i  cc.  =  0.001812  g.  CI). 

Calc.  for  CjiHmOjNjCI:  N,  10.84;  CI,  9.15.     Found:  N,  10.80;  CI,  9.15. 

An  attempt  was  made  to  prepare  the  substance  directly  from  dnchonine 
and  chloroaoetamide  in  boiling  acetone  but  little  ionizedhalpgen  wasformed. 

(B)  Quaternary  Salts  of  Cinchonidine. 
Cinchonidine  Methochloride. — ^This  substance  was  prepared  and 
isolated  in  the  same  way  as  its  dnchonine  stereoisomer,  except  that  it 
was  necessary  to  saturate  the  solution  with  salt  after  removal  of  the  silver 
iodide.  The  crude  product  was  sucked  as  dry  as  possible,  dissolved  in 
absolute  alcohol,  filtered  from  sodium  chloride,  and  cautiously  precipitated 
by  the  addition  of  dry  ether.  A  repetition  of  the  purification  process 
proved  to  be  necessary.  The  salt  forms  minute  needles  containing  between 
one  and  1.5  molecules  of  water  of  aystaUization.  The  test  for  alcohol 
of  crystallization  was  negative.  When  rapidly  heated  to  230**,  then  slowly, 
the  anhydrous  compoimd  melts  and  decomposes  at  232-3®  with  slight 
preliminary  softening.  [ajo  in  water  is  — 142.7^  c  =  1.489.  The 
air-dry  salt  begins  to  melt  about  20®  lower  than  the  dried  portion.  Claus 
and  Bock*  give  158°  as  the  melting  point  of  the  anhydrous  salt.  It  dis- 
solves readily  in  the  cold  in  water,  methyl  or  ethyl  alcohol,  or  chlctttifcnui, 
and  only  sparingly  in  dry  acetone. 

Subs,  (air-dry),  0.6458:  loss,  0.0394  ♦*•  vacuo  at  100**  over  HjSOi. 

Calc.  for  CioHisONtCl.HjO:  H,0,  7.27.    Found:  6.10. 

Subs,  (anhydrous),  0.3441:  AgCl,  0.1031. 

Calc.  for  CioHfiONjCl:  CI,  10.28.    Pound:  iouH- 

Chichonidme  Chloroaoetamide,  Ci9H220Nt.ClCH2CONH,.— 15  g.  of 
cinchonidine  were  dissolved  in  warm  chloroform  and  treated  with  9.5  g. 
of  iodoacetamide,  warming  until  dear.  The  next  day  about  one-half  of 
the  chloroform  was  evaporated  oflf  and  the  iodide  precipitated  by  means 
of  dry  ether.  The  crude  product  showed  no  tendency  to  crystallize  and 
was  accordingly  dissolved  in  hot  alcohol,  diluted  with  water  until  just 
faintly  tiu-bid,  and  converted  into  the  chloride  with  freshly  precipitated 
silver  chloride.  The  filtrate  was  concentrated  to  dr3aiess  in  vacuo,  evapor- 
ated down  twice|with  absolute  alcohol  in  vacuo,  and  finally  taken  up  in 
*  Ber.,  13,  2 191  (1880). 
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absolute  alcohcd  and  fractionally  precipitated  with  dry  ether.  The  first 
gummy  portions  were  discarded  until  finally  a  white,  solid,  amorphous 
product  was  precipitated.  This  was  filtered  oflf,  washed  with  dry  ether, 
and  dried,  the  yield  being  3.5  g.  When* heated  it  gradually  softens  and 
turns  yellow,  becoming  completely  fluid  at  about  190°.  [aJo*  in  water 
is  — 1 1 2.5  ^  c  ~  1.422.  The  salt  dissolves  readily  in  water,  methyl  or 
ethyl  alcohj>l,  or  chloroform,  and  forms  a  gum  under  dry  acetone,  dissolving 
with  diflBculty. 

Subs.  0.1416:  13.3  cc.  N  (24.5®,  755  mm.). 

Subs.  0.1720:  8.59  cc.  AgNOi  soln.  (i  cc.  =  0.001812  g.  CI). 

Calc.  for  C«H«OjNiCl:  N,  10.84;  CI,  915.     Found:  N,  10.72;  CI,  905. 

(C)  Quaternary  Salts  of  Quinine. 
Quinine  Methochloride. — 20.5  g.  of  quinine  methiodide  were  con- 
verted into  the  chloride  in  the  usual  manner,  salting  out  the  compound 
by  means  of  sodium  chloride  solution.  After  recrystallization  from  ab- 
solute alcohol,  1 1.6  g.  of  the  methochloride  were  obtained  as  delicate 
needles  containing  two  molecules  of  water  of  crystallization.  A  test  for 
alcohol  of  crystallization  was  negative.  The  anhydrous  salt  melts  partially 
at  170-5°,  liquefying  completely  at  196-8°  to  an  orange  fluid  filled  with 
bubbles,  [ajo  =  — 211.7°  in  water,  c  =  0.655.  The  salt  is  sparingly 
soluble  in  cold  water,  readily  on  heating,  and  dissolves  freely  in  alcohol 
and  very  easily  in  methyl  alcohol.  Claus  and  Mallmann^  describe  the 
methochloride  as  needles  containing  one  molecule  of  water  of  crystalliza- 
tion, melting  at  181-2°  when  dry,  and  dissolving  readily  in  water. 

Subs,  (air-dry),  0.7396^  loss,  0.0642  in  vacuo  at  100®  over  H1SO4. 

Cak.  for  CjiHnOiNjCl.aH^ :  HiO,  8.77.     Found:  8.68. 

Subs,  (anhydrous),  0.2578:  AgCl,  0.0986. 

Calc.  for  CtiHnOjNiCl:  CI,  946.     Found:  9.46. 

Quinine  Benzyl  Chloride. — 17  g.  of  qtiinine  were  dissolved  in  warm 
acetone  and  allowed  to  stand  in  a  warm  place  with  6.3  g.  of  benzyl  chloride, 
adding  acetone  from  time  to  time  as  it  evaporated.  After  about  a  week 
a  test  portion  deared  completely  on  dilution  with  water  and  addition  of 
add.  Most  of  the  acetone  was  then  boiled  off  and  absolute  alcohol  added. 
Chi  warming  and  adding  several  volumes  of  dry  ether  oystallization  of 
the  salt  commenced.  The  yidd  was  19.  i  g.  Reoystallized  from  absolute 
alcohol  the  chloride  forms  faintly  yellow,  rhombic  prisms  containing  one 
molecule  of  water  of  crystallization.  A  test  for  alcohol  of  oystallization 
was  negative.  When  rapidly  heated  to  180°,  then  slowly,  the  air-dry 
or  anhydrous  salt  mdts  and  darkens  at  183-8^.  [ajp  of  the  anhydrous 
compound  in  water  is  — 230.5°,  c  =  1.479.  The  chloride  has  a  bitter 
taste  and  dissolves  fredy  in  cold  water,  methyl  or  ethyl  alcohol,  or  acetone; 
less  easily  in  ethyl  acetate,  and  sparingly  in  chloroform.  Mazzara  and 
» Ber.,  14,  76  (1881), 
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Possetto,^  who  prepared  the  salt  in  alcoholic  solution,  describe  it  as  amor- 
phous. 

Subs,  (air-dry),  0.8335  •    loss,  0.0295  in  vacuo  at  100^  over  HsSOi. 
Calc.  for  CfrHiiOjNjCl.HtO:  HiO^  384.     Found:  3.54. 

Subs,  (anhydrous),  0.1311:  7.4  cc.  N  (23.5*,  749  mm.).      Subs.,  0.2668:  AgQ, 
0.0844. 

Calc.  for  CjtHjiOjNiCI:  N,  6.22;  CI,  787.    Found:  N,  6.40;  CI,  7.83. 

Quinine  lodoacetamide. — After  about  1.5  hotu^  an  acetone  solution 
of  16.2  g.  of  quinine  and  9.3  g.  of  iodoacetamide  at  room  temperature  be- 
gan to  deposit  the  quaternary  salt  as  rhombic  crystals,  22.8  g.  being  ob- 
tained. Recrystallized  from  water  it  first  softens  to  a  paste,  and  separates 
as  prisms  containing  1.5  molecules  of  water  of  crystallization.  In  this 
form  the  iodide  dissolves  readily  in  methyl  or  ethyl  alcohol  or  acetone,  and 
is  sparingly  soluble  in  cold  water,  readily  in  hot.  The  anhydrous  salt 
gradually  darkens  and  forms  a  jelly  when  heated,  finally  melting  completdy 
at  175-80°.  It  dissolves  readily  in  chloroform  and  shows  [a]^  =  — 152.2" 
in  water,  c  =  1.009. 

Subs,  (air-dry),  0.4789:  loss,  0.0257  in  vacuo  at  100®  over  HiSO«. 
Calc.  for  CaHMO,N»I.i.5H^:  HiO,  5.04.     Found:  5.37. 
Subs,  (anhydrous),  0.1962:  Agl,  0.0898. 
Calc.  for  CssHtsOsNiI:  I,  24.93.     Found:  24.73. 

Quinine  Chloroacetamide. — 20  g.  of  the  iodide  were  shaken  in  water 
for  two  hours  with  excess  silver  chloride,  warmed,  and  filtered.  The  filtrate 
was  concentrated  to  dryness  in  vacuo,  taken  up  twice  in  absolute  alcohol  and 
concentrated  as  before,  and  finally  dissolved  in  absolute  alcohol  and 
cautiously  precipitated  by  the  addition  of  dry  ether.  The  solid,  amorphous 
precipitate  was  collected,  ground  up  under  dry  ether,  filtered  again,  and 
dried,  the  jdeld  being  11.8  g.  The  chloride  gradually  softens  above  160® 
and  appears  completely  fluid  at  190°,  with  gas  evolution,  [a]©  in  water 
is  — 159.6°,  c=  1.473.  The  salt  dissolves  readily  in  water,  methyl  or  ethyl 
alcohol  or  chloroform,  and  only  sparingly  in  acetone.  On  boiling  an 
aqueous  solution  with  sodium  hydroxide  ammonia  is  evolved. 

Subs.  0.1387:  12.45  cc.  N  (24.5®,  768  mm.).    Subs.  0.2321:  AgCl,  0.0787. 

Calc.  for  C«HtsOiNiCl:  N,  10.06;  CI,  8.49.     Found:    N,  10.41;  CI,  8.39. 

Quinine  Chloroacetanilide  (Quinine  Acetanilide  .Chloride),  Ct^uO^t. 
ClCH2CONHCeH8.— The  method  given  at  the  beginning  of  the  "Eiq)eri- 
mental  Part"  was  used,  with  8.5  g.  of  chloroacetanilide.*  After  boilii^ 
off  the  acetone  dry  chloroform  was  added  to  the  already  partially  crystal- 
line residue.  After  letting  stand  19  g.  of  silky  needles  of  the  quaternary 
salt  were  obtained.  It  was  ptnified  by  dissolving  in  absolute  alcohol, 
filtering  with  the  aid  of  boneblack,  and  adding  several  volumes  of  dry 
ether,  separating  after  rubbing  or  seeding  as  ros^ts  of  d^c^te  needles, 

*  Gass.  chim.  ital.,  13,  530  (1884). 

«  Tpis  JouRNAj.,  39,  1441  (1917)- 
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which  are  quite  hygroscopic  until  dried.  When  rapidly  heated  to  220®, 
then  slowly,  the  salt  darkens  slightly  above  190^  and  mdts  with  decompo- 
sition at  224-5°.  laJi)'^  in  absolute  alcohol  is  — 131.5°,  c  =  1.046. 
It  dissolves  readily  in  methyl  or  ethyl  alcohol,  sparingly  in  dry  acetone. 
It  dissolves  in  dry  chloroform,  quickly  separating  again  apparently  with 
chloroform  of  crystallization.  It  gelatinizes  under  cold  water  and  dis- 
solves on  heating,  separating  again  on  cooling  as  a  vaseline-like  mass. 
It  dissolves  with  effervescence  in  cone,  sidfiuic  acid,  giving  a  pale  yellow- 
green,  fluorescent  solution.  The  compotmd  also  gives  the  thalleoquinine 
test. 

Subs.,  0.1916:  14.35  cc-  N  (19.0°,  760  mm.). 

Subs.,  0.1731:  6.92  cc.  AgNOs  soln.  (1  cc.  =  0.001812  g.  CI). 

Calc.  for  CjsHmOsNjCI:  N,  8.51 ;  CI,  718.     Found:  N,  8.57;  CI,  7.24. 

The  Hydrochloride. — Quinine  chloroacetanilide  in  absolute  alcohol  was 
•treated  with  alcoholic  hydrochloric  add,  the  hydrochloride  separating 
quickly  as  aggregates  of  minute,  flat  needles,  and  was  filtered  off  after 
adding  an  equal  volume  of  dry  ether.  The  crude  salt  was  dissolved  in  hot 
absolute  alcohol,  crystallized  by  the  cautious  addition  of  dry  ether,  and 
dried  in  vacuo  at  room  temperatiu^e  over  sulfiuic  add  and  crushed  alkali. 
When  rapidly  heated  to  200°,  then  slowly,  it  darkens  and  mdts  with  de- 
composition at  204-6**  to  a  deep  red  mass. 

It  has  a  sharp,  bitter  taste  and  dissolves  readily  in  water,  yidding  a 
solution  add  to  Utmus  but  not  to  congo  red.  It  dissolves  very  readily 
in  methyl  alcohol,  less  easily  in  absolute  alcohol  or  dry  chloroform,  and  is 
very  difficultly  soluble  in  dry  acetone.  An  aqueous  solution  gives  an 
amorphous  predpitate  with  excess  alkali. 

Subs.,  0.1 881:  13. 1  cc.  N  (24.5  ^  758  mm.). 

Subs.,  0.1258:  9.05  cc.  AgNOi  soln.  (i  cc.  =  0.001812  g.  CI). 

Calc.  for  CisHaOiNiCl.HCl:  N,  7.93;  CI,  1337.     Found:  N,  7.97;  CI,  1304. 

Quinine  Chloroacetanilide  Nitrate,  C2oH2402N2.ClCH2CONHCflH6.- 
HNOa. — ^By  analogy  with  the  corresponding  derivative  of  hydroquinine 
(see  bdow)  this  salt  was  originally  believed  to  be  quinine  acetanilide  di- 
nitrate,  but  as  it  persistently  retained  several  per  cent,  of  chlorine  in  spite 
of  attempts  to  substitute  the  nitrate  ion  the  preparation  was  modified 
as  follows:  2  g.  of  the  chloride  hydrochloride  were  dissolved  in  water 
with  the  aid  of  a  drop  of  dil.  nitric  add  to  drive  back  dissociation. 

A  few  drops  of  saturated  salt  solution  were  added  and  then  10%  nitric  add 
until  the  initial  turbidity  bardy  redissolved  and  crystals  began  to  form. 
The  salt  separated  rapidly  on  rubbing  and  after  letting  stand  in  the  cold 
it  was  filtered  off  and  dissolved  in  hot  water.  The  solution  was  then  cooled 
to  initial  turbidity,  deared  with  a  drop  of  dil.  nitric  add  and  treated  with 
a  few  drops  of  saturated  sodium  chloride  solution,  then  with  10%  nitric 
add  until  aystals  began  to  separate.    After  finally  letting  stand  in  the 
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ice  tx)z  the  deposit  of  thin,  nacreous  platelets  was  filtered  off  and  washed 
with  a  little  ice  water.  The  yield  was  1.4  g.  When  rapidly  heated  to 
100®,  then  slowly,  the  salt  decomposes  at  201-3°  with  preliminary  brown- 
ing and  softening.  It  is  appreciably  soluble  in  water  at  room  temperature, 
but  is  almost  insoluble  in  the  presence  of  nitric  acid.  It  is  readily  soluble 
in  boiling  water,  less  easily  in  boiling  methyl  or  ethyl  alcohol,  and  difficultly 
in  boiling  acetone  or  chloroform.  The  air-dry  salt  contains  no  water  of 
crystallization. 

Subs.  0.1 163:  10.9  cc.  N  (28.5®,  763  mm.). 

Subs.  0.1352:  4.54  cc.  AgNO*  soln.  (i  cc.  =  0.001794  g.  CI). 

Calc.  for  CisHttOiNia.HNO,:  N,  10.06;  CI,  6.37.     Found:  N,  10.65:  CI,  6.03. 

Quinine  ^hloroacetylamino-phenol,  CMHi40tN2.ClCH2CONHCtH4- 
OH(p-). — ^4.7  g.  of  ^-chloroacetylamino-phenoP  were  used.  Toward 
the  end  a  dark  tar  separated,  and  on  standing  overnight  a  portion  of  this 
crystallized.  The  acetone  was  poiu-ed  off  and  the  crude  material  dissolved 
in  a  little  warm  absolute  alcohol  and  treated  with  several  volumes  of  dry 
acetone.  Dry,  alcohol-free  ether  was  then  cautiously  added  until  a  slight 
permanent  turbidity  had  formed,  and  (after  treating  with  bonebl^dc, 
the  filtrate  was  seeded.  On  rubbing  and  stirring  and  occasionally  adding 
additional  small  amounts  of  dry  ether,  5.1  g.  of  the  chloride  separated  as 
rosets  of  minute,  faintly  pinkish  needles.  The  salt  was  washed  with  dry 
acetone,  dried  in  vacuo  over  sulfuric  add  to  remove  adhering  solvent,  and 
then  air-dried,  coming  to  equiUbrium  with  approximately  1.5  molecules 
of  water  of  aystallization.  It  then  dissolves  with  difficulty  in  cold  water, 
freely  on  heating,  separating  on  cooling  as  a  jelly.  An  aqueous  solution 
g^es  a  precipitate  with  sodium  hydroxide.  The  anhydrous  salt  softens 
at  about  180-90**  to  an  orange  red  jelly  which  is  completely  fluid  at  about 
205®  and  slowly  evolves  gas.  It  dissolves  readily  in  methyl  or  etliiyl 
alcohol,  forms  a  gum  under  dry  chloroform,  and  is  sparingly  soluble  n 
cold,  dry  acetone,  more  easily  on  warming. 

Subs,  (air-dry),  0.4644:    loss,  0.0258  in  vacuo  at  lOO*  over  H1SO4. 

Calc.  for  CmH»04NiC1.i.5HiO:  HjO,  503.    Found:  5.56. 

Subs,  (anhydrous),  o.i2i3:    8.6  cc.  N  (24.0®,  759  mm.).    Subs.,  0.1998:  AgO. 

0.0533. 

Calc.  for  CjtH«04N,Cl:  N,  8.24;  CI,  6.96.     Found:  N,  8.1 1 ;  CI.  6.60. 

Quinine  ^Chloroacetylamino-benzamidei  CsoH240tN2.ClCHsCONH- 
CeHiCONHiC^). — ^4.25  g.  of  {^-chloroacetylamino-benzamide^  were  used, 
with  alcohol  as  the  solvent.  This  was  then  boiled  off  and  the  gummy 
residue  taken  up  in  dry  acetone,  the  chloride  soon  crystallizing  from  the 
dark  brown,  fluorescent  solution.  The  yield  was  4.7  g.  The  crude  salt 
was  purified  by  dissolving  in  hot,  dry  chloroform,  treating  with  bonebladc, 
filtering,  and  adding  several  volumes  of  dry  acetone,  then  by  recrystal- 
'  This  JomtNAL,  39,  1442  (1917). 
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lization  from  absolute  alcohol,  in  which  it  is  sparingly  soluble  in  the  cold, 
quite  easily  on  boiling.  It  forms  pale  tan  rhombs  containing  3.5  molecules 
of  water  of  crystallization  or  1.5  molecules  of  alcohol.  When  rapidly 
heated  to  175**,  then  slowly,  the  anhydrous  salt  melts  at  178-9®  with  gas 
evolution  to  a  red-brown  liquid.  [a]o  ^  — 164.4®  '^  absolute  alcohol, 
c  »  0.979.  ^^  ^  soluble  in  dry  chloroform,  difficultly  so  in  cold  absolute 
alcohol,  readily  on  boiling  with  a  yellow  color,  and  is  almost  insoluble  in 
bmling  benzene.  A  solution  in  dilute  add  gives  a  gummy  precipitate 
with  excess  sodium  hydroxide  and  if  this  is  washed  well  with  water  cmd 
rubbed,  it  gives  the  microcrystalline,  difficultly  soluble  quaternary  base. 

Subs,  (air-dry),  0.7616:  loss,  very  slow,  0.0789  in  vacvo  at  100®  over  HtSOi. 

Cak.  for  CtfHttOiNiQ.asHiO:  HjO,  .10.52.  For  i.sCiHiOH:  11.40.  Found: 
10.36. 

Subs,  (anhydrous),  0.1325:  11.9  cc.  N  (18.0®,  749  mm.).  Subs.,  0.2289:  AgCl, 
0.0588. 

Cak.  for  CifHisOiNiCl :  N,  10.44;  CI,  6.61.    Found:  N,  10.39;  CI,  6.36. 

(D)  Quaternary  Salts  of  Quinidine. 
Quinidine  Methochloride. — 19.9  g.  of  quinidine  methiodide  were 
converted  into  the  methochloride  as  usual,  salting  out  the  product  cau- 
tiously with  sodium  chloride  solution.  Treated  in  absolute  alcoholic 
solution  after  filtering  from  sodium  chloride,  with  several  volumes  of  dry 
ether  the  salt  crystallizes  on  rubbing  as  aggregates  of  prisms  containing 
solvent  equivalent  to  one  molecule  of  water  of  crystallization  when  air 
dry.  The  yield  was  8.5  g.  The  anhydrous  salt  melts  with  decomposition 
at  250-1"*  and  gives  [a^  =  +253.1®  in  water,  c  =  1.505.  It  dissolves 
readily  in  water,  methyl  or  ethyl  alcohol,  or  chloroform  and  is  almost  in- 
soluble in  dry  acetone  or  benzene. 

Subs,  (air-dry),  0.5200:  loss,  0.0245  in  vacuo  at  100®  over  HjS04. 
Calc.  for  CjiHijOiNjCl.HiO:  HjO,  4.59.     Found:  4.71. 
Subs,  (anhydrous),  0.2216:  AgCl,  0.0837. 
Calc.  for  CwHitOjNiCI:  CI,  946.     Found:  935. 

Quinidine  Benzyl  Chloride. — ^The  components  were  allowed  to  stand 
in  a  warm  place  in  acetone  solution  for  15-20  days.  After  boiling  oflf 
the  acetone  the  residue  soon  began  to  oystallize  and  the  process  was  has- 
tened by  adding  dry  acetone.  The  collected  salt  was  ground  up  with  dry 
acetone,  heated  to  boiling,  cooled,  filtered  again  and  washed  with  dry  ace- 
tone. The  yield  was  85%  of  the  quinidine  used.  The  chloride  forms  pale 
ydlow,  hair-like  needles,  containing  approximately  2  molecules  of  water 
of  crystallization  when  air-dry.  The  anhydrous  salt  gradually  melts  and 
decomposes  up  to  180°  when  heated  and  gives  [afu^  =  +219.9°  in  water, 
c  =  0.632.  It  softens  under  dry  methyl  or  ethyl  alcohol  or  dry  chloro- 
fcnrm,  dissolving  readily,  and  is  more  sparingly  soluble  in  dry  acetone. 
The  chloride  also  dissolves  readily  in  water. 
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Subs,  (air-dry),  0.7596:  loss,  0.0609  in  vacuo  at  80 *,  then  loo*  over  HsS04. 

Calc.  for  C«7HaOtNiC1.2HiO:  H,0,  7.40.     Found:  8.02. 

Subs,  (anhydrous),  0.1350:  7.5  cc.  N  (24.0**,  749  mm.). 

Subs.,  0.1557:  6.70  cc.  AgNOj  sohi.  (i  cc.  «  0.001812  g.  CI). 

Cak.  for  CiTHaiOjNta:  N,  6.22;  CI,  787.    Found:  N,  6.29;  CI,  7.80. 

Quinidine  lodoacetamide. — ^The  quaternary  salt  oystallized  in  prac- 
tically quantitative  yield  on  suspending  quinidine  in  hot  acetone,  adding 
one  equivalent  of  iodoacetamide,  shaking  until  dear,  and  letting  stand 
overnight.  As  so  obtained  the  salt  forms  a  paste  under  water,  crystal- 
lizing on  rubbing.  Recrystallized  from  water  it  forms  rosets  of  long, 
narrow  plates  containing  1.5  molecules  of  water  of  crystallization.  The 
anhydrous  iodide  melts  to  a  yellow  jelly  at  165-70°,  gradually  liquefying 
and  darkening  until  entirely  fluid  and  filled  with  bubbles  at  about  190°. 
[«]d*^  =  +166.2**  in  absolute  alcohol,  c  =  1.008.  It  becomes  pasty  under 
methyl  or  ethyl  alcohol,  dissolving  readily,  and  also  dissolves  in  chloro- 
form. The  hydrate  is  easily  soluble  in  hot  water,  sparingly  in  the  cold, 
and  dissolves  readily  in  acetone,  separating  immediately  on  rubbing,  pre- 
sumably as  a  less  hydrated  form. 

Subs,  (air-dry),  0.6898:  loss,  0.0330  in  vacuo  at  100®  over  HtSOi. 
Calc.  for  CnHjgOtNiI.i.sHtO:  HjO,  5.04.    Found:  4.78. 
Subs,  (anhydrous),  0.2585:  Agl,  0.1180. 
Cak.  for  dsHstOiNiI:  I,  24.93.    Pound:  24.67. 

Quinidine  Chlbroacetamide. — ^After  recrystallization  from  water  this 
salt  formed  rosets  of  prismatic  needles  containing  one  molecule  of  water 
of  crystallization,  the  yield  being  about  50%  of  the  quaternary  iodide  used. 
The  anhydrous  salt  melts  at  187-91  **  to  a  yellow  jelly,  gradually  darkening 
and  finally  liquef3dng  with  decomposition  at  about  205®.  [a]o  = 
-f  207.2**  in  water,  c  =  1.031.  The  chloride  is  soluble  in  cold  water  or 
alcohol,  more  readily  in  methyl  alcohol,  and  very  sparingly  in  chloroform 
or  acetone. 

Subs,  (air-dry),  0.6128:  loss,  0.0280  in  vacuo  at  100*  over  HtSOi. 

Calc.  for  CaHwOiNsCLHtO:  HjO,  4.14.    Found:  4.57. 

Subs,  (anhydrous),  0.1300:  11.2  cc.  N  (21.5*,  759  mm.). 

Subs.,  0.2566:  AgCl,  0.0861. 

Calc.  for  CnHiiO^NaCl:  N,  10.06;  CI,  8.49.    Found:  N,  9.98;  CI,  8.30. 

Quinidine  lodoacetylurea. — Eqtdmolecular  amotmts  of  quinidine  and 
iodoacetylurea^  were  boiled  in  acetone  until  dear.  The  next  day  most 
of  the  solvent  was  boiled  ofiF  and  the  residue  taken  up  in  hot  water,  treated 

» lodoacetylurea,  ICHjCONHCONHj.— 13.6  g.  of  finely  powdered  chloroacet3durea 
were  added  to  a  solution  of  15  g.  of  dry  soditun  iodide  in  100  cc  of  dry  acetone,  shaken 
for  2.5  hours,  and  let  stand  overnight  (cf.  L.  Finkelstein,  Bcr.,  43,  1528  (1910)).  The 
mixture,  now  a  paste  of  minute  crystals  of  the  iodo  compound,  was  diluted  with  water 
and  filtered.  The  crude  lodoacetylurea  was  recrystallized  from  50%  alcohol,  in  which 
it  is  quite  sparingly  soluble,  even  at  the  boiling  point.  15.4  g.  separated  as  flat  prisms 
which  melt  and  decompose  at  182-4*  with  preliminary  fit^rkf^'WTg  and  partial  de- 


Digitized  by 


GooQle 


QUATERNARY  SALTS  OP  THIS  CINCHONA  SERIES.  2IOI 

with  bonebladc,  filtered,  and  allowed  to  cool.  The  iodide  separates  in 
almost  quantitative  yield  on  rubbing.  Recrystallized  again  from  water 
it  forms  rosets  of  minute  plates  containing  3  molecules  of  water  of  crystal- 
lization. When  rapidly  heated  to  165®,  then  slowly,  the  anhydrous  salt 
melts  at  170-5  ^  to  an  orange  mas^  which  slowly  evolves  gas  and  blackens. 
It  is  difficultly  soluble  in  cold  water,  readily  in  hot,  and  dissolves  easily 
at  room  temperature  in  methyl  or  ethyl  alcohol  or  acetone.  It  dissolves 
slowly  in  dry  chloroform  and  only  sparingly  in  benzene. 

Subs,  (air-dry),  0.6290:  loss,  0.0532  in  vacuo  at  100*  over  HsSOi. 
Calc.  for  CisHstOiNJ.aHsO:  HtO,  8.91.    Found:  8.46. 

Subs,  (anhydrous),  0.1360:  12.6  cc.  N  (30.0®,  755  mm.).      Subs.,  0.1658:  Agl, 
0.0681. 

Calc.  for  CnHtfOiNJ:  N,  10.14;  I>  ^2.98.    Pound:  N,  10.37;  I>  22.20. 

Qrinidine  Chloroacetylurea. — ^The  chloride,  prepared  from  the  iodide 
wit^  silver  chloride,  was  reoystallized  from  a  smsjl  volume  of  water,  form- 
ing rosets  of  spears  containing  3.5  molecules  of  water  of  crystallization. 
The  anhydrous  salt  melts  and  swells  at  176-8°,  with  darkening,  and  gives 
[«]d^  =  +170.9®  in  water,  c  =  1.325.  It  dissolves  readily  in  water 
or  methyl  or  ethyl  alcohol,  less  easily  in  dry  acetone  or  chloroform,  and 
difficultly  in  benzene.  The  hydrate  dissolves  rather  sparingly  in  cold 
water,  readily  on  heating  and  3rields  a  highly  supersaturated  solution  on 
cooling.  Such  a  solution  gives  an  oily  precipitate  on  adding  excess  sodium 
hydroxide  and  evolves  ammonia  on  boiling. 

Subs,  (air  dry),  0.8849:  loss,  0.1041  in  vacuo  at  80*  over  HtS04. 

Calc  for  C«Hit04N4C1.3.5HjO:  HiO,  12.03.    Found:  11.77. 

Subs,  (anhydrous),  o.  141 8:  15.3  cc.  N  (28.0%  762  mm.).        Subs.,  0.1457: 
6.07  cc  AgNOi  soln.  (i  cc  =*  0.001812  g.  CI). 

Calc.  for  CnHitOiNfCl:  N,  12.17;  CI.  7.7o.    Found:  N,  12.27;  CI,  7.55. 

(E)  Quaternary  Salts  of  Hydroquinine. 
Hydroquinine  Methlodide. — Equimolecular  quantities  of  the  base^ 
and  methyl  iodide  in  chloroform  gave  the  salt  in  a  jridd  of  78%  of  the 
theoretical  amount,  separation  being  completed  with  about  two 
volumes  of  acetone.  Recrystallized  from  absolute  alcohol  the 
methiodide  forms  faintly  yellow  prisms  which  are  anhydrous  when  air- 
dry.  It  melts  partially  at  about  170**  and  liquefies  completely,  with 
decomposition  at  233-5  ^-  [«1d  ^  is  — 107.6®  in  absolute  alcohol,  c  =  0.855. 
The  salt  is  somewhat  soluble  in  cold  water,  more  easily  in  alcohol,  and 

composition.  The  iodo  compound  dissolves  rather  difficultly  in  boiling  water  or  boiling 
acetone  and  very  sparingly  in  chloroform.  It  is  quite  soluble  in  cold  methyl  alcohol, 
less  readily  in  the  cold  in  ethyl  alcohol,  but  more  freely  on  boiling.  It  dissolves  in 
dilute  alkali  and  does  not  seem  to  be  as  active  an  irritant  as  chloroacetylurea. 

Subs.,  0.1510:  (Kjeldahl)  18.6  cc.  0.0714  N  HCl. 

Calc.  for  CjHtOjNtl:  N,  12.29.    Found:  12.32. 
^  Ger.  pat  252136;  Tms  Journai^,  41,  819  (1919). 
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readily  in  methyl  alcohol  or  chloroform.  Hesse^  states  that  the  meth- 
iodide  crystallizes  with  one  molecule  of  alcohol  of  aystallization  and  mdts 
at  218°  when  dried. 

Subs.,  0.2086:  Agl,  0.1048. 

Cole,  for  CtiHitOtNtI:  I,  27.10.    Pound:  27.15. 

Hydroquinine  Methochloride. — ^The  salt  crystallizes  from  water  as 
balls  of  hair-like  needles  containing  2  molecules  of  water  of  crystallization, 
as  stated  by  Hesse.  When  rapidly  heated  to  155  ^  then  slowly,  the  an- 
hydrous methochloride  forms  a  paste  at  157-9 ^  and  on  further  heating 
finally  becomes  a  yellow  liquid  filled  with  bubbles  at  172-3**.  Hesse 
givesthe  melting  point  as  168**.  [ajo*^  in  water  is  — 162.9**,  c  =  1.470. 
The  anhydrous  salt  also  dissolves  very  easily  in  methyl  or  ethyl  alcohol, 
less  readily  in  dry  acetone. 

Subs,  (anhydrous),  0.2760:  AgCl,  0.1052. 

Calc.  for  CnHttCiNiCl:  CI,  9.41.    Found:  9.43. 

Hydroqtiinine  Benzyl  Chloride. — ^The  components  were  boiled  for 
about  15  hours  in  dry  acetone.  After  long  standing  the  acetone  was 
boiled  oflf  and  the  dark  residue  taken  up  in  dry  methyl  alcohol.  The 
chloride  aystallized  rapidly  on  adding  several  volumes  of  dry  eiher  and 
was  recrystallized  from  water,  separating  slowly  on  seeding  at  room  tem- 
perature as  a  crust  of  rhombs  and  prisms  containing  one  molecule  of  water 
of  crystallization.  An  additional  quantity  of  equal  purity  was  obtained 
by  adding  saturated  sodium  chloride  solution  to  the  aqueous  mother 
liquor,  letting  stand,  and  washing  the  crystals  with  cold  water.  The 
total  jrield  was  3  g.,  starting  with  3.6  g.  of  the  base.  When  rapidly  heated 
to  200°,  then  slowly,  the  anhydrous  chloride  melts  at  202-3.5®  to  a  dark 
red,  viscous  liquid  which  soon  decomposes,  [a^  in  water  is  — 196.9^ 
c  ^  0.787.  It  dissolves  readily  in  methyl  or  ethyl  alcohol  or  chloroform, 
less  easily  in  dry  acetone,  and  melts  under  hot  benzene,  dissolving  with 
difficulty.  The  air-dry  salt  dissolves  rather  sparingly  in  cold  water, 
quite  readily  on  boiling,  the  solution  having  a  weak,  bitter  taste.  A  not 
too  dilute  aqueous  solution  gives  immediate  precipitates  of  the  nitrate 
and  permanganate  with  the  appropriate  salts.  Solutions  in  dil.  sulfuric 
or  nitric  acid  have  a  marked  blue  fluorescence,  while  the  solution  in  diL 
hydrochloric  add  is  pale  yellow  and  does  not  fluoresce. 

Subs,  (air-dry),  0.7928:  loss,  0.0281  in  vacuo  at  loo*  over  HjSOi.  Subs.,  0.1238: 
7.10  cc.  N  (25.5*,  755  mm.).  Subs.,  0.1520:  (Kjeldahl,  with  H1SO4,  K1SO4,  and  crystal 
of  CUSO4)  8.8  cc.  0.0714  N  HCl.  Subs.,  0.1203  •  5i  cc.  AgNOi  solii.  (i  cc.  —  0.001794 
g.  CI). 

Calc.  for  Ci7H«OiNtCl.HtO:  HtO,  383;  N,  595;  CI,  753.  Found:  HfO,  354: 
N,  6.51,  5.79;  CI,  7.61. 

Hydroquinine   lodoacetamide. — Acetone   was   used   as   solvent  and 
after  several  hours  it  was  boiled  off  and  hot  water  added,  the  iodide  crys- 
»  Ann.,  341,  275  (1887). 
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tallizing  on  cooling  and  rubbing  as  prismatic  plates.  The  yield  was  almost 
quantitative.  Recrystallized  from  water  the  salt  forms  prismatic  needles 
containing  between  2.5  and  3  molecules  of  water  of  cr3rsta11ization.  The 
anhydrous  salt  gradually  softens  to  a  yellow  jelly  above  145°,  deepening 
in  color  as  the  temperature  is  raised,  and  becoming  entirely  fluid  at  about 
185°.  [a]i)'^  in  absolute  alcohol  is  — 121.5**,  c  =  0.976.  The  dried  salt 
also  softens  and  dissolves  readily  in  dry  methyl  or  ethyl  alcohol,  dry  ace- 
tone, or  dry  chloroform. 

Subs,  (air-dry),  0.6120:  loss,  0.0534  in  vacuo  at  100 ^- over  HtS04. 

Calc.  for  CtiHiiOtNtI.2.5HsO:  HsO,  S.ioi    Pound:  8.72. 

Subs,  (anhydrous),  0.2039:  Agl,  0.0933. 

Calc.  for  CttH««OsNtI:  I,  24.83.    Pound:  24.72. 

Hydroquinine  Chloroacetamide. — ^Instead  of  adding  sodium  chloride 
to  the  filtrate  from  the  silver  iodide  precipitate  the  solution  was  allowed 
to  stand  overnight,  filtered  from  a  small  amount  of  a  substance  crystalliz- 
ing in  silky  needles,  and  the  filtrate  concentrated  to  dryness  in  vacuo. 
The  residue  was  taken  up  in  absolute  alcohol,  concentrated  to  dr3aiess 
in  vacuo,  again  taken  up  in  absolute  alcohol,  filtered  from  a  slight  turbidity 
with  the  aid  of  bonebUtck,  and  concentrated  as  before,  giving  a  friable, 
white,  amorphous  residue  which  could  easily  be  removed  from  the  flask. 
The  dried  salt  turns  y^ow  and  softens  at  about  160-75®  ^^  ^  J^Y  which 
gradually  darkens  and  Uquefies  completely  with  gas  evolution  at  about 
195°.  [a]D  =  — 129.1®  in  water,  c  =  0.852.  The  product  is  very  easily 
soluble  in  acetone  or  chloroform  and  also  dissolves  readily  in  cold  water. 

Subs,  (anhydrous),  0.1356:    12.2  cc.  N  (27.5*,  758  mm.). 

Subs.,  0.145 1 :  6.92  oc.  AgNOi  soku  (i  cc.  =  0.001812  g.  CI). 

Calc.  for  CjsHioCWsCl:    N,  10.02;  CI,  8.45.    Found:  N,  10.19;  CI,  8.64. 

Hydroquinine  Chloroacet-methylamide,  c:soHs602Ns.ClCH2CONH- 
CBU. — ^This  salt  was  obtained  directly  from  chloroacet-methylamide^ 
in  boiling  dry  acetone.  As  the  product  could  neither  be  crystallized  nor 
converted  into  a  crystalline  bromide  or  hydrochloride  it  was  precipitated 
with  dry  ether,  dried  in  vacuo  at  room  temperature  over  sulfuric  add,  and 
pulverized.  The  salt  intumesces  at  1 10-20°,  gradually  melting  above  this 
to  a  glassy  mass  by  the  time  160°  is  reached,  and  forming  a  dark  brown 
liquid  at  about  200®.  It  dissolves  readily  in  methyl  or  ethyl  alcohol, 
acetone,  chloroform,  benzene,  or  water. 

Subs.,  0.1340:  10.4  cc.  N  (18.0°,  764  mm.). 

Subs.,  0.1165:  5.09  cc.  AgNOj  soln.  (i  cc.  =  0.001794  g.  CI). 

Cak.  for  CaHaOiNiCl:  N,  9.69;  CI,  8.17.     Found:  N,  9.16;  CI,  7-84. 

Hydroquinine  Chloroacet-ethylamide. — ^This  salt  was  prepared  in 
the  same  way,  using  chloroacet-ethylamide.*  On  adding  dry  ether  the 
gummy  material  crystallized  partially,  but  as  the  crystals  softened  to  a 

*  Tras  Journal,  41,  472  (i9i9)« 

*  /.  Biol,  Chem.,  ax,  149  (1915).  • 
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gtim  on  desiccation  or  air-drying,  and  as  an  attempt  at  reoystallization 
by  dissolving  in  dry  acetone  and  precipitating  with  dry  ether  proved  no 
better,  the  substance  was  left  in  the  crude  state  and  dried  in  vacuo  over 
sulfuric  add.  It  melted  to  a  yellowish  jelly  at  110-35**,  becoming  com- 
pletely fluid  at  about  160**.  In  solubility  it  resembles  the  methyl  com- 
pound. 

Subs.,  0.1680:.  13.7  cc.  N  (23.0°,  751  mm.).    Subs.,  0.1561:  AgCl,  0.0479. 

Calc.  for  CmHmOjNiCI:  N,  9.39;  CI,  7.92.     Found:  N,  930;  C,  7.59. 

Hydroquinine  Cbloroacet-dimethylamide,  CioHmO,Ni.C1CHjCON  - 
(CH3)2. — ^An  amorphous  salt  was  obtained  from  chloroacet-dimethyl- 
amide,^  melting  partially  and  intumesdng  at  130-40®,  becoming  trans- 
parent at  about  180**,  and  liquefying  completely  at  about  200®.  It  re- 
sembles the  monomethyl  and  -ethyl  derivatives  in  its  solubility  relation- 
ships. 

Subs.,  0.1362:  10.4  cc.  N  (19.5*.  765  mm.). 

Subs.,  0.1797:  7.68  cc.  AgNOt  soln.  (i  cc.  =  0.001794  g.  CI). 

Calc.  for  Cf4Ha40|NtCl:  N,  939;  CI,  792.    Found:  N.  8.97;  CI,  767. 

Hydroquinine  Chloroacet-diethylamide,  C2oHMOsN2.ClCHtCON- 
(CiHi)2. — 1.6  g.  of  chloroacet-diethylamide*  were  used.  On  adding 
ligroin  until  the  initial  turbidity  just  redissolved  the  chloride  crystallized 
on  standing  as  rosets  of  prismatic  needles,  precipitation  being  completed 
by  the  addition  of  more  Ugroin  and  letting  stand.  The  yield  was  3.5  g. 
On  dissolving  in  not  too  little  dry  chloroform  and  treating  cautiously  with 
ligroin,  seeding,  and  adding  more  Ugroin  from  time  to  time  the  salt  forms 
minute  prisms  containing  solvent  approximately  equivalent  to  one  mole- 
cule of  water  of  crystallization.  The  anhydrous  salt  darkens  somewhat 
above  205°  and  melts  and  decomposes  at  209-10®.  [aln'*  =  — 84.8** 
in  water,  c  =  0.854.  It  dissolves  readily  at  room  temperature  in  water, 
methyl  or  ethyl  alcohol,  or  chloroform,  sparingly  in  cold  acetone,  more 
easily  on  heating,  and  is  almost  insoluble  in  benzene.  It  has  a  sharp, 
bitter  taste. 

Subs,  (air-dry),  0.6028:   loss,  0.0182  in  vclcuo  at  80°  over  HsS04. 

Calc.  for  CjtHsgOjNsCLHiO:  HiO,  365.    Found:  3.02. 

Subs,  (anhydrous),  0.1226:  lo.o  cc.  N  (30.0°,  757  mm.).  Subs.,  0.1247:  5.15 
cc.  AgNOi  soln.  (i  cc.  =  0.00181  g.  CI). 

Calc.  for  CmHjbOjNsCI:  N,  8.84;  CI,  745.     Found:  N,  9.16;  CI,  7.48. 

Hydroquinine  Chloroacetyl-benzylaminei  CsqHmOiNs.CICHsCONH- 
CH2C6HB. — Starting  with  chloroacetyl-benzylamine'  in  dry  acetone  the 
salt  crystallized  from  the  reaction  mixture.  Recrystallized  from  butyl 
alcohol^  the  chloride  separates  as  deUcate,  glistening  needles.    The  an- 

>  /.  Biol.  Chem.,  ai,  148  (1915). 

^Ihid.,  ai,  149  (1915). 

»  Ibid.,  20,  686  (1915). 

*  We  have  found  commercial  butyl  alcohol  to  be  a  very  useful  solvent. 
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hydrous  salt  melts  at  197-8°  to  an  orange  liquid  containing  bubbles. 
[aJo  in  water  is  — ^42.5**,  c  =  6.670.  The  compound  dissolves  fairly 
readily  in  water,  easily  in  methyl  or  ethyl  alcohol,  or  chloroform.  A 
dilute  aqueous  solution  gives  a  precipitate  with  sodium  hydroxide. 

Subs.,  •.1409:  10.2  cc.  N  (23.0*,  744  mm.).  Subs.,  0.1697:  6.45  cc.  AgNOt  soln. 
(i  cc.  «  0.00181  g.  CI). 

Calc.  for  CjjHmOiNjCI:  N.  8.29;  CI  6.99.     Found:  N,  8.18;  CI.  6.88. 

Hydroquinine  Chloroacetanilide. — On  adding  hot  water  to  the  residue 
after  boiling  oflF  the  acetone  the  crude  product  separated  at  first  oily 
on  cooling  but  soon  crystallized  in  almost  quantitative  jrield.  Recrystal- 
lized  from  50%  alcohol  the  chloride  forms  rosets  of  delicate  needles  con- 
taining 3  molecules  of  water  of  oystallization.  When  anhydrous  it  softens 
to  an  orange  jelly  at  1 60-70  ^  liquefying  completely  at  about  210**  with 
darkening  and  slow  gas  evolution,  [ajo  =  — 95-9^  in  absolute  alcohol, 
c  =  0.824.  It  dissolves  readily  in  methyl  or  ethyl  alcohol,  acetone,  chloro- 
form, or  benzene,  and  only  sparingly  in  dry  ether.  The  hydrate  is  diffi- 
cultly soluble  in  cold  water,  more  readily  on  heating,  and  is  rather  sparingly 
soluble  in  cold  50%  alcohol.  It  dissolves  in  10%  aqueous  hytirochloric 
add,  the  hydrochloride  soon  separating  as  sheaves  of  minute  needles. 

Subs,  (air-dry),  0.5450:  loss,  0.0534  *»  vacuo  at  loo"  over  HtS04. 

Calc.  for  CtgHuOjNiCl.aHtO:  HjO,  9.83.    Found:  9.80. 

Subs,  (anhydrotis),  0.1469:    ii.o  cc.  N  (26.0°,  762  mm.).    Subs.,  0.1556:  AgCl, 

0.0443. 

Calc.  for  CjsHmOiNiCI:  N,  8.48;  CI.  7. 15.    Found:  N,  8.58;  CI,  7.05. 

Hydroquinine  Acetanilide  Dinitrate,  CsoH260tN2.0sNCH3CONHC<Hft.- 
HNOs. — One  g.  of  hydroquinine  chloroacetanilide  was  dissolved  in  about 
100  cc.  of  boiling  water,  and  a  few  drops  of  dil.  nitric  add  added  on  cooling. 
The  solution  was  chilled,  acidified  strongly  with  dil.  nitric  add  and  rubbed, 
0.6  g.  of  the  dinitrate  separating  as  long,  delicate  needles.  The  salt  was 
washed  with  a  Uttle  ice-cold  water  and  air-dried,  containing  then  approxi- 
matdy  2  molecules  of  water  of  crystallization.  When  heated  the  anhy- 
drous salt  mdts  to  a  jelly  at  about  145-50®  with  sUght  preliminary  soften- 
ing, then  darkens  and  intumesces.  It  softens  under  the  usual  anhydrous 
solvents,  dissolving  readily  in  dry  methyl  or  ethyl  alcohol  or  dry  acetone, 
sparingly  in  dry  chloroform,  even  on  boiling,  and  is  practically  insoluble 
in  boiling  benzene.  The  hydrate  dissolves  very  sparingly  in  cold  water, 
fairly  readily  on  boiling,  with  a  faint  greenish  yellow  color. 

Subs,  (air-dry),  0.5877 :    loss,  0.0317  in  vacuo  at  room  temp,  over  HtSOi  -f  NaOH. 

Calc.  for  C„Hm0iN,.N0,.HN0s.2H,0:  H,0,  580.    Found:  539. 

Subs,  (anhydrous),  0.1265:    13.4  cc.  N  (23.0",  755  mm.). 

Cak.  for  CmH|40|N|.N0|.HN0»:  N,  11.97.    Found:  12.14. 

Hydroquinine  m-Nitro-chloroacetanilide. — ^The  gdatinous  reaction 
mixture  was  disintegrated  with  hot  water  and  let  stand.  The  resulting 
predpitate,  recrystallized  first  from  25%,  then  from  50%  alcohol,  separate 
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as  pale  drab-colored,  minute  needles  which  contained  approximately  2 
molecules  of  water  of  crystallization.  When  slowly  heated,  the  anhydrous 
salt  b^puis  to  soften  at  150^,  gradually  melting  to  a  brownish  jdly  up  to 
160**,  and  liquefying  completely  and  decomposing  at  195-200®.  It 
softens  under  and  dissolves  readily  with  a  pale  yellow  color  in  dry  methyl 
or  ethyl  alcohol,  dry  acetone,  dry  chloroform,  or  ethyl  acetate,  dissolving 
sparingly  in  cold  benzene  and  readily  on  boiling.  The  hydrate  is  quite 
difficultly  soluble  in  cold  water,  more  easily  on  boiling.  An  aqueous  sus- 
pension turns  bright  yellow  and  flocculates  with  a  few  drops  of  aqueous 
sodium  hydroxide. 

Subs,  (air-dry),  0.5443:  loss,  0.0374  »»  vacuo  at  loo*  over  HtS04. 
Calc.  for  CttHisOiN4C1.2HsO:  HiO,  6.25.    Found:  6.87. 

Subs,  (anhydrous),  0.1279:  12.0  cc.  N  (24.0®,  759  mm.).  Subs.,  0.1175:  4.05  cc 
AgNOs  soln.  (i  cc.  «  0.001794  g.  CI). 

Calc.  for  CisHttOiNiCl:  N,  10.36;  CI,  6.56.    Found:  N,  10.77;  CI,  6.19. 

Hydroquinine  m-Chloroacetylamino-acetanilide,  C^HmOsNs.C1CH2- 
CONHCeHiNHCOCHsCm-).— Starting  with  w-chloroacetylamino-acet- 
anilide,^  a  gummy  quaternary  salt  separated,  from  which  the  acetone  was 
eventually  poured  off  and  the  residue  boiled  with  dry  methyl  ethyl  ketone. 
The  gum  which  separated  on  cooling  was  filtered  off  and  on  letting  stand 
and  rubbing  the  chloride  separated  from  the  filtrate  as  practically  colorless, 
radiating  masses  of  minute  crystals.  A  further  quantity  was  obtained  by 
again  extracting  the  crude  gummy  material  with  the  filtrate.  The  air- 
dry  salt  contained  solvent  of  crystallization  corresponding  to  3  to  3.5 
molecules  of  water.  When  heated  the  anhydrous  salt  gradually  melts  to 
an  orange  mass  above  150®,  with  slow  gas  evolution,  becoming  completely 
fluid  at  about  205-10**.  It  first  softens  under,  and  then  dissolves  freely 
in  dry  methyl  or  ethyl  alcohol,  also  dissolves  readily  in  chloroform,  and  is 
very  diflBcultly  soluble  in  boiling  dry  acetone,  benzene,  or  ethyl  acetate. 

Subs,  (air-dry),  0.4457 :  loss,  0.0432  in  vactw  at  8o*  over  HjS04. 

Calc.  for  Ci»Hi704N4C1.3H,0:  HA  891.    Found:  9.69. 

Subs,  (anhydrous),  0.1309:  11.25  cc*  N  (2I.5^  755  mm.).  Subs.,  0.1412:  4.92 
cc.  AgNOi  s<^.  (i  cc.  =  0.001794  g.  Ci). 

Calc.  for  CioH,704N4Cl:  N,  10.13;  CI,  6.41.    Found:  N,  9.90;  CI,  6.25. 

Hydroquinine  ^-Chloroacetylamino-acetanilide. — In  the  case  of  the 
sparingly  soluble  p-chloroacetylamino-acetanilide^  absolute  alcohol  was 
used  as  solvent.  After  letting  stand  in  the  cold  the  insoluble  material 
was  filtered  off,  and  the  filtrate  concentrated  to  small  bulk.  The  residue 
was  taken  up  in  boiling  water,  treated  with  boneblack  and  the  filtrate 
cooled,  diluting  so  that  it  became  only  faintly  turbid  at  room  tempera- 
ture. After  filtering  again  the  solution  was  seeded  with  crystals  obtained 
by  adding  sodium  chloride  to  a  test  portion.    The  crude  quaternary  salt 

*  Tras  JouRNAi,,  39,  1448  (1917). 

•  Ibid.,  39i  145$  (1917)- 
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was  reoystallized  from  water,  separating  as  rosets  and  sheaves  of  delicate, 
silky  needles.  Additional  amounts  were  obtained  by  adding  sodium 
chloride  to  the  mother  liquors.  The  air-dry  salt  contains  3  molecules  of 
water  of  crystallization  and  dissolves  sparingly  in  cold  water,  more  easily 
on  heating.  The  anhydrous  chloride  begins  to  soften  at  about  160** 
and  darkens  and  becomes  completely  fluid,  with  slow  gas  evolution,  at 
about  205®.  It  dissolves  readily  in  methyl  or  ethyl  alcohol,  acetcme,  or 
chloroform,  and  only  sparingly  in  boiling  benzene  or  ethyl  acetate.  Anal- 
ysis indicated  that  the  sut^tanoe  was  not  entirely  pure. 

Subs,  (air-dry),  0.5336:  loss,  0.0477  in  vacuo  at  room  temp,  over  HtSO^. 

Calc.  for  CMHS7O4N4CL3HSO:  HsO,  8.91.    Foimd:  8.94. 

Subs,  (anhydrous),  0.1403:  12.0  cc.  N  (22.o^  751  mm.).  Subs.,  0.1260:  4.0  cc. 
AgNOi  soln.  (i  cc  *  0.001794  g.  CI). 

"Calc.  for  C«oHi704N4Cl:  N,  10.13;  CI,  6.41.    Found:  N,  9.79;  CI,  5.70. 

Hydroquinine  /^-Chloroacetylamino-dimethylaniline,  *  C^Ha602N2.Ci- 
CH2CONHC6H4N(CH3)2G'-).— After  boiling  off  the  acetone  the  residue, 
using  3.5  g.  of  base,  was  taken  up  in  about  500  cc.  of  boiling  water  and 
treated  with  boneblack,  yielding  4.3  g.  of  the  crystalline  salt  on  cooling. 
RecrystaHized  from  50%  alcohol  it  separates  as  aggregates  of  minute, 
cream-colored  needles  containing  2.5  molecules  of  water  of  aystallization 
and  dissolving  very  diflBcultly  in  cold  water,  quite  easily  on  boiling.  An 
aqueous  suspension  gives  a  brownish  rose  color  with  ferric  chloride.  The 
anhydrous  salt  gradually  melts  to  a  jelly  at  about  165  ^,  becoming  completely 
fluid,  with  partial  decomposition  at  about  200®.  [«]{)  ^  =  — 82.9** 
in  absolute  alcohol,  c  »  1.037.  It  softens  under  and  dissolves  freely  in 
dry  methyl  or  ethyl  alcohol,  dry  acetone,  or  dry  chloroform. 

Subs,  (air-dry),  0.5172:  loss,  0.0407  in  vacuo  first  at  room  temp.,  then  So* 
over  H1SO4. 

Calc.  for  CioHnOiN4C1.25HfO:  HjO,  7.72.    Found:  7.87. 

Subs,  (anhydrous),  0.1185:  10.4  cc.  N  (20.5*,  763  mm.).  Subs.,  0.1196:  4.2  cc. 
AgNOi  soln.  (i  cc.  «  0.001794  g.  CI). 

Calc.  for  CsoHt»OtN4Cl:  N,  10.39;  CI,  6.58.    Found:  N,  10.25;  CI,  6.30. 

Hydroquinine  /T-Chloroacetylamino^diefliylaniline. — In  the  case  of 
p-chloroacetylaniino-dieth3daniline^  the  reaction  mixture  was  diluted  with 
dry  acetone  and  the  salt  precipitated  as  amorphous  flocks  with  the  aid  of 
dry  ether.  The  product  was  filtered  off,  washed  with  a  little  dry  ether, 
dried,  and  then  dissolved  in  hot  ethyl  acetate  and  seeded  while  still  warm 
with  a  few  of  the  crystals  left  in  the  reaction  flask  on  evaporation  of  the 
solvent.  On  letting  stand  in  a  warm  place  the  salt  separated  slowly  as 
sheaves  of  deUcate  needles.  The  air  dry  product  still  possessed  the  odor 
of  ethyl  acetate.  The  anhydrous  salt  begins  to  scrften  at  about  150^, 
and  when  slowly  heated  above  this  point  forms  a  transparent  jelly  at 
165-70^  and  a  red  fluid  at  190-5  ^  with  slight  gas  evoluticm.  [a]^  = 
'  /.  Biol.  Chem.,  ai,  115  (1915)- 
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— ^80.5^  in  absolute  alcohol,  c  »  1.118.  It  dissolves  readily  in  methyl 
or  ethyl  alcohol,  acetone,  chloroform,  or  benzene,  and  also  in  bcMling  ethyl 
acetate,  although  sparingly  in  the  cold.  It  is  very  difficultly  soluble  in 
cold  water,  more  easily  on  boiling.  An  aqueous  suspensicm  gives  a  slowly- 
developing  salmon  color  with  ferric  chloride. 

Subs,  (anhydrous),  0.1277:  ii.o  cc.  N  (20.5®,  757  mm.).     Subs.,  0.1034:  3.64 
cc.  AgNOt  soln.  (i  oc.  =  0.001794  g.  CI). 

Calc.  fcM:  CttH4iOtN4Cl:  N,  9.89;  CI,  6.26.    Found:  N,  9.99;  CI,  6.32. 

Hydroquinine  o-Chloroacetylamino-*phenoL — ^To  the  reaction  mixture 
from  {?-chloroacetylaniino-phenol,^  a  few  cc.  of  absolute  alcohol  were  added 
and  then  dry  ether  and  ligroin  to  incipient  turbidity.  The  quaternary 
salt  crystallized  on  rubbing  and  letting  stand.  RecrystaUized  by  dissolving 
in  hot  absolute  alcohol  and  adding  dry  ether  until  just  tiu-bid,  it  separated 
on  seeding  as  rosets  of  long,  flat  platelets  containing  solvent  equivalent 
to  1.5  molecules  of  water  of  crystallization.  It  dissolves  sparingly  in  odd 
water,  more  freely  on  heating,  separating  as  a  jelly  on  cooling.  The 
anhydrous  salt  gradually  melts  to  a  jelly  above  155^,  finally  reddens,  and 
becomes  completely  fluid  and  evolves  gas  at  185  **.  It  dissolves  very  easily 
in  dry  methyl  alcohol  and  less  readily  in  absolute  alcohol  or  dry  acetone. 
An  alkaline  suspension  couples  with  diazotized  sulfanilic  add. 

Subs,  (air-dry),  0.5750:  loss,  0.0308  in  vacuo  at  100®  over  H1SO4. 
Calc.  for  CMHMO4N1CL1.5H1O:  HA  501.    Found:  5.36. 

Subs,  (anhydrous),  0.1449:  10.35  cc-  N  (20.5*,  758  mm.).     Subs.,  0.1539:  AgCI, 
0.0469. 

Calc.  for  C18HMO4N1CI:  N,  8.21 ;  CI,  6.93.    Found:  N,  8.29;  CI,  7.54. 

Hydroquinine  m-Chloroacetylamino-phenol. — Starting  with  1.9  g. 
of  w-chloroacetylamino-phenol*  4.5  g.  of  the  salt  crystallized  from  the 
reaction  mixture  as  hard  nodules.  RecrystaUized  from  not  too  little 
50%  alcohol,  seeding  and  rubbing  while  still  warm,  the  chloride  separates 
as  cream-colored  aggregates  of  microscopic  leaflets  containing  3  molecules 
of  water  of  crystallization.  If  care  is  not  taken  the  solution  gelatinizes. 
The  anhydrous  salt  softens  and  sinters  above  160^,  melts  to  a  reddish  jdly 
at  about  180-5®,  and  is  completely  fluid,  with  slow  gas  evolution,  at  about 
205 ^  [a]D  ==  — 115-7*^  ill  absolute  alcohol,  c  =  0.800.  It  first  softens 
under,  then  resolidifies,  dissolving  freely,  in  absolute  alcohol  or  dry  tnethyl 
alcohol,  also  softening  under  boiling  dry  acetone  and  dissolving  with  diffi- 
culty. The  salt  is  very  difficultly  soluble  in  odd  water,  more  easily  on 
boiling,  and  is  readily  soluble  in  hot  50%  alcohd,  quite  sparingly  in  the 
cold. 

Subs,  (air-dry),  0.5070:  loss,  0.0489  in  vacuo  at  80 *  over  HtS04. 

Calc.  for  CMHt404NsC1.3HtO:  HiO.  9.56,    Fgund;  9^4, 

*  Tras  JouRNAi.,  41, 458  (1919), 

•  Ibid.,  39,  1442  (1917). 
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Subs,  (anhydrous),  0.1262:  9.55  cc.  N  (26.0*,  754  mm.).     Subs.,  0.1535:  AgCl, 
0.0409. 

Calc.  for  CjgHM04NiCl:  N,  8.21;  CI,  6.93.    Found:  N,  8.57;  CI,  6.59. 

The  Hydrochloride. — ^The  purified  salt  was  rubbed  in  a  mortar  with 
I  :  I  hydrochloric  add,  3delding  a  pasty  mass  which  eventually  crys- 
tallized. Recrystallized  from  hot  water  containing  a  little  hydrochloric 
add  it  separates  on  cooling  and  seeding  as  cream-colored  prismatic  needles 
and  short  rods,  separation  being  completed  by  further  small  additions  of 
10  %  hydrochloric  add.  The  hydrochloride  contains  4.5  molecules  of 
water  of  cr3rstallization  and  dissolves  fairly  readily  in  water.  The  anhy- 
drous salt  is  a  pale  sulfur-yeBow  and  forms  an  orange  jelly  at  195-7^ 
mdting  and  evolving  gas  at  about  200®.  It  dissolves  readily  in  methyl 
or  ethyl  alcohol  and  is  practically  insoluble  in  dry  acetone.  It  does  not 
dissolve  in  excess  dil.  alDkali,  the  suspension  coupling  with  diazotized  sul- 
fanilic  add. 

Subs,  (air-dry),  0.5030:   loss,  0.0650. 

Calc.  for  CMHM04NtCl.HC1.4.5H,0:  HjO,  12.88.    Found:  12.92. 

Subs,  (anhydrous),  0.1654:  AgCl,  0.0860. 

Calc.  for  CnHi404NtCl.HCl:  CI,  12.93.    Found:  12.86. 

Hydroquinine  /^-Chloroacetylamino-phenol  Hydrochloride. — In  the 
case  of  />-diloroacetylamino-phenoP  a  portion  of  the  quaternary  addition 
product  separated  as  a  gum,  followed  on  standing  by  radiating  masses  of 
fibrous  needles  and  the  ultimate  crystallization  of  the  gum.  As  the  salt 
could  not  be  recrystallized  it  was  converted  into  the  hydrochloride  by 
dissolving  in  a  slight  excess  of  very  dilute  hydrochloric  add,  adding  the 
cone,  add,  with  cooling,  until  slightly  turbid,  treating  with  boneblack, 
and  again  adding  cone,  hydrochloric  add  to  the  filtrate  tmtil  the  initial 
turbidity  just  redissolved.  The  hydrochloride  separated  on  seeding 
with  crystals  obtained  from  a  test  portion,  predpitation  being  completed 
by  the  further  careful  addition  of  cone,  hydrochloric  add.  Reaystallized 
from  warm  water,  adding  cone,  hydrochloric  add  to  the  cooled  solution 
until  just  turbid,  the  hydrochloride  crystallized  as  cream-colored  rosets  of 
prismatic  needles  containing  4.5  molecules  of  water  of  crystallization, 
completing  the  separation  as  before.  The  yidd  was  7.2  g.  The  salt 
dissolves  fairly  readily  in  water  at  room  temperature  and  is  readily 
salted  out  by  the  addition  of  hydrochloric  add.  An  aqueous  solution 
gives  a  dull,  grayish  color  with  ferric  chloride.  The  anhydrous  salt  is 
darker  than  the  hydrate  and  when  rapidly  heated  to  195**  then  slowly, 
mdts  at  196-7**  to  a  red-brown  jelly  which  soon  evolves  gas.  It  tiuns 
gummy  under  dry  methyl  or  ethyl  alcohol,  dissolving  readily,  and  also 
softens  under  dry  chloroform  but  remains  insoluble.  It  is  also  practically 
insoluble  in  dry  acetone. 
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Subs,  (air-dry),  0.4937:  loss,  0.0632. 

Calc.  for  CigHMO«N|Cl.HC1.4.5HiO:  H,0,  12.88.    Pound:  12.80. 
Subs,  (anhydrous),  0.1414:   9.4  cc.  N  (24.5*,  759  mm.).    Subs.,  0.1744:  AjQ, 
0.0907. 

Calc.  for  CftHi404N|Cl.HCl:  N,  7.67;  CI,  12.93.    Found:  N,  7.62;  CI,  i«.86. 

Hydroquinine      4-Chloroacetylamino-pyrocatechol      Hydrochloride, 

C4oH«j02N2.ClCHjCONHC«H,(OH),.HCl(3,4-).— After  pouring  oflf  the 
acetone  from  the  gummy  precipitate  in  the  case  of  4-chloroacetylamino- 
pyrocatechoP  10%  aqueous  hydrochloric  add  was  added,  as  well  as  a 
little  alcohol  to  facilitate  solution.  On  cautiously  adding  further  portions 
of  hydrochloric  add  and  treating  with  bonebladc  to  remove  the  first 
gummy  predpitates  a  dear,  red-brown  solution  was  finally  obtained.  This 
was  seeded  with  oystals  obtained  by  rubbing  a  portion  of  the  crude  gummy 
salt  with  I  :  i  hydrochloric  add  and  letting  stand.  The  hydrochloride 
separated  in  poor  yidd  as  pale  yellow  needles  containing  4.5  molecules  of 
water  of  crystallization,  predpitation  being  completed  by  finally  adding 
more  add.  The  salt  dissolves  in  water,  the  solution  giving  an  oUve-green 
color  with  ferric  chloride,  changing  rapidly  to  yellow-brown.  An  aqueous 
solution  gave  a  predpitate  with  sodium  hydroxide,  insoluble  in  excess. 
When  rapidly  heated  to  195^,  then  sloindy,  the  anhydrous  hydrochloride 
mdts  to  a  jelly  at  196-8^,  gradually  decomposing  as  the  temperature  is 
further  raised.  It  dissolves  readily  in  methyl  alcohol,  more  slowly  in 
absolute  alcohol,  and  is  practically  insoluble  in  dry  acetone  or  dry  dilorb- 
form. 

Subs,  (air-dry),  0.4249:   loss,  0.0530. 

Calc.  for  Ci8Hs40|Nia.Ha.4.5HsO:  HjO,  12.57.    Found:  12.48. 
Subs,  (anhydrous),  0.1176:   7.4  cc  N  (21.5*,  767  mm.).    Subs.,  0.1758:  AgO, 
0.0877. 

Calc.  fcM:  CiiHMOiNtCl.HCl:  N,  745;  CI,  12.57.    Found:  N,  7.36;  Q,  12.34. 

Hydroquinine  Chloroacetyl-o-anisidine. — Starting  with  4  g.  of  chloro- 
acetyl-o-anisidine,*  7  g.  of  the  crude  quaternary  salt  were  finally  d^iosited 
from  the  ice-cold  solution  on  seeding  with  oystal^  obtained  by  spontaneous 
evaporation.  The  substance  was  recrystallized  from  butyl  alcohol,  letting 
stand  in  the  ice  box,  and  seeding,  6.4  g.  separating  as  radiating,  hair- 
like needles.  The  anhydrous  compound  gradually  sinters  and  softens  to 
a  jelly  above  iio^  turns  yellow  above  150^  and  is  completdy  fluid  at 
about  185°.  [all?  =  — 72.5^  in  absolute  alcohol,  c  =  0.904.  It  softens 
under  and  dissolves  readily  in  dry  methyl  or  ethyl  alcohol,  dry  chloroform, 
or  dry  acetone,  dissolves  less  readily  in  benzene,  and  gives  a  pale  yellow 
color  in  cone,  sulftuic  add.  The  air-dry  salt  dissolves  slowly  but  fredy 
in  water. 

*  Tras  JouRNAi.,  41,  468  (1919)- 
*/Wd.,  41,  1451  (1919). 
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Subs,  (anhydrous),  0.1268:  9.2  cc.  N  (29.5 ^  755  mm.).  Subs.,  0.1337:  5.07 
cc.  AgNOi  soln.  (i  cc.  =  0.0018 1  g.  CI). 

Calc.  for  CnHje04NtCl:  N,  799;  CI,  6.75.    Found:  N,  8.14;  CI,  6.87. 

Hydroquinine  Chloroacetyl-w-anisidine. — (From  2  g.  of  chloroacetyl- 
m-anisidine.O  The  solvent  was  boiled  off  and  the  residue  taken  up  in 
50%  alcohol  and  cautiously  diluted  with  hot  water,  filtering  oflE  the  slight 
turbidity  which  first  formed.  On  seeding  the  solution  with  crystals  ob- 
tained by  several  days'  standing  of  a  dilute  solution  of  the  crude  material 
in  hot  water,  the  salt  gradually  crystallized,  especially  on  the  fiuther  addi- 
tion of  small  quantities  of  water  and  occasional  warming.  Recrystallized 
by  dissolving  in  alcohol,  diluting  with  ether,  and  seeding,  the  quaternary 
salt  separates  as  radiating  aggregates  of  delicate  needles  containing  solvent 
equivalent  to  3  molecules  of  water  of  crystallization  when  air-dry.  The 
anhydrous  salt  gradually  sinters  and  softens  above  140^  and  forms  an 
orange  fluid  at  about  190^  [a]^D  =  — 102.9°  in  absolute  alcohol,  c  = 
1.292.  It  melts  under  and  dissolves  readily  in  the  following  dry  solvents: 
methyl  or  ethyl  alcohol,  chloroform,  acetone,  or  benzene;  and  dissolves 
partly  in  cold  water,  the  solution  foaming  readily  and  soon  setting  to  a 
jelly.    It  is  readily  soluble  in  boiling  water.  , 

Subs,  (air-dry),  0.7289:   loss,  0.0715  in  vacuo  at  80®  over  HaS04. 

Calc.  for  Ci»Hj«04NiC1.3HjO:  HjO,  9.32.    Found:  9.81. 

Subs,  (anhydrous),  0.1489:  10.5  cc.  N  (25.5 ^  760  mm.).  Subs.,  0.1085:  3.9  cc. 
AgNOi  soln.  (i  cc.  =  0.001794  g.  CI). 

Calc.  for  C2fHj604NtCl:  N.  7.99;  CI,  6.75.    Found:  N,  8.07;  CI,  6.45. 

The  Hydrochloride. — 3.5  g.  of  the  quaternary  salt  were  dissolved  in 
absolute  alcohol  containing  an  excess  of  dry  hydrochloric  acid  and  treated 
with  dry  ether  imtil  a  faint  turbidity  persisted.  On  rubbing  and  letting 
stand  3.2  g.  of  the  hydrochloride  separated  slowly  as  pale  yellow,  radiating 
aggregates  of  rhombic  oystals.  When  rapidly  heated  to  165  ®,  then  slowly, 
the  salt  begins  to  soften,  and  melts  at  170-1  ®  with  gas  evolution.  It  dis- 
solves readily  in  methyl  alcohol  or  chloroform,  less  easily  in  absolute  al- 
cohol, and  only  sparingly  in  hot,  dry  acetone,  the  insoluble  portion  chang- 
ing to  a  gummy  mass.  As  obtained  above  the  hydrochloride  apparently 
retains  2  molecules  of  water  of  crystallization.  An  attempt  to  drive  this 
off  at  80°  in  vacuo,  resulted  in  the  loss  of  hydrochloric  acid. 

Subs.,  0.1487:  9.0  cc.  N  (22.5 •,  765  mm.).  Subs.,  0.1201:  7.92  cc.  AgNOi  soln. 
(1  cc.  «  0.001794  g.  CI). 

Calc.  for  C,9Hw04N,a.HC1.2H,0:  N,  703;  CI,  11.85.  Found:  N,  7.05;  CI, 
11.83. 

Hydroquiiune  Chloroacetyl-^anisidine. — After  boiling  off  the  acetone 
the  residue  was  taken  up  in  hot  commercial  butyl  alcohol.  The  filtrate 
deposited  radiating  masses  of  delicate  needles  and  the  separation  was 
completed  by  the  cautious  additon  of  dry  ether.    The  salt  was  recrystal- 

»  This  Journal,  41,  1452  (1919)' 
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lized  by  dissolving  in  dry  acetone,  adding  ligroin  until  the  initial  turbidity 
just  dissolved,  and  seeding.  When  air-dry  it  retained  an  amount  of  sol- 
vent equivalent  to  between  i  and  1.5  molecules  of  water  of  crystallizatiofi. 
The  anhydrous  salt  gradually  softens  to  a  jelly  above  150**  and  is  completely 
fluid  at  about  190**.  [a]^  =  — 93-9**  in  absolute  alcohol,  c  =  1.128. 
The  salt  dissolves  very  readily  in  methyl  or  ethyl  alcohol  or  chlorofann, 
somewhat  less  easily  in  dry  acetone,  and  very  sparingly  in  dry  ether.  It  is 
difficultly  soluble  in  cold  water  or  benzene,  readily  on  boiling,  and  separates 
from  the  former  as  a  jelly  on  cooling.  It  dissolves  in  cone,  sulfuric  acid 
with  a  dull  yellow  color. 

Subs,  (anhydrous),  0.1424:  lo.o  cc.  N  (18.5 ^  745  mm.).  Subs.,  0.1461:  5.20 
cc.  AgNOt  soln.  (i  cc.  =  0.00181  g.  CI). 

Calc.  for  CjtHsg04N,Cl:  N,  7.99;  CI,  6.75.    Found:  N,  8.06;  CI.  6.45. 

The  Hydrochloride. — ^The  quaternary  salt  was  dissolved  in  a  small 
volume  of  absolute  alcohol,  treated  with  absolute  alcoholic  hydrochloric 
add,  and  seeded  with  crystals  obtained  by  manipulating  a  test  portion 
with  dry  ether.  The  hydrochloride  separated  rapidly  on  rubbing  as  thick, 
yellow,  hexagonal,  microscopic  plates.  When  rapidly  heated  to  180**, 
then  slowly,  the  substance  melts  at  180-4°  to  an  orange  mass  containing 
bubbles  and  becomes  completely  fluid  and  decomposes  at  about  190®. 
It  is  rather  sparingly  soluble  in  the  cold  in  absolute  alcohol,  easily  on  warm- 
ing,  and  dissolves  readily  in  dry  methyl  alcohol.  The  aqueous  solution 
foams  readily. 

Subs.,  0.105 1 :  7.40  cc.  AgNOs  sdn.  (i  cc.  =  0.001794  g.  CI). 
Calc.  for  C«Hsg04NiCl.HCl:  CI,  12.61.    Found:  12.64. 

Hydroquinine  Chloroacetyl-o-phenetidine,  C9oH260sNs.ClCHsCONH- 
CtlUOCttUio-). — In  the  case  of  chloroacetyl-o-phenetidine^  the  acetone 
was  boiled  off  and  the  residue  taken  up  in  boiling  water  and  treated  with 
boneblack.  As  the  salt  separated  from  the  filtrate  as  an  oil  on  rapid  chilling 
it  was  necessary  to  cool  slowly  and  seed  with  crystals  obtained  by  adding 
sodium  chloride  to  a  diluted  test  portion.  Reoystallized  from  water  it 
separates  very  slowly  on  seeding  as  rosets  and  sheaves  of  delicate  needles 
containing  2.5  molecules  of  water  of  crystallization.  Additional  quan- 
tities were  recovered  by  treating  the  mother  Uquors  carefully  with  saturated 
salt  solution.  The  anhydrous  salt  softens  above  125  ^,  forms  a  transparent 
jelly  at  about  140®  and  a  yellow  fluid  at  170-2°.  It  dissolves  readily  in 
methyl  or  ethyl  alcohol,  chloroform,  or  acetone,  and  only  very  sparingly 
in  dry  ether. 

Subs,  (air-dry),  0.7096:    loss,  0.0573  «»  vacuo  at  room  temp,  over  HtSOi. 
Calc.  for  CtoHM04N|C1.2.5HiO:  HjO.  7.70.    Found:  8.08. 
Subs,  (anhydrous),  0.1531:    ii.o  cc.  N  (23.$^,  744  mm.).    Subs., 0.1317:4.45  cc 
AgNOt  soln.  (i  cc.  =  0.001794  g.  CI). 

Calc.  for  CtoH,804NiCl:  N,  7.79;  CI,  6.57.     Found:  N.  8.10;  CI,  6.07. 
»  This  Journai<,  41,  1452  (1919). 
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Hydroquinine  Chloroacetyl-m-phenetidine  Hydrochloride. — (From  2.2 
g.  of  chloroacetyl-m-phenetidine.  0  As  the  quaternary  salt  itself  could 
not  be  obtained  oystalline  the  acetone  was  boiled  off  and  the  residue  taken 
lip  in  absolute  alcohol  and  treated  with  an  excess  of  absolute  alcoholic  hy- 
drochloric add.  The  salt  crystallized  after  adding  dry  ether  to  incipient 
turbidity  and  rubbing.  The  supernatant  solution  was  then  decanted  off 
and  the  precipitate  washed  twice  by  decantation  with  dry  alcohol-ether 
mixture  containing  a  little  hydrochloric  add.  After  dissolving  the  residue 
in  boiling  absolute  alcohol,  filtering  hot  from  traces  of  imptirities.  and  adding 
a  little  absolute  alcoholic  hydrochloric  add,  the  salt  separated  when 
seeded  as  lemon-yellow,  rhombic  crystals,  which  are  hygroscopic  when 
moist.  4.2  g.  were  obtained,  mdting  at  173-4^  with  prehminary  sintering 
and  softening.  As  so  obtained  the  hydrochloride  apparently  retained 
2  molecules  of  water  of  crystallization  or  one  molecule  of  alcohol.  It  dis- 
solves readily  in  water,  a  concentrated  solution  soon  setting  to  a  jelly. 
It  also  dissolves  readily  in  chloroform  and  lightens  in  color  and  turns  pasty 
under  boiling  dry  acetone,  possibly  owing  to  dehydration.  It  dissolves 
sparingly  in  cold  absolute  alcohol,  more  easily  on  warming. 

Subs.,  0.1428:  8.3  cc.  N  (22.0*,  773  mm.)-  Subs.,  0.1261:  8.15  cc  AgNOi  soln. 
(i  cc.  —  0.001794  g.  CI). 

Calc.  for  CioH,«04N,Cl.Ha.2H|0:  N,  6.87;  CI,  11.58.  Found:  N,  6.85;  CI, 
IX. 60. 

Hydroquinine  Chloroacetyl-/>-phenetidine. — After  removing  the  ace- 
tone the  residue  was  taken  up  in  boiling  water,  treated  with  boneblack, 
and  the  filtrate  seeded  with  aystals  obtained  by  slow,  spontaneous  evapora- 
tion of  a  test  portion  of  the  original  solution.  The  salt  was  recrystallized 
from  water,  forming  sheaves  of  delicate  needles  containing  2.5  molecules 
of  water  of  oystallization,  dissolving  with  difficulty  in  water,  and  giving 
1«]d*^  =  — 89.1**  in  95%  alcohol,  c  =  1.033.  The  anhydrous  salt  softens 
slightly  above  1 10**,  sinters  to  a  jelly  at  150-60®,  turns  yellow,  slowly  evolve 
gas,  and  becomes  more  fluid  as  the  temperattu-e  is  further  raised,  and  is 
completdy  molten  at  210®.  It  is  very  easily  soluble  in  absolute  alcohol, 
acetone,  diloroform,  or  benzene,  and  only  difficultly  in  dry  ether.  It 
gives  a  straw-yellow  solution  in  cone,  sulfuric  add. 

Subs,  (air-dry),  0.4068:   loss,  0.0297  in  vacuo  at  80®  over  HtS04. 
Calc.  for  CioHts04NiC1.2.5H20:  HiO,  7.70.     Found:  7.30. 

Subs,  (anhydrous),  0.1229:  8.85  cc.  N  (29.5®,  759  mm.).  Subs.,  0.1507:  5.62  cc. 
AgNOt  soln.  (i  cc.  =  0.00181  g.  CI). 

Calc.  for  CioHi$04NiCl:  N,  7.79;  CI,  6.57.    Found:  N,  8.1 1;  CI,  6.75. 

Hydroquinine  4-Chloroacetylamino-guaiacoli  CsoHm02N2.4,5-HO- 
(CH|0)C«H8NHC0CH2C1.— In  the  case  of  4-chloroacetylamino-guaiacol2 
the  acetone  was  poured  off  from  the  gummy  product  and  this  taken  up 

>  Tms  JouRNAi,,  41,  1452  (1919). 

« Ibid,,  41,  1457  (1919). 
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in  a  rdativdy  large  volume  of  boiling  water  and  treated  with  bone  black. 
The  practically  colorless  filtrate  gradually  darkened  cm  standing,  depositing 
the  salt  at  the  same  time  from  the  still  warm  solution  as  delicate,  felted, 
almost  colorless  needles  containing  2  molecules  of  water  of  crystallization. 
It  is  very  diflSctdtly  soluble  in  cold  water,  fairly  readily  on  boiling,  and, 
judging  by  the  low  halogen  figtu-e  obtained  on  analysis,  appears  to  be  some- 
what hydrol)rzed  by  this  method  of  oystallization.  An  aqueous  suspen- 
sion gives  a  slowly  developing  orange  color  with  ferric  chloride.  The 
anhydrous  salt  forms  a  brown  jelly  above  160**,  becomes  semifluid  at 
about  190®,  and  is  completely  fluid  and  partially  decomposed  at  215**. 
It  dissolves  readily  in  methyl  or  ethyl  alcohol  or  chloroform,  and  is  diffi- 
cultly soluble  in  boiling  dry  acetone,  almost  insoluble  in  boiling  benzene. 
It  dissolves  in  cone,  sulfuric  add  with  a  pale  greenish  yellow  color. 

Subs,  (air-dry),  0.6924:    loss,  0.0444  *^  vacuo  at  80®  over  H1SO4. 
Calc.  for  Cj»HuO*N,C1.2H»0:  HjO,  6.24.    Found:  6.43. 

Subs,  (anhydrous),  0.1269:  8.6  cc.  N  (22.0®,  757  mm.).  Subs.,  0.1832:  AgO, 
0.0415. 

Calc.  for  CjjHjeOjNaCl:  N,  7.76;  CI,  6.55.    Found:  N.  7.81;  CI,  561. 

Hydroquinine  3y4*Methylenedioxy-chloroacetanilide,  doH^OsN^.- 
3,4-CH202C«H8NHCOCH2Cl.--Starting  with  2.2  g.  of  3,4-methylene- 
dioxy-chloroacetanilide^  the  reaction  mixture  deposited  the  crystalline 
salt  on  standing.  Recrystallized  from  dry  methyl  ethyl  ketone  it  separated 
as  sheaves  of  long,  delicate  needles.  These  were  warmed  slightly  and 
evacuated  to  remove  adhering  solvent  and  allowed  to  come  to  equilibrium 
in  the  air,  retaining  one  molecule  of  water  of  crystallization  or  its  equivalent. 
The  yield  was  1.5  g.  The  salt  dissolves  appreciably  in  cold  water,  quite 
readily  on  boiling,  the  solution  forming  a  jelly  on  cooling  and  depositing 
a  portion  of  the  substance  on  standing  as  rosets  of  delicate  needles.  The 
anhydrous  salt  gradually  melts,  with  slight  preliminary  softening,  above 
155-60°,  turning  orange  and  slowly  evolving  gas,  and  becoming  com- 
pletely fluid  at  185°.  It  dissolves  readily  in  methyl  or  ethyl  alcc^ol,  0£ 
chloroform,  less  easily  in  dry  acetone.  It  gives  a  lemon-yellow  cdor  with 
cone,  sulfuric  add. 

Subs,  (air-dry),  0.5956:  loss,  0.0196  in  vacuo  at  80*  over  H1SO4. 

Calc.  for  CmHmO»N,C1.HiO:  HfO,  3.23.    Found:  3.29. 

Subs,  (anhydrous),  0.1275:  8.6  cc.  N  (20.0*,  757  mm.).  Subs.,  0.1327:  AgCl, 
0.0398. 

Calc.  for  CmHmOsNiCI:  N,  7.79;  CI,  6.57.    Found:  N,  7.83;  CI,  6.45. 

Hydroquinine  34-Dimethoxy-chloroacetanilide. — (From  2.3  g.  of 
3,4-dimethoxy-chloroacetanilide.*)  The  salt  crystallized  on  standing  and 
was  dissolved  in  hot,  dry  acetone,  filtered  with  the  aid  of  bonebladc, 
and  the  filtrate  cautiously  treated  with  ligroin,  shaking  to  redissolve 

*  Tras  Journal,  41,  1457  (1919). 

*  Ibid.,  41,  1461  (1919). 
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the  gelatinous  precipitate  first  formed.  On  seeding  and  letting  stand  over- 
night the  salt  separated  as  masses  of  hair-like  needles  and  diamond-shaped 
plates  containing  solvent  of  cr3rstallization.  The  yield  was  3.1  g.,  an  addi- 
tional quantity,  though  less  pure,  separating  from  the  mother  liquors  on 
standing.  The  anhydrous  salt  gradually  softens  and  melts  above  130® 
with  gas  evolution,  becoming  transparent  at  about  175**  and  completely 
fluid  with  decomposition  at  205-10  **.  It  softens  under  and  dissolves  readily 
in  dry  methyl  or  ethyl  alcohol,  dry  chloroform,  less  readily,  but  freely  in 
dry  acetone.  It  is  difficultly  soluble  in  cold  water,  readily  on  heating,  the 
solution  gelatinizing  on  cooling.  It  dissolves  with  a  yellow  color  in  dil. 
hydrochloric  or  cone,  sulftiric  add. 

Subs,  (anhydrous),  0.1347:  9.4  cc.  N  (21.0*,  765  mm.).  Subs.,  0.1237:  4.25  cc. 
AgNOj  (i  cc.  -■  0.001794  g.  CI). 

Cak.  for  CtoHMOtNtCl:  N,  757;  CI,  6.38.    Found:  N,  8.16;  CI,  6.17. 

Hydroquinine  m-Chloroacetylamino-benzenesulfonamide,  CsoHsaOsNa.- 
ClCH|CONHC«H4SOiNH2(w-).— Usmg  m  -  chloroacetylamino  -  benzene- 
sulfonamide^  the  reaction  mixture  deposited  a  portion  of  the  quaternary 
salt  as  a  gum.  This  was  dissolved  by  adding  Vs  voltune  of  absolute  alcohol, 
after  which  the  salt  soon  b^;an  to  separate.  Recrystallized  from  dry 
methyl  alcohol  it  forms  faintly  pinkie,  glistening,  hexagonal  platelets 
which  gradually  soften  to  a  jelly  above  180®,  darkening,  and  finally 
decomposing  sbwly  at  200-5^.  Aqueous  suspensions  dissolve  cm  boiling 
or  on  adding  dil.  add  or  alkali.  The  salt  is  difficultly  soluble  in  cold 
dry  methyl  or  ethyl  alcohol,  more  easily  on  boiling,  and  is  also  somewhat 
soluble  in  boiling  dry  acetone  and  practically  insoluble  in  boiling  dry 
chloroform. 

Subs,  (anhydrous),  0.0926:  8.0  cc.  N  (26.0 ^  770  mm.).  Subs.,  0.196 1:  AgCl, 
0.0468. 

Calc  for  CtiHaiOiN«ClS:  N,  975;  CI,  6.1.7    Found:  N,  9.99;  CI,  5.90. 

(F)  Quaternary  Salts  of  Hydroquinidine. 
Hydroquinidine  Chloroacetamide. — Hydroquinidine  iodoacetamide 
was  prepared  in  almost  quantitative  yield  by  suspending  the  finely  ptd- 
verized  base  in  hot  acetone  and  adding  one  equivalent  of  iodoacetamide 
in  small  portions,  the  alkaloid  going  into  solution  as  the  reaction  pro- 
ceeded. After  boiling  for  a  few  moments  the  salt  began  to  separate  as 
glistening  hexagonal  plates  and  was  converted  into  the  chloride  as  were 
its  previously  discussed  isomers  and  analogs.  The  chloride  was  salted  out 
from  the  aqueous  solution  and  reoystallized  from  a  small  volume  of  water, 
forming  aggregates  of  minute  leaflets  containing  5  molecules  of  water  of 
dystallization  and  dissolving  readily  in  water  at  room  temperature,  rather 
sparingly  at  o**.  The  3deld  was  about  Vi  ^^  amount  of  quaternary  iodide 
used.  The  anhydrous  salt  gradually  softens  up  to  185®  to  a  yellow  jelly 
*  Tras  Journal,  39,  2429  (1917)- 
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which  becomes  completely  fluid  and  decomposes  at  210^.  [a]^  ^ 
+  179.9^  in  water,  c  =  1.078.  It  dissolves  readily  at  room  temperature 
in  methyl  or  ethyl  alcohol,  chloroform  or  acetcme,  and  less  easily  in  benzene. 

Subs,  (air-dry),  0.8437:  loss,  0.1443  in  vacuo  at  room  temp.,  then  at  80**  over 
H,S04. 

Calc.  for  CnHioOtNiCLsHiO:  HiO,  17.67.    Found:  17.11. 

Subs,  (anhydrous),  0.1305:  .11.5  cc.  N  (29.0*,  763  mm.).  Subs.,  0.1572:  7.16 
cc.  AgNOt  sohi.  (i  cc.  =  0.0018 1  g.  CI). 

Calc.  for  CmHjoOjNsCI:  N,  10.02;  CI,  8.45.    Found:  N,  lo.o;  CI,  8.25. 

Hydroquinidine  p-Chloroacetylamino-phenoL — A  suspension  of  the 
components  in  dry  acetone  soon  cleared  on  boiling  and  after  */i  hotu*  the 
salt  suddenly  oystallized  and  the  mixture  was  allowed  to  stand  in  a  warm 
place  for  4  hours.  The  yield  was  83%  of  the  theoretical  amount.  Re- 
oystallized  by  dissolving  in  hot  absolute  alcohol,  adding  about  3  volumes 
of  dry  ether,  and  seeding,  the  salt  forms  rosets  of  delicate  needles  which 
darken  and  soften  sUghtly  when  heated  and  melt  only  when  kept  in  the 
bath  at  285°  for  a  few  moments.  It  is  very  difl&cultly  soluble  in  boiling 
water  and  practically  insoluble  in  dry  chloroform  or  acetone,  but  dissolves 
at  room  temperature  in  absolute  alcohol,  more  easily  in  dry  methyl  alcohol. 

Subs.  0.1129:    8.4  cc.  N  (27.o^  758  mm.).    Subs.,  0.1668:    AgCl,  0.0460. 
Calc.  for  C8Hm04N,C1:  N,  8.21;  CI,  6.93.    Found:  N,  8.45;  CI,  6.82. 

The  Hydrochloride. — The  quaternary  salt,  rubbed  under  a  small 
volume  of  10  %  hydrochloric  add,  formed  a  gummy  mass  which  crystal- 
lized on  standing.  A  solution  of  the  salt  in  hot  water  containing  a  few 
drops  of  dil.  hydrochloric  add  was  cooled  and  treated  with  the  cone  add 
until  the  initial  turbidity  bardy  redissolved  on  stirring.  On  seeding  and 
letting  stand  in  the  cold  the  hydrochloride  separated  as  faintly  yellow, 
minute  rhombs  which  deliquesced  rapidly  in  the  warm,  moist  room.  The 
dried  salt  does  not  have  this  objectionable  property.  It  mdts  and  de- 
composes at  245-50**  with  prdiminary  darkening  and  dissolves  rather 
sparingly  in  cold  water.  It  dissolves  in  dry  methyl  alcohol,  sparingly  in 
absolute  alcohol,  and  is  almost  insoluble  in  boiling  dry  chloroform  or  ace- 
tone. 

Subs.  0.2039:   AgCl,  0.1050. 

Calc.  for  CiHmOiNiCI.HCI:  CI,  12.93.     Found:  12.74. 

Hydroquinidine  Chloroacetyl-^anisidine. — ^This  salt  was  prepared 
in  the  same  way  and  in  the  same  yidd  as  hydroquinidine-/>-chloroacetyl- 
amino-phenol.  Reoystallized  from  25%  alcohol  it  forms  rosets  of  flat, 
cream-colored  prisms  which  mdt  and  decompose  at  260-5^.  ^^  dissdives 
in  dry  chloroform  and  appreciably  in  methyl  alcohol.  It  is  sparingly 
soluble  in  absolute  alcohol,  more  easily  on  boiling,  and  only  very  diffi- 
cultly soluble  in  boiling  water  or  dry  acetone.  It  is  optically  inactive  in 
dry  chloroform,  where  c  =  1.019. 


Digitized  by 


GooQle 


QUATERNARY  SALTS  OF  THE  CINCHONA  SERIES.  2117 

Subs.,  0.1 110:  8.0  cc.  N  (26.0*,  765  mm.).    Subs.,  0.1209:  4.5  cc.  AgNOi  soln. 
(i  cc.  =  0.00181  g.  CI). 

Cak.  for  CwHii04NiCl:  N,  7.99;  CI,  6.75.    Found:  N,  8.28;  CI,  6.74. 

The  Hydrochloride. — 3  g.  of  the  quaternary  salt  were  dissolved  in  a 
few  cc.  of  cone,  hydrochloric  add  and  the  solution  then  treated  with  small 
amounts  of  dry  acetone,  with  shaking,  until  the  voltune  was  about  50  cc. 
On  letting  stand  and  rubbing  occasionally  the  salt  oystallized  as  faintly 
yellow,  nacreous,  rounded  scales,  aystallization  being  facilitated  by  the 
addition  of  more  dry  acetone  and  ether.  The  dried  product,  when  rapidly 
heated  to  195  ^  then  slowly,  melts  and  decomposes  at  196-200**.  It  dis- 
solves readily  in  water,  methyl  or  ethyl  alcohol,  less  easily  in  dry  chloro- 
form, and  very  diflBculty  in  dry  acetone. 

Subs.,  0.1 148:  7.64  cc.  AgNOs  soln.  (i  cc.  =  0.00181  g.  CI). 
Calc.  fcM:  Ct»HH04NsCl.Ha:  CI,  12.61.    Found:  12.05. 

(6)  Quaternary  Salts  of  Hydrocupreine. 
Hydrocupreine  Chloroacetanilide  Hydrochloride. — As  hydrocupreine 
showed  only  very  little  tendency  to  combine  with  chloroacetanilide  in 
boiling  dry  acetone  it  was  fotmd  necessary  to  use  iodoacetanilide,  com- 
bining the  substances  in  hot  alcohoUc  solution.  As  the  iodide  showed  no 
tendency  to  oystallize  the  solution  was  diluted  until  just  turbid  and 
shaken  with  freshly  precipitated  silver  chloride.  Most  of  the  alcohol  was 
removed  from  the  filtrate  by  concentration  in  vacuo  and  after  dilution  with 
hot  water  and  treating  with  boneblack  the  dear  yellow  filtrate  was  treated 
with  saturated  sodium  chloride  solution,  precipitating  the  chloride  as  an 
amorphous,  yellow  soUd.  This  was  collected  and  rubbed  up  with  cone, 
hydrochloric  add,  changing  to  a  faintly  yellow  mass  of  spherules  of  micro- 
scopic needles,  which  were  filtered  off  after  dilution  with  a  Uttle  more  than 
an  equal  volume  of  water.  When  rapidly  heated  to  210^,  then  slowly, 
it  mdts  and  decomposes  at  213-4®.  It  dissolves  readily  in  dry  methyl 
alcohol,  less  easily  in  cdid  water  or  absolute  alcohol,  and  is  almost  insoluble 
in  dry  chloroform  or  acetone. 

Subs.,  0.1428:  lo.o  cc.  N  (21.5%  759  mm.).    Subs.,  0.1566:  AgCl,  0.0888. 
Calc  for  Ci7H«0iN|Cl.HCl:  N,  8.11;  CI,  13.68.    Found:  N,  8.11;  Q,  14.03. 

Hydrocupreine  Chloroacetyl-^^-anisidine  Hydrochloride. — 3.3  g.  of 
hydrocupreine,  2  g.  of  anhydrous  soditmi  iodide,  and  2  g.  of  chloroacetyl- 
p-anisidine  were  boiled  for  one  hour  in  dry  acetone.  The  base  quickly 
dissolved  and  was  replaced  by  a  heavy  predpitate  of  sodium  chloride. 
The  filtrate  and  washings  were  diluted  with  water  and  shaken  for  45  min- 
utes with  freshly  predpitated  silver  chloride.  After  adding  an  excess  of 
hydrochloric  add  to  the  filtrate  it  was  concentrated  to  small  bulk  in  vacuo, 
the  last  portions  of  the  salt  separating  as  colcnrless,  hair-like  needles.  After 
washing  with  a  Uttle  10%  hydrochloric  add  the  residue  was  dried  in  vacuo, 
dissolved  in  boiling  absolute  alcohol  containing  a  little  dry  hydrochloric 
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add,  cooled,  and  seeded  with  crystals  obtained  by  rubbing  a  portion  of 
the  crude  salt  with  absolute  alcohol.  The  pure  salt  forms  radiating  masses 
of  minute,  pale  yellow  needles,  which,  after  drying  as  usual  melt  to  an 
orange  jelly  at  203-5.5^  and  become  completely  fluid,  with  gas  evolution 
and  darkening,  at  about  210°.  It  dissolves  easily  in  water  or  methyl  al- 
cohol, slowly  but  freely  in  dry  chloroform,  and  is  appreciably  soluble  in 
absolute  alcohol  at  room  temperattu-e,  readily  on  warming.  An  aqueous 
solution  gives  a  pale  brownish  color  with  ferric  chloride. 

Subs.,  0.1205:  8.4  cc.  N  (24.5 ^  750  mm.).    Subs.,  0.1088:  7.8  cc.  AgNOa  soln* 
(i  cc.  =  0.001794  g.  CI). 

Calc.  for  CmHm04N,CLHC1:  N,  767;  CI.  12.93.    Found:  N,  789;  CI,  12.86. 

(H)  Quaternary  Salts  of  Ethylhydrociq»reine. 
Ethylhydrocupreine  Methochloride. — ^The  methiodide^  in  aqueous 
suspension,  was  quantitatively  converted  into  the  chloride  in  the  usual 
manner.  Recrystallized  from  water  it  forms  aggregates  of  silky  needles 
containing  2.5  molecules  of  water  of  crystallization  and  is  rather  difficultly 
soluble  in  cold  water.  The  anhydrous  salt  softens  when  heated,  melting 
to  a  paste  at  about  160^,  then  turning  yellow  and  finally  melting  completely 
to  an  orange  liquid  filled  with  bubbles  at  198-9**.  [aJo  =  — 176.7^  in 
water,  c  =  0.651.  It  dissolves  readily  in  dry  methyl  or  ethyl  alcohol  or 
dry  chloroform,  less  easily  in  dry  acetone. 

Subs,  (air-dry),  0.6166:  loss,  0.0633  »'*  vacuo  at  100®  over  HtS04. 
•  Calc.  for  CMH,iOiNtC1.2.5HiO:  HjO,  10.33.     Found:  10.27. 
Subs,  (anhydrous),  0.2442:  AgCl,  0.0902. 
Calc.  for  CttHuOtNsCl:  CI,  9-07.    Found:  9.14. 

Ethylhydrocupreine  lodoacetamide. — Ethylhydrocupreine  and  iodo- 
acetamide  reacted  quickly  in  acetone  solution.  Most  of  the  acetone  was 
evaporated  off  and  the  residue  dissolved  in  hot  water,  the  iodide  separating 
in  almost  quantitative  yield  on  cooling  and  rubbing.  Recrystallized  twice 
from  water,  using  boneblack,  it  forms  rosets  of  needles  and  long,  narrow 
plates  containing  3  molecules  of  water  of  cr3rstallization.  The  anhydrous 
substance  softens  to  a  jelly  at  140-50**,  gradually  liquefying  and  darkening, 
and  becoming  completely  fluid  at  about  185**.  [ajn  =  — 11 5-4**  in  ah- 
solute  alcohol,  c  =  0.910.  It  dissolves  readily  in  methyl  or  ethyl  alcohol, 
chloroform  or  acetone. 

Subs,  (air-dry),  0.5403:  loss,  0.0501  in  vacuo  at  loo*  over  HsSOi. 
Calc.  for  CjiHnOiN|I.3HfO:  HjO   -  9.33.     Found:  9.27. 
Subs,  (anhydrous),  0.1611:  Agl,  0.0709. 
Calc.  for  CnHssOsNsI:  I,  24.17.    Found:  23.78. 

Ethylhydrocupreine    Chloroacetamide. — ^The   iodide   was    converted 
into  the  chloride  and  salted  out  with  sodium  chloride.    Recrystallized  from 
water  it  forms  faintly  yellow  aggregates  of  long,  narrow  plates  containing 
*  This  Journai.,  41,  825  (1919)- 
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a^little  over  3  molecules  of  water  of  crystallization  and  dissolving  fairly 
readily  in  water.  The  anhydrous  salt  melts  to  a  jelly  at  145-60**,  turns 
yellow,  then  orange,  and  becomes  completely  fluid  at  about  195  **.  [a]^  « 
— 1 14.8**  in  water,  (;=  1.124.    It  dissolves  readily  in  absolute  alcohol. 

Subs,  (air-dry),  0.6813 :  loss,  0.0815  in  vacuo  at  xoo*  over  HtS04. 
Cak.  for  CnHtfOiNsCLaHsO:  HsO,  11.08.    Fotmd:  11.97. 
Subs,  (anhydrous),  0.0852:  7.3  cc.  N  (27.0*,  753  mm.).    Subs.,  0.1705:  7.68  cc. 
AgNOtsoln.  (1  cc  =»  0.00181  g.  CI). 

Calc.  for  CnHtsOsNiQ:  N,  9.69;  Q,  8.17.    Found:  N,  966;  d,  8.16. 

Ethylhydrocupreine  /^-Chloroacetylamino-^phenol.— The  salt,  prepared 
by  the  direct  method,  crystallized  in  good  yield  on  letting  stand.  Re- 
crystallized  from  dry  methyl  ethyl  ketone  it  formed  rosets  of  delicate 
needles  which  came  to  equilibrium  in  the  air  with  one  molecule  of  water 
of  oystallization.  When  rapidly  heated  to  175**,  then  slowly,  it  melted 
at  178-82**  to  a  jelly,  [a]^  =  — 71.8**  in  absolute  alcohol,  c  =  0.844. 
The  salt  dissolves  readily  in  absolute  alcohol  and  very  difficultly  in  water 
or  dry  acetone.  It  softens  under  dry  chloroform  and  dissolves  to  some 
extent. 

Subs,  (air-dry),  0.5319:  loss,  0.0181  in  vacuo  at  100^  over  HtSOi. 

Calc.  for  CitH|g04N|Cl.HfO:  HjO,  3.31.    Pound:  3.40. 

Subs,  (anhydrous),  0.1359:  9.4  oc  N  (I8.o^  760  mm.). 

Calc.  for  CstHfi04Nia:  N,  7.99.    Found:  8.12. 

The  Hydrochloride. — On  rubbing  with  1:1  hydrochloric  add  the 
quaternary  salt  changed  to  a  pBfty  mass  which  gradually  crystallized. 
Its  solution  in  hot  water  containing  a  little  hydrochloric  add  was  cooled, 
treated  with  the  concentrated  add  until  the  initial  turbidity  bardy  re- 
dissolved,  and  seeded.  The  hydrochloride  separated  in  the  refrigerator 
as  almost  colorless  rosets  of  delicate  needles.  The  anhydrous  salt  darkens 
at  about  185^  gradually  mdting  to  an  orange  liquid  and  evolving  gas  at 
196-7®.  It  dissolves  readily  in  water,  methyl  or  ethyl  alcohol,  and  is 
practically  insoluble  hi  dry  acetone. 

Subs.,  0.1528:  10.62  cc.  AgNOs  soln.  (i  cc.  =  0.00181  g.  Q). 
Calc.  for  Ciaiw04NiCl.HCl:  Q,  12.61.    Found:  12.58. 

Ethylhydrocupreine  Chloroacetyl-^Hanisidine. — The  salt  was  obtained 
crystalline  by  evaporation  of  the  acetone  solution.  After  reoystalliza- 
tion  from  methyl  ethyl  ketone  the  yidd  was  82.5%  of  the  theory.  Re- 
oystallized  from  boiling  water,  in  which  it  is  only  difficultly  soluble,  it 
separates  as  deUcate,  hair-like  needles  containing  1.5  molecules  of  water 
of  crystallization.  The  anhydrous  salt  softens  to  a  jelly  at  145-55**, 
turning  yellow  and  liquefjring  completdy  by  the  time  200®  is  reached. 
[a]|f  =  — 69.0**  in  absolute  alcohol,  c  =  1.574.  It  dissolves  readily  in 
methyl  or  ethyl  alcohol  or  chloroform,  more  slowly  in  dry  acetone.  It 
gives  a  pale  ydlow  color  in  cone,  sulfuric  add. 
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Subs,  (air-dry),  0.7569:  loss,  0.0334  »»  vacuo  at  80 *,  then  loo*  over  H2SO4. 
Calc.  for  CioHi804N,Cl.i.5H20:  HA  441.     Found:  4.77. 

Subs,  (anhydrous),  0.1533:  10.6  cc.  N  (25.0®,  767  mm.).     Subs.,  0.1188:  4,3  cc. 
AgNOi  sohi.  (i  cc.  =  0.0018 1  g.  CI). 

Calc  for  CtoHM04NiCl:  N,  779;  CI.  6.57.    Found:  N,  7.99;  CI,  6.56. 

The  Hydrochloride. — A  solution  of  the  quaternary  salt  in  an  excess 
of  absolute  alcoholic  hydrochloric  add  was  concentrated  to  dryness  in 
vacuo  and  the  gummy  residue  digested  in  the  flask  with  dry  acetone,  a 
portion  dissolving.  After  several  days  the  hydrochloride  tx^gan  to  crys- 
tallize as  prismatic  needles  and  became  entirely  crystalline  on  rubbing  and 
letting  stand.  When  rapidly  heated  to  200**,  then  slowly,  the  dried  salt 
darkens  and  sinters  at  201-4®  and  melts  and  decomposes  at  204-5**.  ^^ 
dissolves  readily  in  methyl  or  ethyl  alcohol  and  only  incompletely  in  water, 
owing  to  hydrolysis. 

Subs.  0.1374:  9.46  cc.  AgNOi  soln.  (i  cc.  -■  0.00181  g.  CI). 
Calc.  for  Ci»HM04NtCl.HCl:  CI,  12.30.    Found:  12.47. 

Efliylhydrocupreine  Chloroacetyl-/7-phenetidine. — Ligroin  was  added 
to  the  reaction  mixttu'e  and  the  solution  allowed  to  stand  in  the  ice  box 
with  occasional  rubbing,  the  salt  crystallizing  in  a  yield  of  80%  of  the 
theoretical  amount.  Recrystallized  with  the  aid  of  boneblack  from  boiling 
water,  in  which  it  is  sparingly  soluble  it  separated  on  seeding  as  woolly 
masses  of  delicate  needles  containing  1.5  molecules  of  water  of  crystalliza- 
tion. The  anhydrous  salt  softens  to  a  jelly  above  130®,  gradually  liquefy- 
ing and  tmning  yellow  as  the  temperature  is  raised,  until  completely  fluid, 
with  slow  decomposition  at  about  210°.  [alo*^  =*  — 75'25^  in  95% 
alcohol,  c  =  0.9 1 7.  It  dissolves  extremely  easily  in  chlorofcmn,  very  readily 
in  methyl  or  ethyl  alcohol,  and  easily  in  dry  acetone. 

Subs,  (air-dry),  0.5089:  loss,  0.0232  in  vacuo  at  80 *,  then  100®  over  HsS04. 
Calc.  for  CS1H40O4N1CI.1.5H1O:  HjO.  4.65.    Found:  4.56. 

Subs,  (anhydrous),  0.1198:  8.25  cc.  N  (27.o^  762  mm.).     Subs.,  0.1276:  4.47 
cc.  AgNOf  soln.  (i  cc.  =  0.00181  g.  CI). 

Calc.  for  CtiH4o04NiCl:  N,  759;  CI,  6.40.     Found:  N,  786;  CI,  6.35. 

The  Hydrochloride. — ^This  salt  was  obtained  in  exactly  the  same  way 
as  the  corresponding  anisidine  compotmd,  forming  aggregates  of  minute, 
thick  plates  with  tapering  ends.  It  begins  to  turn  yellow  above  150®, 
darkens  at  about  200°,  then  softens  and  sinters,  and  melts  and  decomposes 
at  208**.  It  softens  under  water  and  dissolves  slowly  but  completely  on 
shaking.  It  is  also  readily  soluble  in  absolute  alcohol  cm:  chloroform  and 
only  very  sparingly  in  dry  acetone. 

Subs.,  0.1357:  8.7  cc.  N  (25.0®,  750  mm.).    Subs.,  0.1415:  9.42  cc  AgNOa  soln. 
(i  cc.  =  o.ooiSi  g.  CI). 

Calc.  for  C,iH4o04N,Cl.HCl:  N,  7.12;  CI,  12.02.     Found:  N,  7.25;  CI,  12.05. 

New  York,  N.  Y 
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[Contribution  prom  tbb  Esssntial  Oii«s  Laboratory,  Drug  Division,  Bursau 
OF  Chsmistry,  U.  S.  Dbpartmbnt  of  Agricui^turb.] 

VANILLTL-ACYL  AMIDES. 

By  E.  K.  Nblson. 

Received  October  2,  1919. 

The  investigation  in  this  laboratory  of  the  constitution  of  capsaicin,^ 
which  demonstrated  that  substance  to  be  a  vanillyl-decenoyl  amide,  has 
led  to  the  sjmthesis  of  a  number  of  other  vanillyl-acyl  amides  (4-hydroxy- 
3-methoxy-benzyl-acyl  amides),  of  the  type  (4)HO(3)CHjOC«H,(i)CH2- 
NHCOR. 

Vanillyl  amine,  suspended  in  dry  ether,  reacts  readily  with  acyl  chlorides, 
forming  vanillyl-acyl  amides,  which  are  substances  of  the  capsaicin  type. 

'    General  Method  of  Preparation. 

A  quantity  of  vanillyl  amine  corresponding  to  two  molecules,  freed  from 
its  water  of  oTstallization  by  heating  at  no**,  is  suspended  in  dry  ether, 
and  a  quantity  of  the  acyl  chloride  corresponding  to  one  molecule  is  added, 
the  mixture  being  stirred  meanwhile.  The  mixture  is  then  heated  gently 
to  complete  the  reaction,  water  and  a  Uttle  hydrochloric  add  are  added, 
and  the  mixture  is  shaken  out  in  a  separatory  funnel,  the  aqueous  layer 
being  drawn  off.  In  case  adds  of  low  molecular  weight,  up  to  hexoic  add, 
are  being  used,  it  is  necessary  to  extract  the  aqueous  solution  thoroughly 
with  rfiloroform  and  add  this  to  the  ether  solution,  as  the  derivatives  of 
the  lower  adds  are  soluble  in  water  and  insoluble,  or  difl&cultly  soluble, 
in  ether.  The  aqueous  solution  is  then  evaporated  to  recover  the  excess 
of  vanillyl  amine  in  the  form  of  the  hydrochloride.  The  ether  or  diloro- 
form-ether  solution  is  washed  with  a  dilute  solution  of  sodium  carbo- 
nate, to  remove  any  uncombined  add,  and  evaporated. 

The  condensation  product  thus  obtained  is  purified  by  crystallizing  from 
a  suitable  solvent,  usually  benzene  for  the  lower  members  of  the  series, 
or  petroleum  ether  containing  some  ethyl  ether  for  the  higher  ones. 

The  acyl  chlorides  are  prepared  as  needed  by  adding  to  the  weighed 
amount  of  add  the  required  quantity  of  phosphorus  trichloride,  heating 
gently  and  decanting  the  acyl  chloride  directly  from  the  viscous  deposit, 
of  phosphorous  add. 

The  foregoing  method  of  preparation  was  employed  for  all  the  substances 
to  be  described,  with  the  exception  of  the  acetyl  and  isobut)nryl  derivatives, 
which  were  made  by  the  use  of  the  corresponding  add  anhydrides. 

Derivatives  of  the  Acids  of  the  Acetic  Acid  Series. 

Vanillyl  Acetamide. — 10  g.  of  vanillyl  amine,  20  g.  of  acetic  anhydride 

and  one  g.  anhydrous  sodium  acetate  were  heated  for  4  hours  at  130**. 

An  excess  of  sodium  hydroxide  was  added  to  the  cooled  mixture  and  after 

shaking  and  saturation  with  carbon  dioxide  the  solution  was  thoroughly 

^  Nelson,  This  Journal,  41,  1115  (1919). 
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extracted  with  chloroform.  The  residue  from  evaporation  of  the  chloro- 
form was  saponified  with  cold  alcoholic  potassium  hydroxide,  in  order  to 
remove  the  acetyl  group  substituted  in  the  hydroxyl  of  the  vanillyl  rea- 
due,  diluted  with  water,  saturated  with  carbon  dioxide  and  extracted  with 
chloroform.  On  evaporating  the  chloroform  the  compound  remained  as 
a  thick  brown  syrup  which  slowly*  became  crystalline.  Recrystallized 
from  boiling  benzene  it  melted  at  84-5^  (corr.).    The  yield  was  62%. 

Calc.  for  CitHiiNOi:  C,  61.5;  H,  6.7;  N,  717. 
Pound:  C,  61.6;  H,  6.9;  N,  7.12. 

Vanillyl  acetamide  is  easily  soluble  in  water  and  in  chloroform  but  is 
insduble  in  ether.    It  is  not  pungent. 

Optical-crystallographic  Data' — In  ordinary  light,  vanillyl  acetamide 
is  seen  to  consist  of  rods  breaking  into  irregular  fragments,  the  crystal 
system  being  monodinic.  The  refractive  indices  (determined  by  the  im- 
mersion method,  using  mixtures  of  lubricating  oil  with  monobromonaph- 
thalene  and  of  the  latter  with  methylene  iodide)  are:  a  «=  1.550,  fi  =  1*585, 
7  =  1.685,  y  —  «  *=  0.135,  an  =fc  0.005.  Intermediate  values  are  usually 
obtained.  In  parallel  polarizedllight,  nicols  crossed:  The  birefringence  is 
extreme,  the  cdiors  being  of  high  orders.  Extinction  is  inclined,  reaching 
a  maximum  of  30^;  elongation  is  variable.  In  convergent  polarised  light, 
nicols  crossed:  Partial  biaxial  figures  are  often  obtained,  the  axial  plane 
running  lengthwise,  the  appar^it  axial  angle  2E  being  about  iio^J[calc. 
115'')  and  the  sign  positive.    The  dispersion  is  distinct. 

Vanillyl  Propionamide. — 2.5  g.  of  propionic  add  was  converted  into 
the  chloride  and  added  to  10.3  g.  of  vanillyl  amine  suspended  in  ether. 
The  derivative  was  recrystallized  from  hot  benzene  and  mdted  at  108- 
10**  (corr.).    The  yidd  was  46%. 

Calc.  for  CuHuNOi:  C,  63.1;  H,  7.2;  N,  6.69. 
Found:  C,  63.3;  H,  7.2;  N,  6.67. 

Vanillyl  propionamide  is  scarcdy  soluble  in  ether  but  is  scduUe  in  water, 
chloroform  or  hot  benzene.    Its  aqueous'solution  is  very  slightly  pungent 

Optical-crystallographic  Data. — In  ordinary  light,  vanillyl  i^opion- 
amide  is  in  short  rods  and  irregular  grains,  the  system  being  rhombic 
Refractive  indices,  determined  as  in  the  preceding  substance:  a  »  i495f 
fi  =  1.635,  7  =  1.680,  7  —  a  —  0.185,  an  =^0.005;  intermediate  values 
are  usually  obtained.  In  parallel  polarized  light,  nicols  crossed:  Bire- 
fringence is  extreme,  the  colors  being  of  high  orders.  Extinction  is  paralld, 
and  dongation  variable.  In  convergent  polarised  light,  nicols  crossed: 
Partial  biaxial  figures  are  occasionally  obtained,  2E  being  about  100* 
(calc.  98**)  and  the  sign  negative.    Dispersion  is  distinct. 

Vanillyl  n-Butyramide. — Normal  butyric  add  was  used  and  the  add 

» The  optical-cnrstallograptuc  observations  in  this  paper  were  kindly  made  by 
Dr.  Edgar  T.  Wherry,  of  the  Bureau  of  Chemistry. 
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chloride  method  employed.  The  yield  was  44%.  Vanillyl  n*butyramide 
crystallizes  slowly.  It  was  crystallized  from  benzene  and  recrystallized 
from  dry  ether,  when  it  melted  at  68-70  **  (corr.). 

Cak.  for  CuHnNOs:  C,  64.5;  H,  7.7;  N,  6.29. 
Found:  C,  64.4;  H,  7.6;  N,  6.34. 

VaniUyl  n-batyramide  is  readily  soluble  in  chloroform  and  moderately 
soluble  in  ether  and  in  water.    It  is  somewhat  ptmgent. 

Optical-crystallographic  Data. — In  ordinary  light,  vanillyl  n-butyr- 
amide  is  in  minute  rods,  grains  and  irregular  aggregates,  the  s)rstem  being 
apparently  tridinic.  Refractive  indices:  a  =  1.5151  fi  =  1.580,  y  =  1.655, 
y  —  a  =  0.140,  all  =4=0.005;  intermediate  values  are  usuailly  obtained. 
In  parallel  polarized  light,  nicols  crossed:  Birefringence  is  extreme,  the 
colors  being  of  high  orders.  Extinction  is  strongly  inclined,  reaching  45**, 
and  elongation  is  variable.  In  convergent  polarized  light,  nicols  crossed: 
Partial  biaxial  figures  are  often  obtained,  2£  being  extremely  large,  and 
the  sign  probably  positive.    Dispersion  is  distinct. 

Vanillyl  Isobutyramide. — Isobutyric  anhydride  was  employed.  The 
yield  was  80%.  Reaystallized  from  dil.  altx>hol,  vanillyl  isobutyramide 
melted  at  118-20^ 

Calc.  for  CwHnNOs:  C,  64.5;  H,  7.7;  N,  6.29. 
Pound:  C,  64.4;  H,  7.7;  N,  6.15. 

Vanillyl  isobutyramide  is  scarcely  soluble  in  ether  but  is  soluble  in 
chloroform  and  moderately  soluble  in  water.    It  is  only  slightly  pungent. 

Optical-crystallographic  Data. — In  ordinary  light,  vanillyl  isobutyr- 
amide is  in  rectangular  plates  and  pyramids,  the  system  being  rhombic. 
Refractive  indices:  a  =  1.465,  j9  =  1633,  y  =  1.635,  7  —  «  =  0.170, 
an  =*=  0.005.  In  parallel  polarized  light,  nicols  crossed:  Birefringence  is 
extreme,  the  colors  being  of  high  orders.  Extinction  is  S3rmmetrical, 
and  elongation  variable.  In  convergent  polarized  light,  nicols  crossed: 
Biaxial  figures  are  often  obtained,  2E  being  very  small,  about  18**  (calc. 
17*  48  0 1  and  the  sign  negative.    Dispersion  is  distinct. 

Vanill]^  n-hexoylamide. — Caproic  acid  made  by  the  fermentation  of 
kelp  was  used  in  preparing  vanillyl  n-hexoylamide.  The  acid  was  obtained 
from  the  Hercules  Powder  Co.,  Although  it  distilled  within  narrow  limits 
as  received,  it  was  converted  into  the  methyl  ester  and  this  was  care- 
fully fractionated.  The  fraction  boiling  at  49-52**  under  15  mm.  pressure 
was  saponified,  and  from  this  an  add  boiling  at  103-6°  under  15  mm.  pres- 
sure was  obtained. 

Vanillyl  n-hexoylamide,^  however,  was  not  obtained  in  crystalline  form 
and  all  ^orts  to  induce  crystallization  failed.  It  seems  probable,  there- 
fore, that  the  caproic  add  may  not  be  pure  normal  add.  The  condensa- 
tion product,  as  obtained,  appears  as  a  light  brown,  very  viscous  syrup. 
It  18  moderatdy  soluble  in  boiling  water,  from  whidi  it  separates,  for  the 
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most  parti  on  cooling.  It  is  scduble  in  ether  and  in  chlorofomi.  Vanillyl 
n-hexoylamide  is  far  more  pungent  than  the  lower  members  of  the  series. 
Vanillyl  n-Heptoylamide. — Normal  heptoic  add  was  made  by  the 
oxidation  of  oenanthol,  which  was  prepared  by  distilling  castor  oil  mider 
diminished  pressure.  The  add  boiled  at  114^  under  10  mm.  pressure. 
By  the  condensation  of  n-heptoic  add  and  vanillyl  amine,  through  the 
add  diloride,  a  yidd  of  81%  of  vanillyl  n-heptoy]amide  was  obtained. 
Reoystallized  from  a  mixttu-e  of  ether  and  petroleum  ether,  it  melted  at 
59-61**  (corr.). 

Calc.  for  CuHmNOs:  C,  67.9;  H,  8.7;  N,  524. 
Found:  C,  67.5;  H,  8.7;  N,  5.19. 

Vanillyl  n-heptoylamide  is  very  pungent. 

Optical-cr3rstallographic  Data. — In  ordinary  light,  vanillyl  n-heptoyl- 
amide is  in  grains,  the  S3rstem  bdng  probably  monodinic.  Refractive 
indices:  a  =  1.515,  j9  =  1.595,  y  =  1.625,  y-r  a  =  o.iio,  all  =*=o.oo5; 
intermediate  values  are  usually  obtained.  In  parallel  polarized  light, 
nicols  crossed:  Birefringence  is  extreme,  the  colors  being  mostly  about 
3rd  order.  Extinction  is  usually  strongly  inclined,  though  occasionally 
S3rmmetrical,  and  dongation  is  variable.  In  convergent  polarised  light, 
nicols  crossed:  Partial  biaxial  figures  are  occasionally  obtained,  2E 
bdng  about  no**  (calc.  107**),  and  the  sign  negative.  Dispersion  is  dis- 
tinct. 

Vanillyl  n-octoylamide. — Caprylic  add  (normal  octoic  add)  was 
isolated  from  coconut  oil  by  cardully  fractionating  the  methyl  esters  of 
coconut  oil  fatty  adds.  The  fraction  boiling  at  83-6°  under  15  mm. 
presstu-e  was  saponified  and  the  add  recovered  and  rectified. 

As  a  perfectly  homogeneous  condensation  product  was  not  obtained  with 
vanillyl  amine,  the  add  was  further  purified  by  fractionally  cr3rstallizing 
its  baritun  salt.  The  add  thus  purified  had  a  constant  boiling  point  and 
was  used  in  preparing  vanillyl  n-octoylamide,  of  whidi  a  )ridd  of  83%- 
was  obtained.  Recrystallized  from  petroleum  ether  containing  10%  d 
ethyl  ether,  this  compound  mdted  at  41-3**  (corr.). 

Calc.  for  CitHtiNOs:  C,  68.8;  H,  9.0;  N,  5.01. 
Found:  C,  68.8;  H,  9.1;  N,  5.05. 

Vanillyl  n-octoylamide  is  a  violently  pungent  substance.  Care  must 
be  taken  in  handling  it  that  its  solutions  do  not  come  in  contact  with  the 
face  or  with  the  eyes.  Its  pungency  on  the  tongue  is  about  equal  to  that 
of  capsaicin,  but  its  property  of  causing  sneezing  and  coughing  is  probaUy 
not  quite  so  great. 

Optical-crystallographic  Data. — In  ordinary  light,  vanillyl  n-octoyl- 
amide is  in  very  minute  needles,  with  the  approximate  refractive  indices 
a  =  1.56  and  7=i-57«  ^w  parallel  polarized  light,  nicols  crossed'  Bire- 
fringence is  moderate,  the  cdors  bemg  first  order  grays.    Extinctioa  13 
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parallel  and  elongation  negative.    The  grains  are  too  minute  for  further 
measurements. 

Vanillyl  n-Nonoylamide. — Normal  nonoic  add  was  purified  by  dis- 
tillation. Condensed,  through  the  add  diloride,  with  vanillyl  amine,  a 
yidd  of  76%  of  the  theoretical  equivalent  of  vanillyl  n-nonoylamide  was 
obtained.  The  substance  crystallized  slowly.  Recrystallized  from  a 
mixture  of  ether  and  petroleiun  ether,  it  softened  at  47  ^  and  was  completdy 
melted  at  52  ^.     It,  therefore,  still  contained  a  small  amotmt  of  impurities. 

Calc.  for  CnHtTNOs:  C,  69.6;  H,  9.3;  N,  4.77. 
Pound:  C,  69.3;  H,  9.1;  N,  4.69. 

Vanillyl  n-nonoylamide  is  soluble  in  ether  and  in  chloroform,  and  is 
slightly  soluble  in  hot  petroleum  ether.  It  is  an  extremdy  pungent 
substance,  being  even  more  disagreeable  to  handle  than  vanillyl  n-octoyl- 
amide.    Its  pungency  to  the  taste  is  about  the  same  as  that  of  capsaicin. 

Optical-crystallographic  Data. — ^The  optical  properties  of  this  substance 
are  practically  the  same  as  those  of  vanillyl  n-octoylamide,  so  far  as  they 
could  be  observed,  except  for  the  refractive  indices,  whidi  are:  a  =  1.57 
and  y  =  1.59. 

Vanillyl   n-Decoylamide. — Capric    acid    (normal    decoic    add)    was 

prepared  by  fractionation  of  the  methyl  esters  of  the  coconut  oil  fatty  adds. 

The  methyl  ester  boiling  at  112-^**  under  15  mm.  pressure  was  saponified 

and  the  add  recovered  was  crystallized  and  pressed  out  on  filter  paper  in 

a  cold  room.    The  add  mdted  at  31-31.5°.    A  yidd  of  80%  of  vanillyl 

n-decoylamide  was  obtained.    Recrystallized  from  petroleum  ether,  it 

mdted  at  59-60®. 

Calc.  for  CisHtaNOs:  C,  70.3;  H,  9.5;  N,  4.55. 
Found:  C,  70.1;  H,  9.8;  N,  4.58. 

VanillyJ  w-decoylamide  is  soluble  in  chlcMrof  orm  and  in  ether  and  is  slightly 
soluble  in  boiling  petroleum  ether  and  in  water.  It  is  extremdy  pungent 
and  the  powdered  substance  causes  coughing  and  sneezing. 

Optical-crjrstallographic  Data. — In  ordinary  light,  vanillyl  n-decoyl- 
amide is  made  up  of  splintery  flakes  and  needles,  the  system  being  probably 
rhombic.  Rdractive  indices:  a  =  1.545,  j9  =  i'555»  7  =  1.620,  7 —  a  = 
0.075,  3II  =^0.005;  j8  is  usually  seen  lengthwise  of  the  needles,  and  values 
intermediate  between  the  other  two  indices  crosswise.  In  parallel  polar- 
ized light,  nicols  crossed:  Birrfringence  is  extremdy  strong,  the  colors 
being  of  upper  first  order,  even  on  the  thinner  needles.  Extinction  is 
paralld  and  dongation  usually  negative,  rardy  positive.  In  convergent 
polarized  light,  nicols  crossed:  The  crystals  are  too  minute  to  yidd  good 
figtu-es,  but  the  dass  is  biaxial,  with  the  axial  plane  crosswise;  2B  is  small 
(calc.  23**)  and  the  sign  positive. 

Vanillyl  n-Undecoylamide. — ^An  alcoholic  solution  of  undecenoic 
add,  made  by  the  dry  distillation  of  castor  oil,  was  hydrogenated,  using 
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colloidal  palladium  as  a  catalyst.  96%  of  the  theoretical  amount  of  hydro- 
gen was  quickly  absorbed.  The  tmdecoic  add  obtained  was  used  in  the 
preparation  of  vanillyl  n-undecoylamide,  of  which  a  yield  of  80%  was 
obtained.  RecrystalUzed  from  petroletmi  ether  containing  10%  of  ethyl 
ether,  the  substance  melted  at  54HS'*. 

Calc.  for  CnH,iNOt:  C,  710;  H,  9.7;  N.  4.35. 

Pound:  C,  71.1;  H,  lo.o;  N,  4.44. 

Vanillyl  n-undecoylamide  is  insoluble  in  water,  diflScultly  soluble  in 
cold  petroleum  ether  and  easily  soluble  in  ether. 

The  pimgency  of  vanillyl  n-undecoylamide  differs  somewhat  in  character 
from  that  of  the  substances  already  described.  The  burning  sensation  is 
not  so  immediately  apparent  and  affects  the  back  of  the  tongue  and  the 
throat  rather  than  the  tip  of  the  tongue. 

Optical-crystallographic  Data. — In  ordinary  light,  vanillyl  n-undecoyl- 
amide is  in  4-sided  or  irregular  plates,  the  system  being  apparently  tri- 
dinic.  Refractive  indices:  a  =  1.515,  P  =  1.540,  7  =  1.615,  y  —  «  = 
o.ioo,  all  =^0.005;  P  is  often  obtained.  In  parallel  polarised  light,  niccls 
crossed:  Birefringence  is  extreme,  the  colors  being  of  second  order  on 
even  rather  thin  flakes.  Extinction  is  inclined  at  varying  angles,  and 
dongation  variable.  In  convergent  polarized  light,  nicols  crossed:  Partial 
biaxial  figures  are  frequently  obtained,  2£  being  about  iio^  (calc.  106°) 
and  the  sign  positive.    Dispersion  is  distinct 

Vanill]^  n-Dodecoylamide. — ^Latuic  add  (normal  dodecoic  add)  was 
prepared  by  fractionating  the  methyl  esters  of  coconut  oil  fatty  adds. 
A  yidd  of  70%  of  vanillyl  n-dodecoylamide  was  obtained.  It  was  recrys- 
taUized  by  pouring  its  ethereal  solution  into  petroleum  ether.  It  then 
mdted  at  60-1  ^  (corr.). 

Calc.  for  CsoHttNOs:  C,  71.6;  H,  9.9;  N,  4.17.    Pound:  C,  71-2;  H,  10.2;  N,  4.26. 

Vanillyl  n-dodecoylamide  is  insoluble  in  water  but  easily  soluble  in  ether. 
In  pungency  it  resembles  vanillyl  n-tmdecoylamide. 

Optical-crystallographic  Data. — In  ordinary  light,  vanillyl  n-dodecoyl- 
amide is  in  splintery  plates,  the  S3rstem  being  apparently  monodinic 
Refractive  indices:  a  =  1.52,  j8  =  1.54,  7  =  1.60,  7  —  a  ^  0.08,  all 
=fco.oi.  In  parallel  polarized  light,  nicols  crossed:  Birefringence  is  strong, 
the  colors  being  ist  order  yellow  on  even  rather  thin  flakes.  Extinction 
is  inclined,  reaching  a  maximum  value  of  30°,  and  dongation  is  negative. 
In  convergent  polarized  light,  nicols  crossed:  Rather  indistinct  figures  are 
sometimes  obtained,  the  dass  bdng  biaxial,  2£  moderate  (calc.  100^ 
and  sign  positive. 

Derivatives  of  the  Adds  of  the  Acrylic  Add  Series. 

Two  derivatives  of  the  acrylic  add  series,  to  whidi  the  add  isolated  from 
capsaicin  bdongs,  have  been  made,  namdy,  vanillyl  crotonylamide  and 
vanillyl  undecenoylamide. 
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Vanill]^  Crotonylainide. — The  chloride  of  crotonic  add  was  prepared 
from  crotonic  add  by  the  method  described  by  Hemy,*  and  was  used  in 
the  preparation  of  vanillyl  crotonylamide,  of  which  a  50%  yidd  was  ob- 
tained. RecrystalUzed  from  boiling  benzene,  the  substance  mdted  at 
119-20**  (corr.). 

Calc.  for  CitHiiNO«:  C,  65.1;  H,  6.8;.N,  6.33.    Pound:  C,  64.9;  H,  7.0;  N,  6.25. 

Vanillyl  crotonylamide  is  not  easily  soluble  in  ether  or  benzene  but  is 
quite  soluble  in  diloroform  and  moderatdy  soluble  in  water.  It  is  slightly 
ptmgent. 

Optical-crystallographic  Data. — In  ordinary  light,  vanillyl  crotonyl* 
amide  is  in  rods  and  irregular  grains,  the  system  bdng  probably  rhombic. 
Refractive  indices:  a  =  1.515,  fi  =  1.605,  7  =  1.735,  y  —  a  =  0.220, 
all  =fe  0.005 ;  intermediate  values  are  usually  obtained.  In  parallel  polarized 
light,  nicols  crossed:  Birefringence  is  extreme,  the  strongest  met  with  in 
the  series  studied,  the  colors  being  of  high  orders.  Extinction  is  paralld, 
and  dongation  variable.  In  convergent  polarized  light,  nicols  crossed: 
Partial  biaxial  figures  are  occasionally  obtained,  2E  being  extremdy  large, 
and  the  sign  positive.    Dispersion  is  distinct. 

Vanillyl  Undecenoylamide. — Undecenoic  add  mdting  at  24.5  "^  was 

obtained  by  the  dry  distillation  of  castor  oil.    Condensation  with  vanillyl 

amine  gave  a  yidd  of  82%  of  vanillyl  undecenoylamide.    Purified  by  re- 

crystalUzing  from  petroleum  ether,  the  substance  mdted  at  53-5**  (corr.). 

Calc.  for  Ci9H„NOs:  C,  714;  H,  9.1;  N,  4.38.    Found:  C,  713;  H,  93;  N,  4.17. 

Vanillyl  undecenoylamide,  like  the  corresponding  saturated  derivative, 
vanillyl  undecoylamide,  affects  the  throat  rather  than  the  tongue.  Its 
powder  is  more  irritating  to  the  nose  and  throat,  however,  causing  violent 
coughing  and  sneezing. 

Optical-crystallographic  Data. — In  ordinary  light,  vanillyl  undecenoyl- 
amide is  in  splintery  masses  and  minute  needles,  the  S)rstem  bdng  prob- 
ably rhombic.  Refractive  indices:  a  =  1.55,  j8  =  1.60,  y  =  1.63,  7  —  a  = 
0.08,  all  =fco.oi.  In  parallel  polarized  light,  nicols  crossed:  Birrfringence 
is  extremdy  strong,  first  to  second  order  colors  being  shown  on  even  minute 
needles.  The  extinction  is  paralld  and  the  dongation  negative.  In 
convergent  polarized  light,  nicols  crossed:  The  needles  are  too  minute  to 
yidd  good  figures;  the  class  is  biaxial,  2£  extremdy  large  and  the  sign 
negative. 

Derivatives  of  Aromatic  Adds. 

Of  the  aromatic  adds,  the  derivative  of  benzoic  add  is  the  only  one  so 
far  successfully  prepared.  One  effort  to  prepare  a  dnnamic  add  deriva- 
tive resulted  in  a  product  without  a  sharp  mdting  point  which  is,  there- 
fore, not  described. 

»  Henry,  Bull.  acad.  roy,  bdg.,  [3]  36,  42  (1898). 
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Vanillyl  Benzoylamide. — Vanillyl  benzoylamide  was  made  by  stirring 
a  quantity  of  benzoyl  chloride  corresponding  to  one  molecule  with  a  quan- 
tity of  vanillyl  amine  corresponding  to  two  molecules,  suspended  in  dry 
ether.    It  crystallized  from  alcohol  in  needles  melting  at  140-2®. 

Calc.  for  CiftHuNOj:  C,  70.0;  H,  59;  N,  5.44.    Found:  C,  69.9;  H,  6.0;  N.  5.46. 

Vanillyl  benzoylamide  is  insoluble  in  ether  but  soluble  in  chloroform 
and  alcohol.     It  is  only  moderatdy  pungent. 

Optical-crystallographic  Data. — In  ordinary  light,  vanillyl  benzoyl- 
amide is  in  short  rods  and  grains,  the  system  being  rhombic.  Refractive 
indices:  a  =  1.590,  j8  =  1.675,  7  =  1695,  7  —  «  =  0.105,  all  =*=o.oo5; 
the  individual  indices  are  all  frequently  obtained.  In  parallel  polarized 
light,  nicols  crossed:  Birefringence  is  extreme,  the  colors  being  of  high 
orders.  Extinction  is  parallel,  and  elongation  positive.  In  convergent 
polarized  light,  nicols  crossed:  Good  biaxial  interference  figures  are  readily 
obtained,  2E  being  85®  (calc.  89**)  and  the  sign  negative.  Dispersion  is 
distinct. 

Derivatives  of  n-valeric  add,  of  Wallach's  "menthonensaiu-e"^  (a  decencric 
add)  and  of  Schneegans'  decenoic  add*  have  been  prepared,  and  were  all 
f6und  to  be  pungent  substances.  As  none  of  them  have  crystallized,  they 
cannot  be  described  at  present. 

Pungency. 

Capsaicin  and  the  related  substances  described  are  practically  devoid 
of  odor  and  flavor. 

The  rdative  pungency  of  these  substances  was  determined  by  ascer- 
taining the  minimtun  amount  necessary  to  cause  a  distinct  btunii^  on  the 
tip  of  the  tongue. 

It  was  found  that  Vaooo  mg.  of  capsaicin  could  be  detected  by  this  means, 
and  comparisons  were  made  with  that  amount  of  capsaicin  as  a  standard. 
An  alcoholic  solution  of  capsaicin  was  prepared  of  such  a  concentratkni 
that  one  drop  from  a  pipet  giving  80  drops  to  the  cc.  contained  the  required 
amotmt.  One  drop  was  evaporated  on  a  small  microscopic  cover  glass 
and  placed  on  the  tongue,  and  the  intensity  of  the  sensation  and  its  dura- 
tion noted. 

Alcoholic  solutions  of  the  substances  to  be  tested  were  diluted  until 
the  residue  of  a  drop  from  the  same  pipet  gave,  as  nearly  as  could  be  de- 
termined, the  same  degree  of  pungency.  It  is  self-evident  that  such  a 
comparison  can  only  be  approximate.  The  tests,  therefore,  were  repeated 
by  several  persons,  in  order  to  eliminate,  so  far  as  possible,  the  personal 
equation.    The  results  are  expressed  on  a  percentage  scale,  the  pungency 

*  Ann.,  312,  197  (1900). 
«/&«/.,  227,  85  (1885). 
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of  capsaiciii  being  taken  as  loo.    The  moderately  pungent  substances 
were  not  considered. 

Tabi^e  I. — Comparative  Pungencies. 

Vanillyl  n-hexoylamide 5 

Vanillyl  n-heptoylamide 25 

Vanillyl  n-octoylamide 75 

Vanillyl  fi-nono^iamide 100 

Vanillyl  n-decoylamide 50 

Vanillyl  n-undecoylamide 25 

Vanillyl  n-dodecoylamide 25 

Vanillyl  tindecenoylamide 25 

This  method  was  checked  by  the  method  of  Pearson,^  i.  e.,  by  dilution 
until  pungency,  was  barely  perceptible  when  a  few  drops  of  the  solutions 
were  tasted. 

Zingerone,*      (4  -  hydroxy  -  3  -  methoxy  -  phenylethylmethyl       ketone), 
CH,0 

HO — ^     yCH2CHaCOCH8,  one  of  the  pungent  principles  of  ginger,  is  far 

less  pungent  than  capsaicin.    A  direct  test  upon  the  tongue,  as  described 
above,  as  well  as  a  test  by  Pearson's  method,  showed  it  to  have  approxi- 
mately one-thousandth  the  ptmgency  of  capsaicin.    Vanillyl  acetamide, 
CH3O 

HO — ^     yCHaNHCOCHi,  notwithstanding  its  structtu-al  similarity  to 

zingerone,  is  not  pungent. 

The  property  of  pungency  would  seem  to  be,  to  some  extent,  dependent 
upon  solubility.  Zingerone  is  sparingly  soluble  in  water  and  easily  soluble 
in  most  of  the  organic  solvents,  with  the  exception  of  petroleum  ether. 
It  thus  corresponds  with  the  more  pungent  of  the  vanillyl-acyl  amides. 
Vanillyl  acetamide,  on  the  other  hand,  is  quite  soluble  in  water,  but  diffi- 
cultly soluble  in  ether. 

Backman'  shows  that,  in  order  for  a  substance  to  be  odorous,  it  must 
be  sufficiently  soluble  in  both  water  and  lipoids,  since  the  cells  of  the  nose 
are  covered  with  a  watery  fluid,  while  they  themselves^contain  lipoid  gran- 
tdes. 

Durrans,^  in  a  valuable  paper  on  the  relationship  between  odor  and  chem- 
ical constitution,  concludes  that  "a  high  molecular  weight  undoubtedly 
suppresses  an  odor,  but  a  moderate  molecular  weight  increasesjt."  The 
foUowing  table,  given  by  Dturans,  expresses  this  relation: 

^  Pkarm.  /.,  103,  78  (1919)- 

'Nomura,  /.  Trans.  Chem,  Soc.,  iii,  769  (19 17);    Lapworth,  et  al.,  J,  Trans. 
Ckem,  Soc.,  iii,  777,  79©  (1917). 

•  /.  phystd.  path,  gen.,  17,  i  (1917)- 

*  Perfumery  Essent.  Oil  Record,  zo,  104  (191 9). 
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Rblation  bbtwebn  Molecular  Weight  and  Intensity  op  Odob.. 

Odor  develops.  Maximum  odor.  Odor  lost. 

Aliphatic  saturated  alcohols C%  Ct  Cm 

Aliphatic  saturated  aldehydes Ci  Cit  Cm 

Aliphatic  saturated  ketones Cg  Cu  Cm 

Aliphatic  saturated  adds Ci  Ct  Cm 

Aliphatic  saturated  esters Cf  Ct  Ci? 

In  the  absence  of  a  scientific  method  for  the  classification  and  measure- 
ment of  odors,  any  attempt,  such  as  the  above,  to  correlate  odor  mth  chem- 
ical constitution  must  necessarily  be  largely  empirical.  It  is,  however, 
interesting  to  note  that  the  increase  in  ptmgency  to  a  maximum  and  sub- 
sequent decrease  with  increasing  molecular  weight  would  seem  to  nm  closely 
parallel  with  the  variations  of  odor  in  series  of  organic  substances  brought 
out  by  Durrans. 

Siunmary  and  Co4clusion8. 

The  condensation  products  of  vanillyl  amine  with  acetic,  i^opionic, 
butyric,  isobutyric,  n-hexoic,  «-heptoic,  «-octoic,  n-nonoic,  n-decdc, 
n-undecoic,  n-dodecoic,  crotonic,  undecenoic  and  benzoic  adds  have  been 
prepared  and  described. 

In  the  homologous  series  of  the  derivatives  from  saturated  fatty  adds, 
the  solubiUty  in  water  decreases  with  rising  molecular  wdght,  while  the 
solubility  in  ether  increases;  whereas  ptmgency  increases  until  it  readies 
a  maximum  in  vanillyl  n-nonoylamide,  then  decreases  or  changes  in 
character  as  the  molecular  wdghts  increase. 

Condusions  as  to  the  effect  ot  a  double  bond  in  the  side  chain  cannot 
at  present  be  drawn,  as  only  two  derivatives  of  the  acrylic  add  series  have 
been  prepared.  Comparison  of  one  of  these  (vanill3rl  undecenoylamide) 
with  the  corresponding  saturated  derivative,  however,  seems  to  indicate 
that  the  double  bond  may  not  increase  the  pungent  taste  but  may  increase 
the  other  irritating  properties. 

Wasbdiotom,  D.  C. 
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[Contribution  from  the  Laboratoribs  op  the  Rockbpeixbr  Institute  for 

Medicaid  Research.] 

SYNTHESES  IN  THE  CINCHONA  SERIES,    m.  AZO  DTES  DE- 
RIVED FROM  HTDROCUPREINE  AND  HTDROCUPREIDINE. 

Bt  MTCIfAltf>  HEIDELBERGER  AND  WALTER  A.  JACOBS. 
Received  October  6,  1919. 

The  subject  matter  of  this  and  the  previotis  paper  (p.  2090)  was  presented 
at  the  June  meeting  of  the  New  Yotk  Section  of  the  American  Chemical 
Society.  Three  months  later,  while  the  present  material  was  being  pre- 
pared for  publication  we  received  the  paper  of  Giemsa  and  Halberkann^ 
on  "Azo-5  and  Amino-5  Compounds  of  Cupreine,  Hydrocupreine  and 
their  Methyl  and  Ethyl  Ethers/'  in  which  the  idea  of  azo-dnchona  com- 
pounds is  elaborated,  although  only  one  of  the  substances  described  in 
the  present  paper  (^-sulfo-phenylazo-hydrocupreine)  was  studied.  The 
work  which  we  now  report  has  been  in  progress  for  over  two  years  and 
represents  but  a  portion  of  the  studies  which  we  are  making  in  the  field 
of  the  cinchona  alkaloids.^  Among  our  objects  in  studying  the  azo  de- 
rivatives ot  the  hydroxy  alkaloids  was  the  reduction  of  suitable  members 
to  the  amino  alkaloids,  which  we  now  see  has  also  been  accomplished  by 
the  German  workers.  As  far  as  5-aminohydrocupreine  is  concerned,  we, 
too,  prepared  this  interesting  compound  almost  two  years  ago,  and  since 
our  work  with  it  and  analogous  substances  is  still  in  progress,  we  shall  re- 
serve otu*  discussion  of  the  amino  alkaloids  for  a  future  paper. 

We  have  found  that  hydrocupreine  and  hydrocupreidine  behave  in  a 
normal  manner  as  phenolic  compounds  and  yield  well-defined  azo  dyes 
with  diazotized  aromatic  amines. 

We  have  assumed  from  the  first  that  position  5  {ana)  in  the  quinoline 
nucleus  is  the  place  of  entrance  of  the  azo  group 

CH 

HCH)iCIla 


N 
since  this  is  the  only  available  position  which  would  satisfy  the  usual  rules 
of  substitution  for  a  6-hydroxy-quinoline  derivative,  a  conclusion  also 
arrived  at  by  Giemsa  and  Halberkann. 

»  Ber.,  52,  906  (1919). 

*  For  Paper  I  of  this  series,  see  Tms  Journal,  41,  818  (1919). 
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Of  the  dyes  prepared  by  us  from  a  large  variety  of  aromatic  amines  the 
majority  crystallized  without  diflSculty  or  formed  crystalline  salts,  and 
while  others  could  not  be  made  to  crystallize  we  are  convinced  that  methods 
for  their  crystallization  could  have  been  found  in  a  more  detailed  and  time- 
consuming  study  than  we  were  able  to  give.  In  general,  the  phenyl  and 
tolyl  dyes,  as  well  as  those  with  m-substituents  on  the  benzene  ring  gave 
orange  to  orange-red  solutions  in  dil.  adds  and  dyed  silk  various  shades 
of  orange;  o-  and  /'-alkoxy  groups  deepened  these  colors  toward  the  red, 
while  the  dyes  from  the  naphthylamines  dyed  silk  a  deep  rose  color.  As 
a  dass  these  substances  had  the  property  of  d3reing  unmordanted  cotton, 
a  property  also  shared  by  5-phenylazo-6-hydroxyquinoline,^  which  was 
prepared  for  comparison. 

While  the  crystalline  d3^es  which  did  not  contain  negative  salt-forming 
groups  on  the  aromatic  amine  were  generally  only  .slightly  soluble  in  cdid 
N  aqueous  alkali  and  only  incompletdy  on  boiling,  solutions  of  the  dyes 
in  a  little  alcohol  gave  dear ,  deep  red  to  purplish  red  sdutions  on  dilution  with 
N  soditun  hydroxide.    All  of  the  dyes,  of  course,  were  soluble  in  dil.  adds. 

Many  of  the  substances  described  in  this  paper  were  highly  bactericidal 
in  vitro,  a  property  whidi  will  be  discussed  in  the  appropriate  place  by  our 
colleague.  Dr.  Martha  Wolstein. 

Experimental. 

Since  the  azo  compounds  to  be  described  in  the  following  pages  were 
all  prepared  by  essentially  the  same  technique  this  will  be  given  at  the 
start,  and  in  cases  in  which  modifications  proved  necessary  these  will 
be  described  tmder  the  individual  compounds. 

The  aromatic  amine  was  diazotized  as  usual  in  dil.  hydrochloric  add 
solution  containing  4  equivalents  of  the  add.  The  solution  was  then  slowly 
added  to  a  tiurbined  solution  of  hydrocuprdne  in  dil.  sodium  hydroxide, 
the  quantity  of  the  latter  being  6  equivalents,  or  2  in  excess  of  the  amount 
of  hydrochloric  add  originally  employed,  this  having  been  chosen  in  order 
to  hold  the  alkaloid  in  solution  during  the  coupling.  The  volume  of  the 
alkaline  solution  was  from  100  to  150  cc.  for  3.1  g.  (o.oi  mol.)  of  the  base  and 
the  temperatiure  during  the  coupling  was  kept  at  ia-15**.  As  a  rule  the 
coupling  proceeded  rapidly,  the  dye  in  most  cases  separating  during  the 
reaction  as  a  flocculent  predpitate.  In  most  instances  predpitation  was 
completed  by  the  final  addition  of  ammonitun  chloride  solution.  After 
filtering  off  and  washing,  the  dye  was  purified  by  grinding  under  very  dilute 
hydrochloric  add,  filtering  from  insoluble  material,  and  repredpitating 
from  the  diluted  filtrate  with  ammonia. 

(A)  Dyes  Derived  from  Hydrocupreine. 

Phenylazo-hydrocupreine. — On     adding    insufiSdent    ammonia    for 
neutralization  to  the  dil.  hydrochloric  add  solution  of  the  crude  product 
1  Math€us,  Ber,,  az,  1643  (1888). 
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a  tarry  precipitate  which  separated  was  filtered  off  before  making  alkaline 
with  ammonia.  The  dye  was  obtained  in  slightly  greater  yield  than  the 
amomit  of  hydrocupreine  used  and  forms  an  orange-red,  amorphous  powder 
which  is  readily  soluble  in  the  usual  organic  solvents.  It  gradually  softens 
above  85**,  melting  completely  at  about  130**.  It  is  soluble  in  dil.  adds 
with  an  orange  color  and  although  insoluble  in  too  dilute  sodium  hydroxide 
it  dissolves  in  2%  alkali  with  a  cherry-red  color.  It  gives  a  deep  orange- 
brown  solution  in  cone,  sulfuric  acid. 

Subs.,  0.1364:  15.3  cc.  N  (19.0",  754  nun.). 
Calc.  for  Ci^s80sN4:  N,  13.46.    Found:  13.02. 

Phenylazo-hydrocupreine  Dihydrochloride. — ^The  purified  base  was 
dissolved  in  a  small  volume  of  10%  hydrochloric  acid,  chilled,  and  seeded 
with  crystals  obtained  by  dissolving  a  test  portion  in  i  :  i  hydrochloric 
add  and  adding  saturated  salt  solution.  After  standing  in  the  ice  box, 
the  salt  was  recrystaUized  from  a  small  volume  of  10%  hydrochloric  add 
and  let  stand  at  0°,  separating  as  dark  red,  fdted  needles  containing  4 
molecules  of  water  of  crystallization.  When  rapidly  heated  to  180°, 
then  slowly,  the  anhydrous  salt  decomposes  at  18 1-3®  with  preliminary 
darkening  and  sintering,  and  dissolves  readily  in  the  cold  in  water,  al- 
cohol, methyl  alcohol,  or  chloroform.  It  is  almost  insoluble  in  dry  ether 
or  hot  benzene  and  only  sparingly  soluble  in  hot  dry  acetone.  An  aqueous 
solution  is  readily  decolorized  by  stannous  diloride  with  the  formation  of 
aniline  hydrochloride  and  the  hydrochloride  of  aminohydrocupreine. 

For  analysis  the  salt  was  dried  in  vacuo  first  at  room  temperature  over 
sulfuric  add  and  crushed  alkali  and  finally  at  80^  over  sulfuric  add. 

Subs.,  air-dry,  0.5910:    loss,  0.0768. 

Calc.  for  CttHj8O1N4.2HCl.4H1O:  HiO,    12.84.    Found:  12.99. 
Subs.,  anhydrous,  0.1325:  13.0  cc.  N   (23.0",  760  mm.).    Subs.,  0.1038:  AgCl, 
0.0578. 

Calc.  for  C»Hi80iN4.2HCl:  N,  11.45;  CI,  14.49.    Found:  N,  11.32;  CI,  13.78. 

o-Tolylazo-hydrocupreine. — ^The  piuified  amorphous  dye  was  dis- 
solved in  a  small  volume  of  hot  absolute  alcohol,  chilled,  and  seeded  with 
crystals  formed  by  the  spontaneous  evaporation  of  an  alcohoUc  solution 
of  a  test  portion.  The  dye  slowly  crystallized  as  deep  red,  sphendar  masses 
of  microscopic  crystals  which  darken  and  sinter  above  100°,  mdting  to  a 
tar  from  no  to  130**.  It  is  readily  soluble  in  boiling  methyl  or  ethyl  al- 
cohol, sparingly  at  o**,  and  dissolves  very  easily  in  diloroform  or  benzene, 
less  readily  in  dry  acetone.  It  dissolves  in  cone,  sulfiuic  add  with  an 
orange-red  color  and  partially  in  hot  5%  sodiiun  hydroxide,  yidding  a 
cherry-red  solution.    In  dilute  adds  the  color  is  orange-red. 

Subs.,  0.1413:  16.2  cc.  N  (24.o^  758.5  mm.). 

Calc.  for  CmHsoOiN4:  N,  13.02.     Pound:  13.16. 

w-Tolylazo-hydrocupreine, — ^The  purified  base  was  obtained  in  good 
yidd  as  an  orange-red,  amorphous  powder  which  is  readily  soluble  in  the 
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usual  neutral  organic  solvents,  and  is  quite  soluble  in  cold  N  sodium 
hydroxide  and  practically  completely,  on  boiling,  forming  a  dull  red  solu- 
tion. It  gradually  melts  above  103**  with  preliminary  sintering,  becoming 
completely  fluid  at  125-30**. 

Subs.,  0.1 119:  12.6  cc.  N  (27.0®,  765  mm.). 

Calc.  for  Cj|H|flOiN4:  N,  13.02.    Pound:  12.89. 

The  Dihydrochloride. — ^The  base  was  rubbed  under  suflScient  cone, 
hydrochloric  add  to  give  a  reaction  strongly  add  to  congo  red  paper  and 
the  solution  diluted  with  dry  acetone.  On  adding  dry  ether  until  a  sUght 
permanent  tiurbidity  formed  the  salt  gradually  separated  on  standing  and 
rubbing  as  aggregates  of  red,  microscopic  crystals.  After  air-drying, 
the  salt  contained  approximately  1.5  molecules  of  water  of  crystallization. 
When  anhydrous  it  darkens  and  softens  above  160**  and  decomposes  at 
about  195**.  It  is  very  easily  soluble  in  dry  methyl  alcohol,  less  easily  in 
absolute  alcohol.  It  dissolves  with  difficulty  in  dry  acetone  or  chloroform 
but  is  quite  soluble  in  the  latter  on  boiling.  It  is  readily  soluble  in  water 
with  a  reddish  orange  color. 

Subs.,  0.6548 :    loss,  0.0373  in  vacuo  at  room  temp,  over  H1SO4  +  NaOH. 
Calc.  for  Cj|HiflOiN4.2HCl.i.5HiO:  H,0,  5.70.    Foimd:  5.09. 
Subs.,  anhydrous,  0.1034:  10. i  cc.  N  (26.0**,  757  mm.).    Subs.,  0.1442:  AgCl, 
0.0832. 

Calc.  for  C»HioOiN4.2HCl:  N.  11. 14;  CI,  14.09.    Found:  N,  ii.ii;  CI,  14.27. 

^Tolylazo-hydrocupreine. — ^The  crude  dye  was  made  to  crystallize 
by  warming  with  85%  alcohol,  the  separation  being  completed  after  cool- 
ing by  the  cautious  addition  of  about  Vs  volume  of  water.  Recr3r5tallized 
from  amyl  alcohol,  in  which  it  dissolves  readily  at  the  boiling  point  and 
sparingly  in  the  cold,  it  forms  glistening,  orange-red  leaflets.  When 
rapidly  heated  to  200**,  then  slowly,  the  dye  mdts  at  202-5**  with  gas  evo- 
lution and  preUminary  softening.  It  is  rather  sparingly  soluble  in  the 
cold  in  absolute  methyl  or  ethyl  alcohol  or  acetone,  but  quite  readily  on 
wanning,  and  also  dissolves  easily  in  chloroform  or  toluene.  The  solution 
in  cone,  sulftuic  add  is  bright  red,  and  orange-red  in  dil.  adds. 

Subs.,  0.1511:  17.2  cc.  (N  26.5 •,  752  mm.). 
Calc.  for  Ci«HjoOiN4:  N,  13.02.    Found:  12.84. 

o-Naphthylazo-hydrocupreine. — On  dissolving  the  purified  dye  in 
dry  acetone  it  separated  almost  immediatdy  as  glistening,  copper-colored* 
diamond-shaped  platelets.  It  separates  f^om  alcohol  as  deep  maroon 
plates  with  a  bronzy  luster,  which  crush  to  a  dark,  purplish  red  powder 
and  mdt  slowly  to  a  tar  at  1 46-9  ^  with  prdiminary  sintering.  It  is  soluble 
in  hot  alcohol  or  acetone,  more  so  in  the  cold  in  methyl  alcohol  or  benzene, 
very  readily  in  chloroform,  and  only  sparingly  in  dry  ether  and  in  hot  diL 
sodium  hydroxide.  It  yidds  a  bright  red  solution  in  dil.  hydrodiloric 
add  and  a  deep  blue  color  in  cone,  sulfuric  add. 
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Subs.,  0.1232:  13 .0  cc.  N  (20.5®,  756  mm.). 
Calc.  for  CsfHaoOsN4:  N,  12.02.    Found:  12.21. 

jS-Naphthylazo-hydrocupreine. — In  the  purification  of  the  crude  dye 
it  was  found  necessary  to  use  warm  dil.  hydrochloric  add,  as  the  hydro- 
chloride tended  to  separate  from  cold  solutions  in  gelatinous  form.  Re- 
crystallized  from  amyl  alcohol,  in  which  it  is  soluble  only  near  the  boiling 
point,  the  base  separates  as  glistening,  woolly,  scarlet  needles  which  de- 
compose at  240-4  ^.  The  solution  in  dil.  hydrochloric  add  is  bright  orange- 
red,  while  that  in  sulfuric  add  is  deep  violet.  It  is  soluble  in  chloroform 
but  only  very  diflScultly  soluble  in  alcohol,  dry  acetone  or  benzene,  and  is 
insoluble  in  hot  dil.  sodium  hydroxide  solution. 

Subs.,  0.1037:  ii.o  cc.  N  (21.5®,  754  mm.). 
Calc.  for  CsfHsoOsNi:  N,  12.02.    Found:  12.20. 

Diphenyl-^bisazo-hydrocupreine. — 1.4  g.  of  benzidine  were  dissolved 
in  hot  water  containing  13  g.  of  cone  hydrochloric  add,  chilled,  and  di- 
azotized  with  1.05  g.  of  soditun  nitrite.  The  solution  was  coupled  with 
4.5  g.  of  hydrocupreine  dissolved  in  180  cc.  of  iV  sodium  hydroxide  diluted 
to  300  cc.  The  resulting  dye  was  purified  in  the  usual  manner,  yidding 
4.5  g.  of  an  amorphous  product.  When  dissolved  in  pyridine,  filtered, 
and  cautiously  treated  with  water  the  dye  predpitated  as  a  dubiously 
crystalline,  ptuplish  brown  powder.  It  mdts  to  a  tar,  with  preliminary 
sintering,  above  204**  and  decomposes  at  about  220**.  The  dye  is  easily 
soluble  in  chloroform,  sparingly  in  absolute  alcohol  or  benzene,  and  very 
difficultly  in  dry  ether.  It  dissolves  in  dil.  adds  with  a  deep,  purplish 
red  color  and  only  partially  in  boiling  N  sodium  hydroxide  solution  with  a 
dull  red  color.   The  solution  in  cone,  sulfuric  add  is  an  intense  violet-blue. 

Subs.,  0.1 178:  13.3  cc.  N  (28.0*,  758  mm.). 
Calc.  for  CftoHMOiNg:  N,  13.49.    Found:  12.77. 

m-Nitrophenylazo-hydrocupreine. — Modification  of  the  usual  pro- 
cedure was  necessary  in  this  case,  as  otherwise  the  yield  was  very  poor. 
2.1  g.  of  w-nitraniline  were  cQssolved  by  heating  with  12.7  g.  of  cone, 
hydrochloric  add  and  about  an  equal  voliune  of  water,  rapidly  chilled  to 
form  a  paste  of  small  crystals  of  the  hydrochloride,  and  diazotized  bdow 
10°  with  a  cone,  sodium  nitrite  solution.  A  solution  of  4.5  g.  of  hydro- 
cupreine was  prepared  with  200  cc.  of  N  sodiiun  hydroxide,  diluting  to 
300  cc.  and  cautiously  adding  14.3  g.  of  sodiiun  bicarbonate  (enough  to 
combine  with  all  but  2  equivalents  of  the  free  alkali),  stirring  until  dear, 
and  chilling  to  10-15  °.  After  slowly  adding  the  diazo  solution  and  stirring 
for  15  minutes,  the  orange  dye  was  filtered  off  and  purified  in  the  usual 
way,  a  rdativdy  large  amount  of  add-insoluble  by-products  remaining 
on  the  filter.  The  purified  product  was  dissolved  in  boiling  alcohol  and 
separated  on  cooling  and  rubbing.  Recrystallized  from  alcohol  it  forms 
aggregates  of  red  platdets  with  an  orange  luster,  whidi  mdt  at  150.5- 
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1.5®  to  a  turbid  liqtiid  and  yidd  an  orange-red  powder  when  crushed. 
It  dissolves  in  cone,  sulfuric  acid  or  in  dil.  adds  with  a  red-orange  color 
and  gives  a  deep  red  solution  in  boiling  N  sodium  hydroxide.  It  is  quite 
readily  soluble  in  boiling  absolute  methyl  or  ethyl  alcohol,  somewhat 
sparingly  in  the  cold,  but  dissolves  more  easily  in  cold  acetone,  benzene, 
or  phloroform. 

Subs.,  0.1 164:  15.3  cc.  N  (26.0**,  762  mm.)- 
Calc.  for  C»Ht704N»:  N,  15.19.    Found:  15.05. 

^Nitrophenylazo-hydrocupreine. — ^A  diazotized  ^-nitraniline  sdu- 
tion  was  slowly  added  to  a  solution  of  hydrocupreine  prepared  in  exactly 
the  same  way  as  in  the  preceding  case.  The  brown-orange  precipitate 
of  the  dye  was  washed  with  water,  sucked  as  dry  as  possible,  and  added 
to  boiling  alcohol,  a  portion  beginning  to  crystallize  even  from  the  boiling 
solution.  Recrystallized  from  butyl  alcohol  it  forms  brown-red,  glisten- 
ing plates  and  flat  prisms  which  appear  orange  imder  the  microscope  and 
crush  to  an  orange-red  powder.  The  substance  gradually  darkens  and 
softens  above  200 '^  and  melts  and  decomposes  at  about  220^.  It  dissolves 
in  cone,  sulfuric  add  or  in  dil.  adds  with  a  red-orange  color  and  gives  a 
deep  purple  solution  in  boiling  N  sodium  hydroxide.  It  is  rather  sparingly 
soluble  even  in  boiling  absolute  alcohol  or  dry  acetone,  somewhat  more 
easily  in  boiling  methyl  alcohol,  and  is  quite  soluble  in  boiling  benzene, 
difficultly  in  the  cold.    Cold  chloroform  dissolves  it  very  readily. 

Subs.,  0.12 18:  16.3  cc.  N  (25,5**,  761  mm.). 
Calc.  for  CjsHjtOiNs:  N,  15.19.    Found:  15.32. 

m-Acetaminophenylazo-hydrocupreine. — In  the  case  of  m-amino 
acetanilide  hydrochloride^  after  coupling  was  complete  the  dye  was  thrown 
out  from  the  deep  pmple  solution  by  the  addition  of  ammonitun  chloride. 
As  it  showed  a  tendency  to  run  through  the  filter  when  washed  with  water, 
a  little  ammonia  was  added  to  the  wash  water,  inhibiting  this  tendency. 
The  piuified  substance  forms  a  deep  maroon,  amorphous  powder  with  a 
greenish  reflex  which  slowly  mdts  from  155  to  180®  after  prdiminary 
darkening  and  sintering.  It  gives  a  brown  solution  in  cone,  sulfuric  add 
appearing  red-brown  by  transmitted  Ught,  and  a  deep  red  color  in  dil. 
hydrochloric  add.  It  mdts  under  dry  methyl  or  ethyl  alcohol  and  dis- 
solves partially,  forming  deep  red  solutions.  It  is  rather  sparingly  soluble 
in  dry  acetone  but  dissolves  readily  in  chloroform.  The  color  in  dil. 
sodium  hydroxide  solution  is  a  deep  piuplish  red. 

Subs.,  0.1048:  13.8  cc.  N  (25.0®,  758  mm.). 

Calc.  for  Cj7HnO»N»:  N,  14.80.    Found:  15.04. 

m  -  TTraminophenylazo  -  hydrocupreine. — m-Aminophenylurea   hydro- 
chloride* coupled  almost  at  once,  forming  a  deep  purple  solution  from 
^  Tms  JouRNAi,,  39,  1448  (191 7). 
^Jbid.,  39,  1449  (1917). 
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which  the  dye  was  precipitated  with  ammonium  chloride  as  orange  flocks 
which  tended  to  form  a  colloidal  solution  on  washing  with  water.  Addi- 
tion of  a  few  drops  of  ammonia  to  the  wash  water  diminished  this  tendency. 
The  purified  dye  forms  an  amorphous  powder  which  darkens  and  sinters 
above  140°  and  gradually  melts,  swells,  and  decomposes  at  165-85°. 
It  dissolves  in  dil.  hydrochloric  add  with  an  orange-red  color  and  in  dil. 
alkali  giving  a  cherry-red  solution.  The  solution  in  cone,  sulfuric  add 
b  a  deep  brown-orange.  The  dye  mdts  imder  dry  methyl  or  ethyl  alco- 
hol and  then  dissolves,  more  easily  in  the  former.  It  is  less  soluble  in 
dry  acetone  or  chloroform  and  only  very  slightly  in  boiling  water. 

Subs.,  0.1077:  17.2  cc.  N  (25.0®,  753  mm.). 

Calc.  for  CMHsoOtNf:  N,  17.72.    Found:  18.13. 

p-AminophenyUtzo-hydrocupreine. — ^The  acetamino  compound  (see 
bdow)  was  boiled  for  one  hour  with  5  parts  of  i  :  i  hydrochloric  add  and 
the  solution  diluted,  filtered,  and  made  alkaline  with  ammonia.  Re- 
predpitated  with  ammonia  from  its  solution  in  very  dil.  hydrochloric 
add,  it  separates  as  purplish  brown,  amorphous  flocks  which  mdt  at  155- 
65°  with  preliminary  softening.  It  is  sUghtly  soluble  in  cold  water  with 
a  purplish  color,  more  easily  in  boiling  water  with  a  brownish  red  color, 
and  yidds  an  orange-brown  solution  in  cone,  sulfuric  add.  An  aqueous 
suspension  dissolves  with  a  deep  red  color  on  adding  a  drop  of  acetic  add, 
dianging  to  orange-brown  with  excess  of  hydrochloric  add.  It  dissolves 
readily  in  methyl  or  ethyl  alcohol,  acetone,  or  chloroform,  less  easily  in 
cold  benzene. 

Subs.,  0.1 152:  15.6  cc.  N  (22.5®,  765  mm.). 

Calc.  for  C»Ht»OjN»:  N,  16.24.    Found:  15.75. 

^Acetaminophenylazo-hydrocupreine. — ^Predpitation  of  the  dark  red 
dye  was  completed  by  the  addition  of  ammonitun  chloride.  On  diluting 
a  methyl  alcoholic  solution  oi  the  purified,  amorphous  substance  with 
water  imtil  the  initial  turbidity  just  redissolved,  and  seeding  with  crystals 
deposited  on  spontaneous  evaporation  of  a  test  portion  in  methyl  alcohol, 
the  substance  crystallized  slowly  as  deep  maroon,  glistening,  microscopic 
rhombs  containing  1.5  molecules  of  water  of  crystallization,  the  separation 
being  completed  by  the  cautious  addition  from  day  to  day  of  small  amounts 
<rf  hot  water.  The  anhydrous  substance  mdts  to  a  tar  at  158-62**  with 
preliminary  softening.  It  dissolves  readily  in  methyl  or  ethyl  alcohol, 
or  acetone,  less  easily  in  benzene.  In  dil.  sodium  hydroxide  it  forms  a 
purple-red  solution  and  dissolves  in  cone,  sulfuric  add  with  an  orange- 
red  color. 

Subs.,  air-dry,  0.3677:  Loss,  0.0201  in  vacuo  at  80®  over  H1SO4. 

Calc.  for  C«7HiiO|Ni,i.5H|0:  HjO,  540.    Found:  5.47. 

Subs.,  anhydrous,  0.1308:  17.4  cc.  N  (25.5 ^  747  mm.). 

Calc.  for  CjtHiiOiNi:  N,  14.80.    Found:  i4-95. 
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/^-Uraminophenylazo-hydrocttpreine. — ^The  purified  dye  from  ^amino- 
phenylurea^  was  dissolved  in  a  rather  large  volume  of  85%  alcohol  and 
cautiously  diluted  with  water  until  the  turbidity  just  redissolved.  On 
standing  and  rubbing  crystallization  slowly  started  and  was  aided  from 
time  to  time  by  the  careful  addition  of  water.  The  substance  formed 
deep  maroon,  rhombic  oystals  accompanied  by  small  amounts  of  amor- 
phous material,  but  the  amount  obtained  was  too  small  for  further  purifica- 
tion. The  anhydrous  substance  blackens  and  sinters  above  1 70**  and  swells 
and  chars  at  about  190®.  It  melts  imder  absolute  methyl  or  ethyl  alcohol 
and  dissolves  partially,  but  is  not  very  soluble  even  on  boiling.  It  is 
sparingly  soluble  in  hot,  dry  acetone  or  chloroform,  and  dissolves  in  cone, 
sulfuric  add  with  a  deep  red  color.  The  solution  in  dil.  alkali  is  purplish 
red  and  red  in  dil.  acid. 

Subs.,  0.1276:  20.2  cc.  N  (26.0",  756  mm.). 
Calc  for  dsHioOiNc:  N,  17.72.    Pound:  17.99. 

p  -  Hydrozyphenylazo  -  hydrocupreine. — p  -  Benzoyloxy-phenylazo- 
hydrocupreine  dihydrochloride  (see  bdow)  was  dissolved  in  hot  95% 
alcohol  and  the  solution  chilled  and  treated  with  25%  sodium  hydroxide 
solution,  causing  precipitation  of  a  portion  of  the  dye  as  a  gum.  This  was 
redissolved  in  hot  95%  alcohol,  added  to  the  main  portion,  and  the  whde 
made  strongly  alkaline  with  25%  sodium  hydroxide.  After  about  10 
minutes  the  dark,  cherry-red  solution  was  potu^  into  water  and  treated 
with  an  excess  of  saturated  ammonitun  chloride  sdution,  precipitating 
the  hydroxy  dye,  which  was  filtered  oflF  and  dried.  When  starting  with 
the  quantities  given  below,  the  yield  was  4.0  g.  The  crude  dye  was  pow- 
dered and  boiled  with  dry  acetone,  crystallizing  before  all  was  dissolved. 
After  chilling  and  washing  with  a  little  cold,  dry  acetone  the  substance 
was  recrystallized  by  dissolving  in  hot  commercial  butyl  alcohol,  cooling, 
adding  an  equal  volume  of  dry  ether,  and  then  ligroin  to  incipient  turbidity, 
filtering,  seeding,  and  letting  stand  in  the  ice  box.  The  dye  separated  as 
sphendes  of  deep  maroon,  microscopic  needles  which  may  be  pulverized 
to  a  dark  brown-red  powder  and  retain  Vi  molecule  of  butyl  alcohol  of 
crystallization  on  drying  in  vacuo  over  caldtun  chloride  and  paraflSn, 
the  solvent  being  given  oflF  very  slowly  even  at  100**  in  vacuo  over  sulfuric 
add.  The  solvent-free  substance  gradually  mdts,  bladcens  and  swells 
at  150-60**  and  is  readily  soluble  in  dry  methyl  or  ethyl  alcohol  with  a 
brown-red  color.  It  is  less  soluble  in  cold  dry  acetone,  dissolving  on  boil- 
ing with  a  bright  red  color.  It  gives  an  intense  red  color  in  cone,  sulfoxic 
add,  appearing  purplish  in  thin  layers,  and  dissolves  in  dH.  hydrodiloric 
add  with  a  bright  red,  in  dil.  soditun  hydroxide  with  a  dierry-red  color. 
A  solution  in  warm  io%  hydrochloric  add  deposits  the  dihydrodiloride 
on  cooling  as  delicate,  red  needles. 
"  Tms  Journal,  39,  1456  (1917). 
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Subs.,  dried  at  room  temp.,  0.3740:    loss,  0.0304  in  vacuo  at  100®  over  H1SO4. 
Calc.  for  CsHtsO|N4.o.5C4HtOH:  7.89.    Found:  8.13. 
Subs.,  solvent-free,  0.1265:  14.2  cc.  N  (24.0®,  761  mm.). 
Calc.  for  CsiHstOiNi:  N,  12.96.    Found:  12.92. 

p  -  Benzoylozy  -  phenyUtzo  -  hydrocupreine  dihydrochloride. — ^3.6  g. 
of  ^aminophenyl  benzoate  were  diazotized  by  suspending  in  a  little  water, 
adding  5.5  g.  of  cone,  hydrochloric  add,  and  very  slowly  dropping  in  3.3 
cc  of  5  iV^  sodium  nitrite  solution.  The  filtrate  was  slowly  added  to  a 
solution  of  4.7  g.  of  hydrocupreine  in  120  cc.  of  AT  aqueous  sodium  hy- 
droxide, to  which  50  cc.  of  water  and  7.7  g.  of  sodium  bicarbonate 
(leaving  2  mols.  of  uncombined  alkali)  had  been  added  with  vigorous 
stirring.  The  dye,  which  separated  rapidly,  was  filtered  oflf,  dissolved 
in  dil.  hydrochloric  add,  the  solution  filtered,  and  treated  with  saturated 
salt  solution  until  the  initial  turbidity  just  redissolved.  On  seeding  with 
crystals  obtained  by  predpitating  a  portion  of  the  solution  with  soditun 
diloride  and  letting  stand,  the  dihydrochloride  separated  rapidly  and  was 
washed  with  10%  hydrochloric  add,  dissolved  in  50%  alcohol,  and  treated 
with  an  equal  voltune  of  the  10%  add.  On  seeding  and  chilling  the  di- 
hydrochloride separated  as  minute,  orange  needles  containing  2.5  molecules 
of  water  of  crystallization  and  dissolving  quite  fredy  in  water  with  a  red' 
orange  color,  leaving  a  trace  of  insoluble  material.  The  anhydrous  salt 
mdts,  blackens,  and  decomposes  at  about  185-95^,  and  dissolves  readily 
in  cold  dry  methyl  alcohol,  less  easily  in  absolute  alcohol.  It  is  sparingly 
soluble  in  boiling  dry  acetone,  more  easily  in  dry  chloroform.  It 
dissolves  in  cone,  sulfuric  add  with  an  intense  red  color,  appearing 
purplish  in  thin  layers,  the  same  colors  being  observed  in  the  dear 
solution  obtained  by  diluting  an  alcoholic  solution  with  N  aqueous 
soditun  hydroxide. 

Subs.,  air-dry,  0.6640:    loss,  0.0483  in  vacuo  at  room  temp,  over  HsSOi  +  NaOH. 

Calc.  for  CtsHa04N4.2HC1.2.5HsO:  H|0,  6.89.    Found:  727. 

Subs.,  anhydrous,  0.1239:  lo.o  cc.  N  (28.0*,  759  mm.).  Subs.,  0.2259:  AgCl, 
0.0998. 

Calc.  for  CBHti04N4.2HCl:  N,  9.20;  CI,  11.63.     Found:  N,  9.14;  CI,  10.93. 

2-Methozyphenylazo-hydrocupreine. — During  the  coupling  the  scarlet 
dye  separated  almost  immediatdy.  The  purified  substance  forms  a  dark 
red,  amorphous  powder  which  darkens  and  softens  above  105  **,  mdts  to 
a  tar  above  120°  and  is  completdy  fluid  at  about  160^.  It  is  easily  soluble 
in  alcohol,  acetone  or  benzene,  less  readily  in  ether.  It  dissolves  in  cone, 
sulfuric  add  with  an  intense  purplish  red  color  and  in  dil.  adds  with  a 
redder  shade  than  the  phenyl  or  tolyl  compoimds.  It  is  soluble  in  hot 
5%  sodium  hydroxide  solution  with  a  cherry-red  color. 

Subs.,  0.1076:  12.4  cc.  N  (30.0®,  752  mm.). 

Calc.  for  CjeHioOjNi:  N,  12.55.     Found:  12.85. 

3-MethozyphenylAzo-hydrocupreine. — ^The  crude  dye  from  2  g.  qC 
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m-anisidine^  was  dried  and  ground  in  a  mortar  with  about  25  cc  of  com- 
mercial butyl  alcohol.  The  substance  dissolved  and  then  quickly  crystal- 
lized out  in  a  yield  of  3.9  g.  RecrystaUized  from  butyl  alcohol  it  separates 
as  dark  red  rhombs  with  a  golden  luster,  crushing  to  an  orange-red  powder 
and  melting  at  188^90°,  with  slight  gas  evolution  and  preliminary  soften- 
ing. It  dissolves  only  partially  in  boiling  N  sodium  hydroxide  solution, 
but  if  dissolved  in  a  little  alcohol  and  then  diluted  with  N  soditun  hydroxide 
a  dear,  deep  cherry-red  solution  is  obtained.  The  dye  dissolves  in  dil. 
adds  with  an  orange-red  color  and  in  cone,  sulfuric  add  with  a  deep  brown- 
red  color.  It  dissolves  readily  in  cold  chloroform  and  rather  sparingly 
in  cold  benzene  but  readily  on  boiling.  It  is  difficultly  soluble  in  cold 
dry  methyl  or  ethyl  alcohol,  or  dry  acetone,  somewhat  more  easily  on  boil- 
ing. 

Subs.,  0.1202:  13.2  cc.  N  (24.0*,  763  mm.). 

Calc.  for  CjeHioOiN4:  N,  12.55.    Found:  12.68. 

4-Methox7phenylAZO-hydrocupreine. — ^The  crude,  washed  dye  was 
warmed  with  85%  alcohol,  rapidly  changing  to  the  crystalline  form.  Re- 
crystaUized from  amyl  alcohol  it  forms  deep  red,  glistening  plates  whidi 
decompose  with  gas  evolution  above  207°,  sintering  to  a  tar,  and  finally 
mdting  at  213-5°  ^^  further  gas  evolution.  It  dissolves  more  fredy 
in  chloroform  than  in  the  other  usual  solvents,  and  is  readily  soluble  in 
hot  benzene  or  amyl  alcohol,  sparingly  in  the  cold.  It  yidds  a  bright  red 
solution  in  dilute  adds  and  dissolves  in  cone,  sulfuric  acid  with  a  deep 
purple  color,  changing  to  deep  red,  with  a  purple  fluorescence. 

Subs.,  0.T409:  15.0  cc.  N  (21.0*,  754  mm.). 

Calc.  for  CisHi(yO|N4:  N,  12,55.    Found:  12.27. 

2-EthoxyphenylAzo-hydrocupreine. — ^The  yidd  of  the  purified  dye 
was  equal  to  the  hydrocuprdne  used.  It  forms  a  scariet,  amorphous 
powder,  less  easily  soluble  in  Ugroin  than  in  the  other  usual  neutral  (n-ganic 
solvents.  It  softens  at  about  100°,  mdts  gradually  above  no®,  and  is 
completely  fluid  at  135-40°.  It  dissolves  in  dil.  hydrochloric  add  with 
a  bright  red  color  and  is  sUghtly  soluble  in  cold  N  sodium  hydroxide  solu- 
tion, more  easily  on  boiling.  The  solution  of  the  dye  in  cone  sulfuric 
add  is  deep  reddish  piuple  by  reflected  light  and  ptuplish  red  by  trans- 
•mUfA/4  light. 

Subs.,  0.1146:  12.5  cc.  N  (31.0®,  758  mm.). 

Calc.  for  CaTHiiOjN*:  N,  12.17.     Found:  12.22. 

hoxyphenylazo-hydrocupreine. — ^The  yield  of  the  purified  dye 
ghtly  less  than  the  amount  of  alkaloid  used.  It  forms  an  orange- 
vder  which  is  less  easily  soluble  in  ligroin  or  ether  than  in  the  other 
aeutral  organic  solvents.  It  is  partly  soluble  in  the  cold  in  N 
I  hydroxide  solution  and  dissolves  in  dil.  hydrochloric  add  with  a 
HIS  JoyjiNAL,  41, 1452  (1919). 
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deep  orange-red  color.  It  gives  a  deep,  brown-red  color  in  cone,  sulfuric 
add.  The  substance  sinters  and  darkens  above  75°,  melts  slowly  above 
90  ^  and  is  completely  fluid  at  about  125**. 

Subs.,  0.1 1 13:  1 1.7  cc.  N  (27.0®,  758  mm.). 

Calc.  for  CstHssOsNi:  N,  12.17.    Found:  11.93. 

4-Ethox7phen7lazo-hydrocupreine. — A  ligroin  solution  of  the  purified, 
amorphous  dye  deposited  the  compound  on  standing  as  microscopic 
rhombs.  However,  the  dye  may  be  obtained  as  large,  almost  black 
rhombs  by  dissolving  in  hot  85%  alcohol,  cooling  to  o®,  diluting  very 
cautiously  with  water  imtil  the  initial  turbidity  just  redissolves,  seeding, 
and  letting  stand  in  the  ice  box.  The  crystals  weathered  in  the  air,  prob- 
ably owing  to  loss  of  water  of  crystallization.  The  pulverized  oystals 
form  a  bright  red  powder,  and,  when  anhydrous,  darken  and  soften  above 
100®  and  melt  at  156-61  ®  when  the  bath  is  slowly  heated.  The  substance 
melts  when  plunged  into  the  bath  at  130®.  It  dissolves  in  dil.  hydrodiloric 
acid  with  a  bright  red  color,  and  is  soluble  with  a  purplish  red  color  in  hot, 
dil.  sodium  hydroxide  solution.  It  dissolves  quite  easily  in  the  usual 
neutral  organic  solvents  with  the  exception  of  ligroin.  The  deep  red 
solution  in  cone,  sulfuric  add  appears  piuple  in  thin  layers  and  fluoresces 
purple. 

Subs.,  0.1369:  14.3  cc.  N  (21.5*,  755  mm.). 

Calc.  for  CnHnOaNi:  N,  12.17.     Found:  12.03. 

3i4-Meth7lenediozy-phen7lazo-h7drocupreine. — The  dried,  purified 
dye  was  dissolved  in  hot,  dry  acetone  and  the  cooled  solution  filtered  from 
a  little  insoluble  matter  and  seeded  with  crystals  obtained  by  allowing 
a  test  portion  to  stand  in  70%  alcohol.  The  substance  separated  on 
standing,  the  process  being  made  more  complete  by  the  addition  of  small 
portions  of  water  from  time  to  time.  As  obtained  in  this  way  it  forms 
deep  maroon,  apparently  microcrystalline  crusts  which  mdt  at  177-84® 
with  slow  gas  evolution  and  slight  preliminary  darkening  and  softening. 
It  dissolves  in  cone,  sulfuric  add  with  an  intense  blue  color  and  in  dil. 
adds  with  a  deep  red  shade.  A  suspension  in  boiling  N  sodium  hydroxide 
solution  dissolves  only  incompletdy,  but  on  diluting  an  alcoholic  solution 
with  N  soditun  hydroxide  a  dear,  deep  red  solution  is  obtained.  It  dis- 
solves easily  in  cold  chloroform,  less  readily  in  the  cold  in  dry  methyl  or 
ethyl  alcohol,  dry  acetcme,  or  benzene,  but  more  fredy  on  boiling. 

Subs.,  0.1255:  13,1  cc.  N  (24.5  •,  763  mm.). 

Calc.  for  CteHuOiNi:  N,  12.17.     Found:  12.02. 

3i4-Dimethoz7-phen7lazo-h7drocupreine. — ^Analysis  showed  that  the 
usual  purification  process  was  insuffident.  The  dye  was  accordingly 
dissolved  in  acetone  and  treated  with  ligroin  until  about  10%  had  been 
predpitated  as  dark  flocks.  The  mixtiu-e  was  filtered  and  the  filtrate 
shaken  out  with  water.    The  Ugroin  layer,  from  which  most  of  the  dye 


Digitized  by 


GooQle 


^142  BflCHAGL  HBtDELBERG^R  AND  WAI^TER  A.  JACOBS. 

had  separated,  dinging  to  the  walls  of  the  separatory  funnel,  was  shaken 
out  with  dil.  hydrochloric  add  and  the  solution  filtered,  diluted  to  large 
volume,  and  the  dye  predpitated  with  dil.  ammonia.  It  forms  a  red, 
amorphous  powder,  which  darkens  above  90^,  begins  to  melt  at  about 
iio^  and  is  completdy  fluid  at  about  i8o^  It  disscdves  in  dil.  adds 
with  a  bright  red  color,  in  dil.  alkali  with  a  cherry-red  color,  and  is  readily 
soluble  in  the  usual  neutral  organic  solvents  with  the  exception  of  ligroin. 
The  solution  in  cone,  sulfuric  add  is  an  intense  red-violet  in  thick  layers, 
and  blue-violet  in  thin  layers. 

Subs.,  0.1028:  10.8  cc.  N  (30.0®,  755). 

Calc  for  CtTHnOiN^:  N,  11.76.  Found:  11.77- 
3-Methozy-4-ethozyphenylAzo-hydrocupreine. — Purification  of  the 
dye  (from  hydrocupreine  and  diazotized  3-methoxy-4-ethoxyamline^) 
by  the  usual  process  failed  to  yield  a  pure  product,  so  the  dye  was  disserved 
in  a  small  volume  of  dry  acetone  and  freed  from  a  dark,  flocculent  impurity 
exactly  as  in  the  case  of  the  dimethoxy  compound.  It  forms  a  de^  red 
powder  whidi  b^;ins  to  darken  and  soften  at  about  80^,  gradually  mdts 
above  100  ^  and  is  completdy  fluid  at  about  135^  It  disserves  readily 
in  the  usual  neutral  organic  solvents  except  ligroin,  and  is  soluble  in  dil. 
sodium  hydroxide  with  a  cherry-red  color  and  in  dil.  adds  with  a  deep 
red  color.  The  solution  in  cone,  sulfuric  add  is  an  intense  violet,  appear- 
ing blue  in  thin  layers. 

Subs.,  0.1003:  9.8  cc.  N  (21.5*,  766  mm.). 

Calc  for  CnHuOiN^:  N,  11.43.    Found:  11.41. 

4  -  Methoxy  -  s  -  ethoxyphenylazo  -  hydrociqireine. — ^4  -  Methoxy  -  5- 
ethoxyaniUne'  was  diazotized,  coupled  with  hydrocupreine,  and  the  pro- 
duct purified  exactly  as  in  the  case  of  its  3,4-isomer.  The  3ddd  of  dait 
red,  amorphous  product  was  80%  of  the  alkaloid  taken.  It  was  not  en- 
tirdy  soluble  in  dil.  sodium  hydroxide  solution  and  dissolved  in  dil.  adds 
with  a  deep  red  color.  It  is  less  easily  soluble  in  ligroin  or  ether  than  in 
the  other  usual  neutral  organic  solvents.  The  dye  dissolves  in  ccmc.  sul- 
furic add  with  an  intense  violet  color,  appearing  redder  by  transmitted 
light  than  by  reflected  light.  It  softens  and  gradually  mdts  above  75^, 
becoming  completdy  fluid  at  about  120^. 

Subs.,  0.1308:  12.6  cc  N  (23.5®,  769  mm.}. 

Calc  for  CuHaiOiN^:  N,  11.43.    Found:  11.23. 

3^4  -  Dimethoxy  -  6  -  carboxyphenylazo  -  hydrocupreine. — ^After 
coupling  6-aminoveratric  add'  with  hydrocupreine  in  the  usual  way  the 

^  Tms  Journal,  41,  1461  (i9i9)> 

« Ibid,,  41,  1462  (1919). 

*  This  substance,  which  does  not  seem  to  have  been  previously  described,  was 
prepared  by  nitrating  methyl  veratrate  in  acetic  add  solution  with  fuming  nitric  add, 
reducing  to  the  amino  ester  (cf.  Zincke  and  Prancke,  Ann.,  293,  190  (1896))  with  a 
solution  of  stannous  chloride  in  methyl  alcoholic  hydrochloric  add,  diluting  with  ice  and 
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deep  red  solution  was  treated  with  atnmonitim  chloride,  precipitating  the 
dye  (not  the  salt  in  this  case)  as  a  brick-red  amorphous  precipitate.  This 
was  purified  with  the  aid  of  dil.  hydrochloric  add  and  the  filtrate  treated 
with  sodium  acetate  solution.  The  dye  forms  a  deep  maroon  powder 
which,  when  rapidly  heated  to  235  ^  then  slowly,  melts  and  decomposes 
at  236^.  It  is  rather  di£Eicultiy  soluble  in  the  usual  solvents  and  dissolves 
in  dil.  hydrochloric  add  with  a  dierry-red  color  and  in  dil.  sodium  hydroxide 
with  a  somewhat  brighter  red  shade.  The  color  in  cone,  sulfuric  add  is 
an  intense  violet. 

Subs.,  0.1224:  11.4  cc.  N  (27.0 •,  757  nun.). 

Calc.  for  CtsH||0»N4:  N,  10.77.    Found:  10.56. 

O  -  Phenylg^ycoUic  add  -  ^  -  azohydrocupreine,  p  -  HOjC.HjC.O.- 
C6H4N  :  NCijHttOaNs. — ^The  deep  purplish  red  solution  obtained  on 
coupling  p-aminophenoxyacetic  add^  was  addified  with  a  slight  excess 
of  acetic  add  and  the  deep  red  predpitate  filtered  off  and  heated  with 
85%  alcohol.  The  substance  began  to  crystallize  but  dissolved  entirdy 
on  adding  suffident  boiling  85%  alcohol.  The  solution  was  diluted  with 
about  ^1%  volume  of  water,  treated  with  a  few  drops  of  acetic  add,  and 
seede<|,  and  the  product  recrystalUzed  from  50%  alcohol,  separating 
rapidly  on  seeding  the  cooled,  supersaturated  solution  as  brilliant,  red 
needles  containing  4  molecules  of  water  of  crystallization.  An  aqueous 
suspension  dissolves  only  on  adding  a  considerable  excess  of  acetic  add, 
but  dissolves  easBy  on  adding  a  drop  or  two  of  dil.  sodium  cart^onate 
or  hydroxide  with  a  ptuplish  red  color,  changing  to  orange-red  on  addition 
of  hydrochloric  add.  When  rapidly  heated  to  195**,  then  slowly,  the  an- 
hydrous add  darkens,  softens,  and  sinters,  finally  mdting  at  199-200^ 
with  decomposition.  It  dissolves  readily  in  chloroform  or  acetone,  spar- 
ingly in  dry  methyl  or  ethyl  alcohol,  and  gives  a  deep  red  color  in  cone, 
sulfuric  add,  appearing  ptuple  in  thin  layers. 

Subs.,  air-dry,  0.3940:  loss,  0.0496  in  vacuo  at  100*  over  HsS04. 
Calc.  for  CsrHidOiN^^HsO:  HsO,  12.82.    Found:  12.58. 
Subs.,  anhydrous,  0.1235:  12.6  cc.  N  (23.5®,  752  mm.). 
Calc.  for  Ct7HioO»N4:  N,  11.43.    Found:  11.62. 

m  -  Carboxamido  -  phenylazo  -  hydrocupreine,  m  -  HtNOCCcHiN:- 

water,  and  extracting  the  amino  ester  after  making  alkaline.  Saponified  with  alcoholic 
sodiom  hydroxide  on  the  water  bath  and  evaporated,  this  3rielded  the  acid  as  a  mass 
of  needles  after  diluting  with  water  and  addifsring  with  acetic  add.  Recrystallized 
from  ethyl  acetate,  it  forms  almost  colorless,  thick  plates  which  dissolve  with  difficulty 
in  boiling  water  and  are  somewhat  more  readily  soluble  in  acetone  than  in  the  other 
neutral  organic  solvents.  When  rapidly  heated  to  185**,  then  slowly,  it  effervesces 
at  186^.    An  aqueous  suspension  gives  an  indigo-blue  color  with  ferric  chloride. 

Subs.,  0.1439:  9.2  cc.  N  (24.0®,  753  mm.). 

Calc.  for  CjHiiOiN:  N,  7.1 1.    Found:  7.07. 
*  This  Journai,,  39,  2196  (1917). 
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NCi9HssOiNs. — ^The  dye  from  m-aminobenzamide^  was  purified  in  the  usual 
way,  forming  an  amorphous  powder  which  sinters  and  darkens  above 
135  ^»  begins  to  melt  at  160  ^^^  and  is  completely  fluid  and  decomposes  at 
about  195^.  It  dissolves  readily  in  alcohol,  less  easily  in  dry  diloroform 
or  acetone,  or  benzene,  and  dissolves  in  N  soditun  hydroxide  solution 
with  a  deep  cherry-red  color. 

Subs.,  0.1077:  14,2  cc.  N  (24.0*,  757  mm.). 

Calc.  for  CisHstOtNt:  N,  15.25.    Pound:  15.09. 

On  rubbing  the  base  with  i  :  i  hydrochloric  add  it  dissolves  and 
the  solution  soon  deposits  the  dihydrochloride  as  aggregates  of  flat,  orange- 
red,  microscopic  needles. 

p-Sulfophenylazo-hydrocupreine. — Sulfanilic  acid  coupled  practically 
instantaneously  with  hydrocupreine  tmder  the  usual  conditions.  Sat- 
tu-ated  ammonitun  chloride  solution  was  added  at  the  end  in  order  to  free 
the  hydroxyl  group.  The  scarlet  sodium  salt  precipitated  immediately, 
the  amount  increasing  slightly  on  addition  of  soditun  chloride.  After 
washing  with  saturated  sodium  chloride  solution  a  portion  was  recrystal- 
lized  from  water,  separating  on  gradual  cooling  as  gUstening,  scarlet 
rhombs  and  prisms  which  soon  lose  a  portion  of  their  water  of  crystalliza- 
tion on  air-drjong,  ttuning  a  darker  red  and  coming  to  equilibritufl  with 
3.5  molecules  of  water  of  crystallization.  The  salt  dissolves  in  water  with 
a  deep  brown-red  color,  changing  to  cherry-red  on  adding  alkali.  Dilute 
aqueous  solutions  give  slow-forming,  red  rhombs  of  the  caldtun  and  barium 
salts. 

Subs.,  air-dry,  0.5788:  loss,  0.0618  in  vacuo  at  80®  over  HsS04. 

Calc.  for  CttHi70|N4SNa.3.5HtO:  HjO,  10.85.     Pound:  10.68. 

Subs.,  anhydrous,  0.12 13:  11.2  cc.  N  (24.5**,  764  mm.}. 

Calc.  for  Cs»Htr05N4SNa:  N,  10.81.    Foimd:  10.65. 

A  portion  of  the  crude  salt  was  dissolved  in  much  hot  water  and  addified 
sUghtly  with  acetic  add,  ihefree  sulfonic  acid  soon  separating  as  brilliant, 
brown-orange  leaflets.  Reoystallized  from  50%  alcohol  it  separates 
slowly  as  gleaming,  red  prisms  containing  3  molecules  of  water  of  crystal- 
lization and  dissolving  with  difficulty  in  boiling  water.  The  anhydrous 
add,  when  rapidly  heated  to  250°,  then  slowly  ,mdts  and  decomposes  at 
252*^  with  preliminary  darkening  and  softening.  It  dissolves  in  sulfuric 
add  with  a  red-orange  color,  and  is  appreciably  soluble  in  dry  methyl 
alcohol,  less  readily  in  absolute  alcohcd  or  dry  chloroform.  An  aqueous 
suspension  dissolves  readily  in  dil.  mineral  adds,  but  only  on  adding  a 
large  excess  of  acetic  add. 

Subs.,  air-dry,  0.5158:  loss,  0.0500  in  vacuo  at  100"  over  H1SO4. 
Calc.  for  CttHtsOftNtS.aHiO:  H|0,  9.82.    Foimd:  9.70. 
Subs.,  anhydrous,  0.1293:  12.6  cc.  N  (26.0*,  762  mm.). 
Calc.  for  CuHtsOtNiS:  N,  11.29.    Found:  11. 16. 
*Tms  Journal,  39>  1438  (1917)- 
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m  -  Sulfonamido  -  phenylazo  -  hydrocupreine,  m  -  HsNOzSCeHiN:- 
NC19HJSO1N2. — ^As  obtained  by  the  ordinary  process  of  purification  the 
dye  from  m-aminobenzene-sulfonamide^  was  still  impure  and  it  was  ac- 
cordingly dissolved  in  acetone  and  fractionally  precipitated  with  ligroin, 
rejecting  the  first  portions.  The  last  fractions  were  dissolved  in  dil. 
hydrochloric  add  and  reprecipitated  with  ammonia,  but  the  percentage 
of  nitrogen  was  still  low.  The  orange-brown,  amorphous  dye  softens  and 
sinters  above  140®,  gradually  melts  above  170**,  and  is  completely  fluid 
at  about  190°.  It  dissolves  in  cone,  sulfiuic  add  with  an  orange-red  color ^ 
in  dil.  adds  with  an  orange  color,  and  in  dil.  sodium  hydroxide  with  a  deep 
cherry-red  color. 

Subs.,  0.1018:  12.2  cc.  N  (30.5*,  757  mm.). 

Cak.  for  C»Hti04N|S:  N,  14.13.    Found:  13.43. 

^Sulfonamido-phenylazo-hydrocupreine. — ^The  dye  obtained  from 
^-aminobenzene-sulfonamide'  was  purified  in  the  usual  way.  It  forms  an 
orange-brown  amorphous  powder  which  gradually  mdts  above  155^ 
and  is  completdy  fluid  at  about  190*^.  It  dissolves  in  cone  sulfuric  add 
with  a  brown-orange  color,  in  dil.  adds  with  a  red-orange  color,  and  gives 
a  deep  cherry-red  solution  in  dil.  soditun  hydroxide.  It  is  readily  soluble 
in  alcohol,  sparingly  in  benzene. 

Subs.,  0.1321:  15.7  cc.  N  (2I.o^  750  mm.). 

Calc  for  CiiHm04N»S:  N,  14.13.    Found:  13.62. 

Quinolyl-6-azohydrocupr6ine. — ^The  crude  dye  from  6-aniinoquinoline 
crystallized  suddenly  when  warmed  with  85%  alcohol.  Recrystallized 
from  amyl  alcohol  it  separated  slowly  as  aggregates  of  bright  red,  glistening, 
lenticular  platdets  with  a  golden  reflex.  When  rapidly  heated  to  230®, 
then  slowly,  the  substance  mdts  and  evolves  gas  at  232-4**,  with  prelimi- 
nary softening  and  darkening.  It  dissolves  readily  in  chloroform  or  boiling 
amyl  alcohol,  and  is  rather  sparingly  soluble  in  boiling  alcohol,  acetone,  or 
benzene.  An  aqueous  suspension  does  not  dissolve  on  adding  dil.  sodium 
hydroxide,  but  an  alcoholic  solution,  diluted  with  N  soditun  hydroxide, 
gives  a  dear,  cherry-red  solution.  The  solution  in  cone,  sulfuric  add  is 
reddish  orange,  while  the  color  in  dil.  adds  is  orange-red. 

Subs.,  0.1342:  17. 1  cc.  N  (22.5*,  752  mm.). 

Calc.  for  CuHstOsNt:  N,  14.98.     Fotmd:  14.57. 

(B)  Azo  Dyes  Derived  from  Hydrocupreidine. 
Phenylazo-hydrocupreidine. — 13  g.  of  hydrocuprddine'  were  coupled 
with  diazotized  aniline  in  the  usual  way,  completing  the  predpitation  of 
the  dye  with  ammonitun  chloride,  and  purifjring  by  solution  in  very  dilute 
hydrochloric  add  and  repredpitation  with  ammonia.    The  yidd  was  13.9 
*  Tras  JouRNAi^,  39,  2428  (1917). 
«/Wrf.,  39,2429  (1917). 
»  Ibid.,  4Xf  827  (1919). 
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g.  When  the  amorphous  product  is  dissolved  in  hot  acetone  it  soon  b^;ins 
to  crystaUize  and  a  portion  for  analysis  was  filtered  from  the  hot  solution, 
as  the  fractions  deposited  on  cooling  were  accompanied  by  aUttleamorphous 
material.  Recrystallized  from  alcohol  it  separates  slowly  on  seeding 
as  a  hard  crust  of  garnet-like  rhombs  which  melt  at  183-5**  with  slight 
preliminary  darkening  and  softening.  The  substance  forms  a  scarlet 
powder  when  crushed,  and  is  appreciably  soluble  at  room  temperature  in 
alcohol,  meth)^,  ethyl,  or  amyl  alcohol,  or  acetone,  more  easily  on  bcnling. 
It  dissolves  readily  in  chloroform  or  benzene,  and  gives  a  reddish  orange- 
brown  color  in  cone,  sulfiuic  add. 

Subs.,  0.1 1 10:  12.4  cc.  N  (22.5**,  772  mm.}. 

Calc.  fot  CsHtsOtNi:  N,  13.46.    Found:  13.11. 

The  Dihydrochloride. — When  the  amorphous,  purified  base  is  dis- 
solved in  not  too  little  dry  acetone  and  treated  with  an  excess  of  cone 
hydrochloric  add  the  dihydrochloride  is  obtained  as  an  amorphous  pre- 
dpitate  which  crystallizes  almost  immediately.  The  salt  was  filtered 
off,  moistened  with  i  :  i  hydrochloric  add,  and  treated  with  dry  acetone, 
filtering  again  and  washing  the  orange-red  platdets  with  dry  acetone  con- 
taining a  drop  of  cone  hydrochloric  add.  The  air-dry  sslt  r"P<-flinft  4 
molecules  of  water  of  crystallization  and  is  readily  soluble  in  water.  After 
drjdng  in  vacuo  at  room  temperature  over  sulfuric  add  and  crushed  alkali 
it  turns  a  bright  red,  and,  when  rapidly  heated  to  215®,  then  slowly,  de- 
composes at  220-1^,  with  sUght  preliminary  darkening.  It  is  readily 
soluble  in  dry  methyl  alcohol,  less  easily  in  cold  chloroform,  and  dissolves 
with  difSculty  in  cold  absolute  alcohol,  more  readily  on  warming. 

Subs.,  air-dry,  0.6078:    loss,  0.0788. 

Calc.  for  C2»HmO,N4.2HC1.4HjO:  H,0.  12.84.    Found:  12.97. 

Subs.,  anhydrous,  0.1332:  13.2  cc.  N  (22.0 *,  760  mm.).  Subs.,  0.1841:  AgO, 
0.1074. 

Calc.  for  CmHi80J^4.2HC1:  N,  11.45;  CI,  14.49.    Found:  N  11.48;  CI.  14.43. 

o-Naphthylazo-hydrocupreidine.— The  purified  dye  was  recrystallized 
first  from  alcohol,  then  from  a  small  volume  of  amyl  alcohol,  separating 
as  tufts  of  deep  red,  hair-Uke  needles  which  mdt  at  132-40®  with  prelim- 
inary darkening,  softening,  and  sintering.  It  dissolves  very  easily  m 
chloroform  or  benzene,  somewhat  less  readily  in  dry  acetone,  and  sparingly 
in  cold  methyl  or  ethyl  alcohol,  more  easily  on  boiling.  It  dissolves  in 
cone,  sulfuric  add  with  a  deep  blue  color,  in  dilute  adds  with  a  red  shade, 
and  gives  a  dull  red  color  in  dil.  alkali. 

Subs.,  0.1220:  13.0  cc.  N  (23.5®,  761  mm.). 

Calc.  for  CjtHiaOsN4:  N,  12.02.    Found:  N,  12.28. 

/>-Nitroplienylazo-hydrocupreidine. — Hydrocuprddine  and  diazotized 
^-nitraniline  were  coupled  exactly  as  in  the  case  of  hydrocuprdne 
(see  p.  2136).  The  crude  dye  was  purified  in  the  usual  manner  and  then 
crystallized  readily  when  dissolved  in  boiling  alcohol  and  allowed  to  cocL 


Digitized  by 


GooQle 


Ato  DY^  I^OM  HYDROCUPREINE,  ETC.  ^147 

Recrystallized  from  alcohol  it  separates  on  seeding,  after  cooling  and 
filtering  from  a  small  amount  of  an  amorphous  imptuity,  as  spherules 
of  red  microcrystals  which  melt  to  a  tar  at  135-9**  and  become  completely 
fluid  at  155-60 **.  It  dissolves  appreciably  in  cold  methyl  or  ethyl  alcohol, 
quite  readily  on  boiling,  and  is  very  easily  soluble  in  cold  chloroform, 
acetone,  or  benzene.  It  dissolves  in  conc^  sulfuric  add  or  dil.  adds  with 
a  red-orange  color,  and  in  hot  dil.  N  sodium[hydroxide]with  a  deep  purplish 
red  color.  An  alcoholic  solution  also  gives  a  dear,  deep  purple  solution 
when  diluted  with  N  sodium  hydroxide. 

Subs.,  0.X192:  15.65  cc.  N  (27.5**,  764  mm.). 

Calc.  for  CnHt704N»:  N,  15.19.    Fomid:  15.00. 

/^-Sulfophenylazo-hydrocupreidine. — ^This  substance  was  prepared  in 
the  same  way  as  its  hydrocupreine  isomer.  As  the  crude  sodium  salt 
showed  no  tendency  to  crystallize  it  was  dissolved  in  enough  hot  water 
to  give  a  dear  solution  and  addified  with  acetic  add,  seeding  with  crys- 
tals obtained  by  strongly  addifying  a  cone,  test  portion  with  acetic  add. 
ReoystaUized  first  from  water,  then  from  50%  alcohol,  the  sulfonic  add 
separates  slowly  on  seeding  as  minute  orange-red  crystals  containing  5.5 
molecules  of  water  of  crystallization,  and  dissolving  appredably  in  cold 
water,  more  easily  on  heating.  The  anhydrous  substance  is  a  darker  red 
and,  when  rapidly  heated  to  245®,  then  slowly,  it  decomposes  at  247®,  with 
preliminary  darkening  and  softening.  It  dissolves  in  cone,  sidfuric  or  dil. 
adds  with  an  orange  color  and  in  dil.  soditun  carbonate  with  a  brown-red 
color,  becoming  more  purple  on  adding  sodium  hydroxide.  It  is  quite  solu- 
ble in  dry  methyl  or  ethyl  alcohol  or  chloroform  and  appredably  in  cold, 
dry  acetone. 

Sabs.,  air-dry,  0.3397:   loss,  0.0533  in  vacuo  at  100**  over  HtSOi. 

Calc.  for  CmHmO|N4S.5.5HsO:  HsO,  16.64.    Found:  16.28. 

Subs.,  anhydrous,  0.1204:  11.7  cc.  N  (24.5  ^  762  mm.). 

Calc.  for  CmHs«0|N4S:  N,  11.29.    Found:  11. 18. 

(C)  Derivative  of  6-Hydroxyquinoline. 
Phenylazo-6-hydrozyquinoline. — Aniline  was  coupled  as  in  the  case 
of  the  phenolic  alkaloids  with  an  alkaline  solution  of  6-hydroxyquinoline. 
Predpitation  of  the  dye  was  completed  with  ammonium  chloride  and  the 
crude  product  recrystallized  twice  from  alcohol,  separating  as  minute, 
narrow,  red  leaflets  which  mdt  at  160-1,5®  with  slight  preliminary  soften- 
ing, oystalUzing  again  on  cooling.  In  its  solubilities,  color  reactions,  and 
dyeing  properties  it  resembles  the  corresponding  hydrocupreine  and  hydro- 
cuprd(Hne  compotmds.  The  substance  was  first  prepared  by  Mathgus,* 
who,  however,  gives  no  mdting  point. 

Subs.,  0.1297:  19.2  cc.  N  (28.5®,  762  mm.). 
Cak.  for  CuHuONi:  N,  16.87.    Found:  16.81. 
N«w  Yo«K,  N.  Y. 
1  Ber.,  21,  1642  (1888). 
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NEW  BOOKS. 

Organic  Chemistry  for  Advanced  Students.  2nd  edition.  By  Jxtuus  B.  Cohbn, 
Ph.D.,  B.Sc.,  F.R.S.,  Prof,  of  Organic  Chemistry  m  the  University  of  Leeds. 
Edward  Arnold,  London,  1918.  In  3  volumes.  Part  I.  Reactions,  viii  + 
366  pp.  Part  II.  Structure,  vii  -f  435  PP.  Part  III.  Synthesis,  vii  + 
378  pp.     14.5  X  22.5  cm.    $5.50  net  for  each  of  the  volumes. 

Prof.  Cohen  has  recast  his  well-known  "Organic  Chemistry  for  Ad- 
vanced Students'*  in  three  volumes  in  order  "to  group  together  allied 
subjects  and  to  link  them  as  far  as  possible  in  a  consecutive  form."  He 
has  also  enlarged  it  by  some  160  pages  but  without  changing  the  character 
of  the  book — ^the  additions  being  fairly  uniformly  distributed  over  the 
various  chapters  for  the  purpose  of  bringing  the  subject  matter  up  to  date. 

By  the  new  arrangement  Volume  I  contains  the  chapters:  "Historical 
Introduction,"  "Valency  of  Carbon,"  "Nature  of  Organic  Reactions," 
"Dynanucs  of  Organic  Reactions"  and  "Abnormal  Reactions;"  Volume 
II,  the  chapters  "Physical  Properties  and  Structure,"  "Color  and  Struc- 
txu-e,"  "Isomerism  and  Stereoisomerism,"  "Stereochemistry  of  Unsaturated 
and  Cyclic  Compounds,"  "Stereochemistry  of  Nitrogen,"  "Isomeric 
Change,"  "The  Benzene  Theory;"  Volume  III,  the  chapters  on  "The 
Carbohydrates,"  "Fermentation  and  "Enzyme  Action,"  "The  Purine 
Group,"  "The  Proteins,"  "The  Terpenes  and  Camphor,"  "The  Alkaloids." 

Each  voliune  is  complete  with  indexes  of  subjects  and  authors. 

E.  P.  KOHLBR. 

Organic  Chemistry,  or  Chemistry  of  the  Carbon  Compounds.  By  VicTc»t  von  Richter 
(edited  by  Prof.  R.  Anschutz  and  Prof.  G.  Schroeter).  Vol.  I,  Chemistry  of  the 
Aliphatic  Series.  Newly  translated  and  revised  from  the  German  edition  (after 
Prof.  Edgar  F.  Smith's  third  American  edition)  by  Percy  E.  Spielmann,  Ph.D., 
B.Sc.,  F.I.C.,  A.  R.  C.  Sc.  2nd  (revised)  edition.  P.  Blakiston's  Son  &  Co., 
Philadelphia,  1919.    xvi  +  719  pp.,  11  figs.     15.5  X  23  cm.    Price,  $5.00  net. 

This  book  which  represents  the  second  edition  of  the  English  transla- 
tion of  the  latest  Oerman  original  differs  from  the  first  edition  in  that  the 
misprints  which  inevitably  creep  into  a  volume  containing  such  a  large 
number  of  formulas  and  figures  have  been  corrected.  It  is  hardly  neces- 
sary to  mention  the  great  value  of  this  book  so  well  known  to  every  student 
of  organic  chemistry  who  has  passed  the  elementary  stage.  For  those 
not  acquainted  with  it,  however,  it  may  be  described  briefly  as  an  advanced 
and  extensive  treatise  on  the  aliphatic  series.  The  various  classes  of  com- 
pounds in  this  field  are  discussed  in  a  general  way  and  the  important 
members  of  each  class  are  taken  up  in  more  detail.  The  theoretical,  as 
well  as  practical  side  of  the  subject,  is  considered  and  original  references 
are  given.  It  is  a  voliune  that  may  be  highly  recommended  to  any  one 
who  has  a  real  interest  in  organic  chemistry,  to  be  used  either  as  an  ad- 
vanced text-book  or  more  usually  as  a  general  reference  book. 

Roger  Adams. 
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#-Ch]oR^odobenzene 293 

2-Chlorojuglone 836 

Chloromethylanthranilic  add,  Na  salt  of 470 

^Chloropropionic  add,  isoamyl  ester 844 

^Chloropropiophenone 845 

Cfaromanes,  synthesis  of 665 

Chrysophanic  add 698 

Cinchona  alkaloids,  simpler,  and  thdr  dihydro  derivs.,  817;  syntheses  in  the  dnchona  series, 

817,2090 2131 

Cinchonidine,  hydrochloride,  819;  quaternary  salts  of 2094 

Cinchonine,  hydrochloride,  819;  quaternary  salts  of 2092 

Cinnamic  add,  iodinisation  of 295 

CiimamyHdene- malonic  add,  dimethyl  ester. 767 

Citric  add,  Te  add  salt 343 

Caal,  use  as  a  substitute  for  talcum  to  induce  rapid  boiling 1189 

Cobalt,  passivity  of 1902 

Cohesion,  970;  relation  of  the  intensity  of  the  intermol.  electromagnetic  field  to,  and  valence. . .  974 
Colloids,  mutarotation  of  gelatin  and  its  significance  in  gelation,  135;  tyndallmeter  for  the 
ezamn.  of,  297;  retardation  by  sugars  of  diffusion  of  adds  in  gels,  358;  influence  of  the  age 
of  ferric  arsenate  on  its  peptixation,  713;  jellies  by  slow  neutralization,  763;  mol.  mechan- 
ism of  coUddal  behavior — swelling  of  fibrin  in  alkalies,  1503;  vibration  and  syneresis  of 
silicic  add  gels,  1329;  mol.  mechanism  of  coUoidal  behavior—  chem.  nature  of  the  adsorp- 
tion of  adds  and  alkalies  by  the  protein  mol 1511 

Color,  variation  in  anthocyanins,  208;  in  Relation  to  Chem.  Constitution  (Watson,  book  re- 
view), 710;  phthaUc  add  derivs.— constitution  and 1289,  1293 

Coloring  substances,  yellow,  of  ragweed  pollen 1285 

Compressibility,  detn.  of,  of  solids  at  high  pressures,  12;  of  aq.  solns.,  espedally  of  urethane, 

59;  of  aq.  solns.  of  casein  and  peptone 346 

Computation.  Graphical  and  Mechanical  (Lipka,  book  review) 711 

Condition  equation,  for  Hquids  and  vapors 689 

Conductivity,  electric,  of  alk.  earth  formates  In  anhydrous  formic  add,  72;  application  of  therm- 
ionic amplifier  to,   measurements,  1515;  measurement  of  the,  of  solns.,  1727;  studies  in, 

1921 , 1934 

Containers,  permanent  marking  of  glass  vessels 359 

Coordination  number,  valence,  and  covalence 926 

Copper  alizarate • 2082 

Copper  chloride,  action  of  CuCI  whh  compds  contg.  the  tiichloromethyl  group 1 129 

Copper  selenate 949 

Capptr  selenite,  ooddation  by  CI 956 

Copper  thiocyanate,  addition  compd.  whh  quinoline 1028 

Com,  soft,  its  chem  compn.  aad  N  distribution 1212 

Com  cobs,  prepn.  of  xylose  from 1002 

Coumaranes,  sjmthesis  of 665 

Covalence 1543 

•Crab  grass,  compn.  of  the  ash  of,  as  affected  by  the  soil  in  which  it  is  grown 1384 

Creatine,  oxidation  by  mercuric  acetate 1 109 

i»»-CresoI,  derivs  of  ethers  of,  1451;  nitro  deriv.  of , 2041 
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o-Cresol  derivs.  of,  662;  derivs.  of  ethers  of,  1451 ;  nitro  derivs.  of 2040 

^Cresol.  derivs.  of,  661 ;  nitro  deriv.  of 2041 

o-Cre9ol-5-sulfonic  add,  action  of  CI  on 2032 

IM-Cresolsulfonic  adds,  action  of  CI  on 2033 

^Cresobulfonic  adds,  action  of  CI  on 2034 

Crystals,  method  of  growing  large  perfect,  from  soln.,  1060;  new  method  of  chem.  analysis 1168 

Cupferron 276 

Cuprous  chloride,  etc.    See  Copper  chlcrides,  etc. 

Cyanide,  liquid  NH»-Na  method  for  halogens  in  org.  compds.  the  formatioa  ol,  and  method  of 

removing  from  the  sdn 1051 

Cyanogen  chloride,  prepn.  of 1241 

Cyanuric  add • 1006 

Cydic  compounds,  modified  graphic  formulas  for  org 1029 

Cydohexane,  didec.  const,  of 2002 

Cjrdohenanol,  didec.  const,  of 2002 

Cydohexanone,  didec.  const,  of 2002 

Cydopropane  scries,  992,  1093,  1249,  1379,  1644 1697 

Cytosine  aldehyde,  synthesis  of 810 

2'-DlACBTYL-AMINOFLAVONB 9* 

3'-Diacetyl-aminoflavone 95 

4'-Diacetyl-aminoflavone 95 

Diacctyl-4-aminopyrocatechd 1463 

6,8-Diamino-benzoyleneurea 2060 

Di-^-aminophenyl-arsinic  add 454 

l,2-Dibenzoyl-2-acetozy-3-phen3rlcydopropane 1261 

1 ,2-Dibenzoyl-2-bromo-3-phen3rlcyd<^>ropane 1261 

l,2-Dibenzoyl-3-phenylcydopropane,  and  derivs 1253,  1254 

y,y-I>ibromo-T-nHro-/9-phenyl-propyl-(4-bromophenyl)  ketone 1648 

3,5-Dibromo-4-phenyl-6-(4-bromophenyl)-dehydropyrone- 1 ,2 1097 

a-7-Dibromo-/9-phenylpropyI-(4-bromophenyl)  ketone 1653 

2,4  Dichloro-5-acetaminophenol 460 

2,4-Dichloro-5-acetanisidide 462 

2,4-Dichloro-5-aminophen61 461 

2,4-Dichloro-5-anisidine 462 

2,4-Dichloro-5-chloroacetylamino-phenol 461 

1,2-DichIoroether,  prepn.  of 1 122 

iV,7\r'.^,/)./9-Dichloro-ethoxy-ethylidenebis-o-nitraniline 1864 

iV,^'-/),/},^-Dichloro-ethozy-ethylidenebis-^nitraniUne 1865 

^./S'-Dichloroethyl  sulfide,  1414;  effects  of  adds  and  bases  on  the  surface  energy  relations  of 1977 

JV.^'-^.^.^Dichloro-hydroxy-cthylidenebis-o-nitraniHn 1863 

2.3-Dichlorojuglone 837 

^.^'-^,/),^Dich]oro-methozy-ethylidenebis-o-nitraniline 1864 

2,4-Dtchloroquinazoline 2061 

Dielectric  constants,  of  tjrpical  aliphatic  and  aromatic  hydrocarbons,  cydohexane,  cydohex- 
anone and  cydohexand 2002 

2.4-DtethoxyacetaniUde 1471 

3,4-DiethoxyacetaniUde 1464 

T-Diethoxy-acetoaoetic  add,  ethyl  ester  of 812 

2,4-Dicthoxyaniline 1471 

3.4-Diethoxyaniline ." ., 1465 

2.4-DiethoxychIoro-acetanilide .' 1472 

3;4-Diethoxychloro-acetanilide 1465 

Diffusion,  retardation  by  sugars  of,  of  adds  in  geb 358 

Digitalis,  leaves — effect  on  activity  of  temp,  in  drying 125 

Digitaria  sanguinalis 1384 

o,^'(?)-Dihydroxy-dipheny1arsonic  add 1449 

^,^'-Dihydroxy«diphenyIarsonic  add 144S 

^Di(hydroxy-isopropyl)bcnxene 1680 

DihydroxjTthjrmoquinone,  reduction  by  means  of  Pd-H 1873 

^-Diiodobenzene 293 

l,4-Diisopropen3rlbenzene 1682 

l,4-Diisopropenyl-Ai,Mihydrobenzene 1683 

1,4-Diisopropylcydohexane,  derivs.  of 1676 


Digitized  by 


GooQle 


INDSX.  2163 


Diketohydrindene 1221 

3,5-I>iiiiethoxy-A«cetoplieiwtide 805 

2.4-DimetliozyaniUiie 1468 

2,4-Dimctho«ychlora-acetairilidc 1469 

3.4-Diincthoxychloro-acftanilide 1461 

3,5-Dlin€thoary-4'etlMBEybenxene-MO-^>phtliol 809 

3^Difflethoxy-4-ethoz3r-5-dipheiiylurea 808 

3,S-DiiiithaKy-4-etho(Ky-todobengeiie 807 

3^Diiiiethoxy-4^thoac7  phenylurea 808 

3^Di]iietliozy-^piienetidiiie 803 

2,4-Diiiietliozy-qiiiiiasoliiie 2061 

l^Dimethyl-S-Ainiiioandi 785,  788 

1,3-Diiiietliyl-beiuoyleiic-urea 2062 

a,fli-Diiiietliyl-/}-plienyl-7-betixo]rlbut3rric  add,  and  oodme 687,  690 

tt,tt-Diincthyl-^phenyl-7-bcn»oylcrotolactonc 689 

a,a-DiiaeCli3rl-^plienyl-Y-'(pl>enyl^yozyl)propiooic  add,  ethyl  eater  of 691 

Di-a^naphtliylbiiifet 101 1 

Dinitro-acetyl-reaacetophenone 265 

63-Diiiltrobeiisoyleiietirea,  and  salts 2059 

Dittitroehlorobenxette 1015 

3,5-Dinitro-o-creaal 2045 

3,5-Dinltro-A-cresol 2046 

Dinitro-diplicnylamine 1016 

DlnitrO"fesacetophenane  and  phensdhydrasone. 265 

2,5-Diplienyl-4-(a-acetozybenxyl)fiirane 1255 

l,4-Diplienyl-2-bensoyt-4-clilorobutadiette 1260 

2,5-Diphenyl-4-benzoylftirane,  and  ozime 1257,  12S8 

DiphenytbioKt f 1007 

2,5-Diplienyl-3-bromo-4-bena9ylfanuie 1257 

2,5-Diplienyl-4-(a-broniobettsyl)farane 1255 

2,4-Diphenylbittene-3  add-1,  and  Me  ester 1137,  1 138 

l,2-Diplienylcarbin]d-3-phenylcycloprop«ne 1259 

l,4-D^henyl-l,4-<Udiloro-3-benxQyl-btttene-4 12S9 

2,5-Diphenylfiirane-carbozanilide 1258 

3,5-Dlphenytforane-carbo>ianfflde-2 1263 

2,5-Diplienytfarane-carboz]rlic  add-4 1258 

3,5-Dipheuylfuranc-carbo«3rUc  add-2 / 1263 

2,5-Diplienyl-4-(or-hydioxyben»3rl)furanc 1256 

2,4-I>iphenyl-4-hydrozy-l,l-btitanedicarb<ncylic  add 1 136 

^,M>iphenyM-hydrozybatyric  add,  and  lactone 1135,  1 136,  1 138 

Diphenylmethyl-caibinol-^azodimethylanillne 1265 

Diphenylmethyl-carbinol-^azo-^naphthol 1265 

Diphenyl-a-nsphthjrlmetliyl,  properties  of 1655 

4,6-Dipheuylpyf  one- 1 ,2 1 100 

1 ,4-tHphenyltiretidone 384 

Directory,  Annual  Chem.  of  the  U.  S.  (Lovelace  and  Thomas,  book  review) 296 

Disperse  systems,  tyndallmeter  for  the  examn.  of 297 

Distribution  ratio,  calcn.  of  the  temp,  coeff.  of  the,  1718;  relations  between,  temp,  and  concn.  in 

system:  water-ether-sucdnic  add 1721 

Di-o-tolylbiuret 1009 

Drops,  detn.  of  surface  tension  and  the  wt.  of  falling 499 

Prop'Wdght  apparatus 507 

Dyes,  synthesis  of  flavone-aso-/}-naphthol,  83;  new  tjrpe  of  naphthalene,  833;  asymmetric,  1264; 

axo,  derived  from  hsrdrocuprdne  and  hydrocuprddine 2131 

Energy,  free,  of  the  H  halides  in  aq.  soln.—  free,  of  formation  of  HQ 1991 

Electrical  apparatus,  for  use  in  dectrometiic  titration 1358 

Electrical  predpitator,  for  analyring  smokes 587 

Electrodeposition,  H  oveivoltage — applications  of  its  variation  with  pressure  to,  of  metals 2013 

^ectrodes,  normal  H  9S.  the  normal  calomd,  1090;  applicability  of  the  pptd.  Ag-AgCl,  to  the 
measurement  of  the  activity  of  HCl  in  extremdy  dil  solns.,  1 175;  potentials  of  the  Zn  and 

Cd,  1787;  ocduslon  of  R  and  O  by  metal,  1887.  1892,  1895 1897 

Electrolytes,  activities  of  the  ions  of  strong,  1086,  1378;  degree  of  ionization  of  very  dil 1951 

Electrons,  arrangement  in  atoms  and  mols 868 
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Baodin  methyl  ether CM 

BninMflcatioa,  of  water  end  of  emmnnintn  chloride  tolna.  bj  mneni  of  taapUock 940 

Basjiaet,  ftctloo  oo  ttarchee  of  diff  origin,  1123;  Jnflnence  of  aspertic  add  and  aepamim  on 

hydrolysb  of  starch  by 1866 

BquHibrium,  electromagnetic  hypotheds  of  the  Idnetici  of  heterogeneoot,  970;  ipectroplioto- 
metric  method  for  measuring  the,  and  affinity  consts.  of  the  phenoipfathaleins  and  phenol 

sulfonephthaleins 1031 

Bsters,  ketonic,  422;  prepn  and  hydrolysis  of,  derived  from  the  anbetitttted  sliphatir  alca.,  424; 

addition  of  nitromethane  to  nnsatd 764 

Ethers,  cydic,  from  o-allsrl  phenols,  648;  certain  amino  and  acylamino  phenol 14S0 

«-BthoKy-bens]rlphenylarea,  and  hydrochloride 306,    387 

Bthyl  alcohol,  ooddation  by  means  of  KMnO« 1267 

Bthylene,  analysis  of  mizts.  of,  and  acetylene 1 180 

ethylene  chloride,  action  of  NaaS  on 1430 

Bthylenechlorohydrin,  1414;  coumarane  from  phenol  and 669 

Bthyl  ether,  relationa  between  distribution  ratio,  temp,  and  concn.  in  system:  water-onocinic 
add-,  1501,  721;  equation  of  state  for  liquids  and  vapor* — vapor  phase  of,  509;  system: 

water  succinic  add- 1719 

Bthylhydrocuprddine.  and  derivs » 830,    831 

Bthylhsrdrocuprdne,  derivs.  of,  824,  825;  quaternary  salts  of 2118 

Bthyl  iodide,  prepn.  of 797 

2'Bthylmercapto-6-chloro  4  aMehydopyrimidinc,  and  derive 813,    814 

2-Bthylmercapto-6-ozy-4-aldehydopyriniidine,  diethylacetal  of,  and  action  of  P  halldca  on 813 

l-Bthyl-6-phenyl-2,4-diketohezahydrocyanidine 387 

Bxplosives,  Chindca  delle  sosfsnie  esplosive  (Giua,  book  review) 1878 

Fats,  Bdlble  (MlteheU,  book  leview) 476 

Fntty  adds,  volatility  with  steam  of  lower,  fti  dil.  aq.  solns 1946 

Feces,  estn-  of  S  in 1494 

Feeding  stuffs,  estn.  of  S  in 1494 

Ferric  arsenate,  ete.    See  Ir<m  ars^naU,  ete. 

Perrocyanides,  detn.  of 1776 

Fibrin,  swelling  of,  fai  alkalies 1503 

Fibroin,  destructive  dlstn.  of 1147 

Film,  measurement  of  the  thirkiifss  of,  formed  on  glass  and  sand 477 

Flavone,  synthesis  of,  derivs 83 

Flavone-a«o-/>-naphthol,  synthesis  of,  dyes » 83 

Flavonols,  1285;  reduction  with  Mg  and  some  org.  adds. 215 

Fluorine,  crit.  study  of  the  K  and  Na  double  salte  of  PbFl  as  sooroes  of 1477 

Foods,  Chemistry  of  (Sheiman,  book  review),  847;  detn.  of  S  in 1317,  1494 

Formic  add,  cond.  of  alk.  earth  formates  in  anhydrous,  72;  behavior  of  mizte.  of  2  salts  contg. 
a  common  ion  in  anhydrous,  soln.,  1921;  transference  numbers  of  the  formates  of  Na,  K 

and  Ca  In  anhydrous,  1934;  volatility  with  steam  in  dO.  aq.  sdn 1946 

Formulas,  modified  graphic,  for  org.  cyclic  compds 1029 

French,  Chem.  (Ddt,  book  review) 474 

Fructose,  mutarotation  of 559 

GAIXIUM,  purification  by  dectrdysb.  and  the  compressibility  and  d.  of,  133;  extn.  from  Zn 

oride,  947;  sepn.  and  detn.  of,  when  assocd.  with  Zn 1491 

Gallium  chloride,  purification  by  sublimation  and  analysis  of 131 

Galvanometer 1362 

Gas,  automatic  variation  of,  pressure  and  its  appHcation  to  circulation  of 53 

Gelatin,  mutarotation  of,  and  its  significance  in  gelation 135 

Gelation,  mutarotation  of  gelatin  mnd  its  significance  in 135 

Gels.    SetCoUoids 

Gentian  vldet,  its  sdective  bacteriddal  action 2083 

Germanium,  extn.  from  Zn  oadde 947 

Glass,  permanent  marking  of,  vessds,  359;  measurement  of  the  thickness  of  film  formed  on 477 

Glucophores 857 

Glucose,  mutarotation  of 55? 

Glycd,  oxidation  of 1385 

GlycoOic  aldehyde,  oxidation  of 1385 

Glycollic  add,  oxidation  of 1385 

GlycyLarsanilic  adds,  i^T-eubsatutcd , , ,...,,,,,,,,,, 1809 
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dTonl,  ooddfttkm  of 13S5 

OlyosaUc  add,  OKidatioa  of 1385 

Gold,  detn.  d,  cspedally  In  animal  tissue 1 

Grignard  reagent,  action  of  iialogens  on  the 287 

HALOGBNATION,  287,  292.  1312;  of  juglone.  833;  Kplacement  of  sulfonic  fnmpa  by  O  and 

the  preim.  of  org.  cUoro-derivs 2028 

Halogen-ozy  adds,  sirconyl  compds-  with  the 1722 

Halogens,  action  on  the  Orignanl  reagent  and  the  replacement  of  halogen  atoms  by  one  another, 

287;  liquid  NHt-Na  method  for,  in  org.  compds.,  1051;  detn.  of  the 1898 

Hdiretica  Chindca  AcU  (book  review) 1150 

Hezanitro-diphenylamine,  prepn.  from  chlorobcnaene 1013 

History,  of  fonr-membered  cyclic  ureas,  370;  of  Scientific  Derelopments  (Sarkar,  book  rerlew), 
475;  of  Chemistry  (Moore,  book  rvriew),  853;  Chemistry  in  Old  PhOadriphia  (Smith,  book 

review) 1313,1704 

Homo-a  ntiarol 806 

#-Homosalicyhddehyde,  derivs.  of 268 

Hydrasine,  action  of  CI  on 124 

Hydrocarlions,  influence  of  catalysts  on  the  chlorination  of,  120;  dielec  consts.  of  typical  ali- 
phatic and  aromatic 2002 

Hjrdrochloric  add,  applicability  of  the  pptd.  Ag-AgO  electrode  to  the  measurement  of  the 

activity  of,  in  extremely  dil.  solns.,  1 175;  free  energy  of  formation  of  gaseous 1991 

Hydrodnchonidine,  hydrochloride 820 

Hydrodnchonine,  hydrochloride 826 

Hydrocttprddine,  and  derivs.,  827,  828,  829;  aao  dyes  derived  from 2131 

Hydrocupreine,  and  derive.,  821,  823;  quaternary  salts  of,  21 17;  aso  dyes  derived  from 2131 

Hydrogen,  overvoltage,  194;  chem.  action  produced  by  Ra  emanatiott — combination  of  O  and. 
531;  normal,  tr.  the  normal  calomd  electrode,  1090;  rcducticm  of  dihydrazy-thymequinone 
by  means  of  Pd-,  1873;  ocduaion  by  metal  dectrodes,  1887,  1892,  1895,  1897;  overvoltage 

— i^pHcations  of  its  variation  with  pressure  to  reduction,  metal  soln.  and  deposition 2013 

Hydrogen  chloride.    See  HydroeUoric  add. 

Hydrogen  halides,  vapor  pressure  and  free  energies  of  the,  in  aq.  soln 1991 

Hjrdrogen  ion,  influence  of,  ooncn«  on  aaymic  activity  of  3  typical  amylases,  231;  contrasting 

effects  of  chlorides  and  sulfates  on  the,  concn.  of  add  solns 1981 

Hydrolysis,  of  esters  derived  from  the  subatituted  aliphatic  ales 424 

HydioiiiUt>gciis  behavior  of  the,  and  thdr  derivs  In  liquid  NHs 1769 

Hydroquinidine,  hydrochloride,  826;  quaternary  salts  of 21 15 

Hydroquinine,  and  hydrochloride,  819,  820;  quaternary  salts  of 2101  ' 

or-Hydroxy  adds,  rotatory  powers  of  the  amides  of  several,  of  the  sugar  group 1 141 

2-Hydr0zy-3-allylbenxoic  add,  and  dibromide 665 

2-Hydroxy-3-allylmeth]dbenzoate,  and  dibromide 664 

Hydrozyanthraquinones,  certain  metallic  derivs.  of 2081 

8-Hydroacy-2>^romoiuglone 840 

HydroKy-ethylphenjd  ether,  coumarane  from 669 

2'-Hydnnyflavone 95.      97 

3  -HycuOxy flavooe . .*>......« • 96,      98 

4'-Hydro]qrflavone 96,      98 

Hydrozylamine,  action  of  CI  on,  124;  volumetric  detn.  of 1363 

Hydrosymethyl-anthraquinones,  analysis  of  Runux  cris^us,  and  a  comparison  of  its,  with  those 

from  certain  other  drugs. .* 693 

^Hsrdrexyphen]4-arsonic  add,  prepn.  of  Na  salt  of 431 

Hydroxy phenyl-arsonic  adds,  isomeric 1440 

^^'Hydfumyphenyl'hydrodnnamic  add 101 

Y-Hydrozypropyl  phenyl  ether,  and  chromane  therefrom 668 

Ilex  vomUoria,  as  a  native  sooroe  of  caffeine 1307 

Indicators,  quinone-phonolate  theory  of, , lOSl*  1190 

lodimetry,  AaK>i  as  a  standard  substance  in 351 

lodhM,  dlTBct  Indiniaatinn  by  moans  of  HNOt  and,  292;  standard,  aolns 357 

lodfarfiation,  direct,  by  means  of  I  and  HNOt 292 

lodoacetyl-anthranillc  add,  ethyl  ester  of 470 

3-Iodobenaolc  add,  prepn.  of 294 

^lododnnamlc  add,  prepn.  of 295 

Modonitrobensene 2047 

f-Iddophfoytocrtic  add,  prepn.  of 295 
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4-Iodo-o-phtliftlic  add,  prtpn.  of 294 

/^'lodopropionic  add,  isoamyl  eater M4 

^lodopropiophenaoe 846 

laoization.  electrolTtic,  degree  of,  of  very  dil.  electrolytet 1951 

lonizatioa,  gaseoua,  ratio  of  diem,  action  to 546 

Ions,  electrolytic,  actiyitica  of,  of  atrooc  electrolytea,  1066.  1378;  iatcrmedlate  and  caapktx— 
■oly.  product  and  activity  of  the  iona  in  bi-bivalent  salta,  1 155;  behaHor  of  mixta,  of  2  aalti 

contg.  a  common,  in  anhydroua  formic  acid  soln 1921 

Iron,  Chem.  Analyais  of  (Blair  book  review).  1315;  electrometric  titratioos,  with  apodal  referenoe 

to  the  detn.  of  ferrous  and  ferric,  1337;  HCl  color  method  for  detg 1531 

Iron  alixarate 2082 

Iron  arsenate,  influence  of  the  age  of,  on  its  peptisatioa 713 

Isoamyl  iodide,  prepn.  of 796 

Isocyaoie  add,  condensation  with  a  SchUI  base 379 

Isomorphism 1543 

Isosterism 1543 

Jack  bean,  translocation  of  the  mineral  constituents  of  the 262 

Jellies,  by  slow  neutralisation 763 

Juglone,  halogenadon  of 833 

KbTONES 411 

•'Ketonic  add,  reduction  of 1 135 

Ketonic  esters,  bromination  and  bromine  derivs.  of  certain 683 

Kinetics,  electromagnetic  hypothesis  of  the,  of  heteroffeneons  eqaU 970 

«-LaCTONB,  bromination  of  nasatd 688 

Lamp  black,  enralaification  of  water  and  of  NH4CI  solna.  by  meaas  of 940 

Laws,  of  "concn."  solns. — general  b.-p.  law 729 

Lead  potassium  fluoride,  aa  source  of  P 1477 

Lead  sodium  fluoride,  as  source  of  P 1477 

Lead  tetrafluoride,  K  and  Na  doable  salU  of,  as  sources  of  P 1477 

Ledthin.  and  AUied  Substancea  (Maclean,  book  review) 853 

Upins  (Madean,  book  review) 853,  1230 

Liquids,  equation  of  state  for,  589;  unique  case  of  a,  that  exhibits  a  min.  soly.  in  aa  mutable 

region,  741 ;  structure  of 970 

MaGNBSIUM  ffi-bromotoluene,  action  of  I  on 290 

Magnesium  o-bromotduene,  action  oflon 290 

Magnesium  ^-bromotduene,  action  oflon 290 

Magnesium  ^bromotduene,  action  of  CI  on 292 

Magnesium  ethyl  brcmiide,  action  of  I  on 290 

Mssncdum  ethyl  iodide,  action  of  bromine  on 291 

Magnesium  phenyl  bromide,  action  of  I  on,  288;  action  of  Br  on,  291;  action  of  CI  on 291 

Magnesium  phenyl  iodide,  action  of  I  on,  289;  action  of  Br  on,  291 ;  action  ofClon 292 

Magnesium  a-pn^yl  iodide,  action  of  bromine  on 291 

Manganous  potassium  tartrate 934 

Manganous  tartrate 934 

Mannite.    See  Mannitol, 

Mannitd,  some  physical  properties  of,  and  its  aq.  sdns 1707 

or^Mannoheptonic  add,  amide  of 1140 

Mfat,  supposed  occurrence  of  methylguanidine  in 1109 

Mercuric  acetate,  oxidation  of  creatine  by 1 109 

^ercuric  thiocyanate,  addition  compd.  with  quinoline 1028 

Mercurous  chloride,  normal  H  ws.  the  normal,  dectrode 1090 

Marcurous  thiocyanate,  addition  compd.  with  quindine 10^ 

MeRury,  Vapor  pressures  of,  in  the  range  120°  to  250° 1783 

Mercury  compounds,  org.,  derived  from  ^-bromo-dimethylaniline 1841 

Metal,  ocdudon  of  H  and  O  by.  electrodes.  1887.  1892,  1895,  1897;  H  overTdtage--«ppUeations 

of  its  variation  with  pressure  to,  soln,  and  deposition 2013 

2-Methoxy-4^thaxyacetanilide 1469 

3-Jifethoxy-4^thoxyacetanilide 1461 

4^Methoxy-5-ethoxyacetanilide 1462 

4^Methoxy-6-ethoxyacetanilide 1479 

2-Methoxy-4-cthox3raniline .,.  147^ 
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3-MetlH»7-4^t]iozyaniline 1461 

4-Methaxy-5-ethoz3raiiiliiie 1462 

4-Methoxy-6-etlt<nyaniUxie 1470 

2-Metli«ncy-4-ethozy-chloroacetaniUde 1470 

3-Methozy-4-etlioxy-chloroacetanilide 1462 

4-Methoz7-5-etluny-chloroaceta]ilUde 1463 

4-Mcthaxy«6-ethoxy-chloroacetani1ide 1471 

^-Metliyl-^am-idoplienol  sttlfate,  prepo-  of 270 

5-Meth]rlaiiiiiM>>uracil 788 

S-Methylbenzoylene-nrea 2062 

y^Y-Methylbenzayl-ZI-phenyl-butyrolactoiie 997 

Y.Y-Methylbenzoyl-^phenyUbutsrrcdactone-carbaz^c  add,  Me  ester 997 

3>Metbyl>5-broiiio-aradl 787 

Methylcapsaidn 1116 

2-Metliyl-5-chloro-acet3rlaini]io-plienol 459 

4-Methyl-5-cli!oro-acetylami]io-phenol 459 

a-Methykoumarane 655,  657 

Methyl><i,a-dimethyl-^plienyl-'r-benzo7l  butjrrate,  brominatioa  of 687 

Methylene-coumaranes 648 

3.4-Metliyleiiedkny'Chloroacetanilide 1457 

Methylene-diurethaiie,  and  amineat 1012 

o-Methylene-^-naphtho-dihydrof  urane 663 

Methylguanidine,  supposed  occurrence  of.  in  meat. .  .^ 1 109 

Methyl  iodide,  prepn.  of 796 

3-Methyl-4-metlioxy.acetanilide 1453 

2-Meth3rl-4-methoxy-anQine 1454 

3-Methyl-4-methozy-aniline 1453 

2-Metliyl-4-methoxy-chloroacetanilide 1454 

3-Methyl«4-metho«y-chloroacetaniHde 1454 

l-Metli3rl-5-methylamino-uracil,  and  picrate 786 

3-Methyl-5-methylamino-uracil 788 

o-Methyl-o-methylene-coumarane 662 

^Methyl-a-methylene-coumarane 662 

3-Metbyluracil.  prepn.  of 786 

Metol.  prepn.  of 270 

Milk,  forms  of  N  in  protein-free 388 

Molasses,  compn.  and  calorific  value  of,  derived  from  sugar  cane 1432 

Molecular  weights,  detn.  of,  by  the  b.-p.  method 738 

Molecules,  arrangement  of  electrons  in 868 

Molybdenum,  dean-up  of  N  by  a  heated,  filament 167 

Monozite,  analysis  of 47,  49 

Mustard  gas.     See  fi^fi'-DicMoroethyl  sulfide. 

Myricetin 215 

Myricitrln 215 

NAPHTHALBNB.  new  type  of,  dyes 833 

/»-Naphthol,  derivs.  of 663 

o-Naphthylamine,  carbonyl-diurethane  and 1011 

^Naphthylamine,  carbonyl-diurethane  and K>10 

Neutral  salt  action,  on  activity  of  ptyalin,  228;  catalysis 1092 

Nickel  alizarmte 2082 

Nitration,  of  sucrose 235 

Nitridation,  electrolytic,  of  various  anodes  in  a  soln.  of  NHiNs 1769 

Nitric  add,  iodinixation  by  means  of  I  and 292 

Wtrites,  detn.  of 524 

Nutrition,  Chemistry  of  (Sherman,  book  review) 847 

5-Nitro-2-aoetamino-benzoic  add,  and  salts 2065 

5-Nitro-2-«minobenzok  add,  and  derivs 2066 

OT-NitroaniUnc-sulfonlc  add,  action  of  CI  on 2037 

o-Nitroaniline-sulfoaic  add,  action  of  CI  on 2036 

^Nitroaniline-sulfonic  add,  action  of  CI  on 2036 

iii-l>ntro-^anisidlne 1455 

6-Nitro-bensoylene-urea,  and  Na  salt 2058,  2059 

Nitro-bensoylene>ureas,  synthesis  of  certain 2052 
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^•Nitrobensjl  cyanide 2047 

^Nitrobromobenzene 2047 

Nitrobromopaeoool,  and  pbenylhydrasooe 262,  263 

Nitro-7,T-bromoplienyl-bttt7roplicnoiie \ 1382 

7>Nitro-'r-bronio-/l-phenylprop]rl-(4>bromophenyl)  ketone 1647 

/l-Nitro-T-bromo-Y-phenylpropyl-tertiarylbutyl  ketone 1703 

^-Nitrochlorobenzene « 2046 

mtrocydopropane,  derivs.  of 1379,  1644,  1697 

2-Nitroflavanone 104 

I>ntrogen,  dean-up  of,  by  a  heated  Mo  filament,  167;  forms  of,  in  protein-free  milk,  388;  poaMge 
of  trivalent  to  pentavalent,  631;  combination  of  asymmetric,  with  asymmetric  C  and  N 
atoms,  634;  distribution  in  soft  com,  1212;  cause  of,  and  remedy  for  certain  inaococades  in 
Hausmann's,  distribution  method,  1526;  genesis  of  petroleum  as  revealed  by  its,  constit- 
uents   1690 

Nitrogen  compounds,  space  representation  of  org 622 

I>ntrogen  oxides,  replacement  of  sulfonic  groups  by  nitro  groups  by  means  of  nitrous  gases 2039 

Nitro  groups,  replacement  of  sulfonic  groups  by 2039 

^Nitro-o-iodotoluene 2047 

Nitromalonic  aldehyde,  condensation  of  amino  compds.  with,  770;  condensation  oi  fi^mMoino- 

propiophenone  with 1020 

Nitromethane,  addition  to  unsatd.  esters 764 

3-Nitro-4-methozy-chloroacetanilide 1455 

6-Nitro-2-methyl-4-quinaz<^one 2067 

5-Nitro-2-nitzouramino-benzotc  add,  and  Me  ester 2063.  2064 

Nitropaeond,  and  derivs 263 

o-Nitrophend-4-sulfonic  add,  action  ofClon 2035 

^Nitrophend-2-sulfonic  add,  action  of  CI  on 2036 

l-Nitro-2-phenyI-3(4-bromobenzoyl)c3rdopropane 1649 

Y-Nitro-/9-phenyl-a-bromopropyl-(4-bromophenyl)  ketone 1647 

7-Nitro-/l-phenyl-a-bromopropyI-tertiary  butyl  ketone 1699 

^Nitro-Y,7-phenyl-ch]oropropyl-(4-bromophenyl)  ketone 1650 

Y-Nitro-^phenyl-cr-iodopropvl-(4-bromoplienyl)  ketone 1648 

o-Nitrophenyl-methylene-diurethane 1012 

'r-Nitro-^phenylpropyl-(4-bromophenyl)  ketone 1646 

7-Nitro-^phenylpropyl-tertiary  butyl  ketone 1699 

6-Nitro-4-quinazoIone 2067 

Nitro-resodiacetophenone,  and  derivs 266 

Nitrotoluenes,  oxidation  of  o-,  m-  and  P- 1561 

Nitrous  add,  detn.  of 524 

Nomendature,  of  four-membered  cydic-ureas 370 

Occlusion,  of  H  and  O  by  metal  dectrodes 1887,  1892.  1895,  1897 

«M.-Octylhydrocupfeine,  dihydrochloride 825 

Oils,  Edible  (Mitchdl,  book  review) 476 

Oldc  add.  Te  salt  of 344 

Ordnd-disulfonic  add.  action  ofClon 2035 

Organic  Chemistry  (Richter,  book  review),  2148;  Introduction  to  (Stoddard,  book  review),  1705; 

for  Advanced  Students  (Cohen,  book  review) 2148 

Organic  compounds,  liquid  NHt-Na  method  for  halogens  in,  1051;  oxidation  with  alk.  KMnOi. .  1385 

Overvoltage,  hydrogen 194.  2013 

Oxalic  add.  Te  salt  of ,  344;  detn.  of 1 268 

Oxidation,  of  BtOH  by  means  of  KMnO«,  1267;  of  org.  compds.  with  alk.  KMnOc.  1385;  side 
chain,  with  KMnOi.  1559;  dectrometric  method  for  the  detn.  of  ferrocyanides  depending 

on  a  change  in,  potential 1776 

Oxygen,  chem.  action  produced  by  Ra  emanation — combination  of  H  and.  531 ;  ocdusion  by  metal 

dectrodes 1887,  1892,  1895,  1897 

PAEONOL,  and  derivs 260 

Palladium,  reduction  of  dihydroxy-thymoquinone  by  means  of,  -H 1873 

Pancreas,  i>roteolytic  activity  of  pancreatic  amylase  prepns 1855 

Paraffins,  new  reaction  of ^ 368 

Partides.  measuring  the  size  of  uUramicroscopic.  312;  rdation  between  int^sity  of  Tyndall  beam 

and  sise  of S7S 

?fwd  vity.  ofCo 19Q2 
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P«p«iii,  chem.  changes  in  the  purificatkm  of 221 

Peptization,  influence  of  tlie  age  of  ferric  arsenate  on  its 713 

Peptone,  oompreadbiUty  of  aq.  solns.  of 346 

Ptefielenates,  attempts  to  prepare. 964 

Fenelenic  add,  attempts  to  prepare 964 

Petroleum,  genesb  of,  as  revealed  by  its  N  constituents 1690 

Phcttacet3rl-(4-bromobenzyl)niethane 1655 

Phenacetyl-trimethylacetyl-methane 1702 

Phenacylarsanilic  add,  substituted 1826 

a-Plienacyl>^,^-chlorophenyl-propionic  add,  £t  ester 1 103 

Plienacyl  esters 75 

cc-Plienacjrl-^nitropropionic  add,  methsrl  ester  of 769 

ot-Phenacyl-^'-nitropyrrole 1025 

Pbenetole.  nitro  deriy.  of 2043 

Phenetole-sulfonic  add,  action  of  CI  on 2031 

Phenol,  interaction  of  arsenic  add  and,  432;  chromane  from,  and  trimethylene-chlorohydrine, 

669;  coumarane  from,  and  ethylene-chlorohydrine,  669;  direct  arsenation  of,  1440;  certain 

amino  and  acylamino,  ethers 1450 

Phendate,  quinone-,  theory  of  indicators 1031,  1 190 

Phendphthaldns,  spectrophotometric  method  for  measuring  the  equiL  and  affinity  consts.  of 

the 1031 

Phenols,  alkaU-insd 247 

Phenolsulfook  add,  action  of  CI  on 2032 

Phenolsulfonephthaldn,  reactions  of,  and  its  bromo  and  nitro  derivs.,  and  their  monobasic  and 

dibasic  salU 1190 

Phenofaratfooephthaleins,  qiectrophotometric  method  for  measuring  the  equiL  and  affinity  consts. 

of  the 1031 

Pbenol-tetrabromophthalein,  and  some  of  its  derivs 1289 

Phenoxyacetyl-arsanilic  adds,  amides  of  (4-arsonic  add)-phenox3raoetic  add  and  the  isomeric. .  1834 

/f-Phenooiy-dnnamic  add 87 

Phenoxy-ethylaraanilic  add,  substituted 1826 

/l-Phenoxy«hydrocinnamic  add,  and  Ba  salt  of  a  disulfonic  add  of 100,  103 

Phenylacetic  add,  iodinization  of 295 

4-Phenyl-5*aoetopyraxoline-carbozylic  add,  ethyl  ester 1 108 

4-Phenyl-5-acetyIpyrazoUne*dicarboxylic  acid-3,5,  ethyl  ester 1 108 

3r-(Phenyl-4-arMmic  add)-a-phenylglydne,  and  its  amides 1822 

4-Phenyl-5-benzal>acetopyTazaline-carboxylic  add.  Bt  ester 1 107 

2-Phenyl-3-benxoyl-cydopropane-carbozylic  add,  and  ethyl  ester 1 101 

4-Phenyl-5-benzoyi>pyrazoline-carbozylic  add,  ethyl  ester 1 100 

^Phenyl-'r-(4>br(miobenzoyl)butyric  add 1096 

/l-Phen3rl-T*(4-bromobenzoyl)butyrolactone 1097 

Phenyl-(4-bromobenzoyl)pyraxole 1099 

Phenyl-(4-bromobenaoyl)P3^razole-carbozylic  add 1098 

4*Phenyl-5-(4>br(miobenzoyl)pyrazollnecarboxylic  add,  Et  ester 1099 

^PIienyl>'H>romo-')r-(4-bromobenzQyl)butyric  add,  and  methyl  ester 1096,  1097 

2-Phen3rl-3-(4>bromophenyl)cydopropane-carboxylic  add,  ethyl  ester 1099 

l*Phenyl-5-(4-bromophenyl)furane 1651 

4*Phenyl-6-(4-bromophenyl)p]rrone-l,2 1099 

Phenyl-carbethoxy-biuret,  and  salts 1007 

Y.')r-Plienyl-cliloroallyl-(4-bnMnophenyl)  Icetone 1650 

3-Phenyl<ydopropane-dicarboxylic  add-2,2 1 104 

Phenyl-diurethane 1009 

Phenyleoc-diamines,  inwpn.  of 436 

l,2-(»Plienyl-<»-ethylcarbinyl)-2-phenyl-cyclopropane 1259 

^PhenylglyoxyI-/l-phenyl-a,a-dimethyl-propionic  add 692 

^Phenyl-hydrocoumarin 102 

^Plienyl^hydroixylamine 276 

Phenyl-isocyanuric  add 1008 

2-Phenyl>3,3-methylbenzoyl-cydopropane-dicarboxylic  add,  and  dimethyl  ester 998,  999 

Phenytmethylenediurethane 1012 

l-Phen]d-3-met]iyl>5-p]rrasolone,  condensation  with  anhydrides 707 

T^Phenyl-/l-nitroalkyl-(4-bromoplienyl)  Icetone 1652 

^Phenyl-ir-nitro-etliylmalonic  add,  methyl  ester  of 766 

r-Pi>tayl-/l-nitroprop«nyl-(4-brom«phenyl)  Icetone. 1653 

4-PlMnyl-pyrasole-carboKylic  add,  ethyl  ester 1104 


Digitized  by 


GooQle 


2i7o  mb^X. 

l-PhenyI-2-trimethylacetyl-3-nitroc3rclopropaiie ItOO 

Phenylurea,  condensation  with  benzaldehyde 385,  386 

Phthalic  aeid.  iodinization  of  o-,  294;  dcrivs 1289,  1293 

Phthalimide,  prepn.  of  K 843 

^Phthalyl-propionic  acid,  and  isoamyl  ester 844,  845 

^Phthalyl'propiophenone 846 

Physical  Chemistry.  System  of  (Lewis,  book  review).  1474;  Textbook  of  (Uncotn,  book  review) .  1475 

Physics,  New  Science  of  the  Fundamental  (Strong,  book  review) 851 

Pinene,  optically  active,  nitrosochloride  and  synthetical  active 361 

Pituitaries,  method  of  tissue  analjrsis  applied  to  the  posterior  and  anterior  lobes  of  cattle 1225 

Pc^en,  protein  est.  oi  ragweed,  670;  yellow  ccdoring  substances  of  ragweed 1285 

Polymerization,  of  water 59 

Potassium  formate,  transference  number  in  anhydrous  formic  add 1934 

Potassium  hydroxide,  decompn.  of  SnCli  by,  solns 1969 

Potassium  lead  fluoride,  as  source  of  P 1477 

Potassium  manganous  tartrate 934 

Potassium  permanganate,  oxidation  of  EtOH  by  means  of,  1267;  oxidation  of  org.  compds.  with 

alk.,  1385;  side  chain  oxidations  with 1559 

Potassium  plumbate,  prepn.  and  properties  of 1478 

Potential,  electric,  electrometric  method  for  the  detn.  of  ferrocyanide  depending  on  a  change  in 

oxidation,  1776;  of  zinc  and  Cd  electrodes 1787 

Potentiometers 1359,  1361 

Pressures,  detn.  of  the  compressibility  of  solids  at  high,  12;  automatic  variation  of  gas,  53;  chem. 

reactions  at  low,  167;  soly. — relative  values  of  internal,  and  their  practical  appHcati<m 1067 

Propyl  alcohols,  esters  derived  from  halogen-substituted 428 

iV-Propyl  iodide,  prepn.  of 797 

Proteins,  1147,  1233;  ext.  of  ragweed  p<^en,  670;  chem.  nature  of  the  adsorption  of  acids  and 

alkalies  by  the,  mol 1511 

Ptyaiin,  effect  of  neutral  salts  on  the  activity  of 228 

Pump,  vacuum 53 

Pyraz<riines,  ketonic,  1098;  colored  condensation  products  from  ketonic 1 105 

Pyrimidines 782,  810 

Pyrogallol,  synthesis  of  certain  substituted,  ethers 798 

Quantum  theory  (Lewis,  book  review) 1474 

Quinazolines 2052 

Quinidne,  hydrochloride 832 

Quinidine,  hydrochloride,  819;  quaternary  salts  of 2099 

Quinine,  hydrochloride,  819;  quaternary  salts  <tf 2095 

Quinoline,  new  addition  compds.  of,  with  certain  inorg.  salts 1027 

Quinone,  -phenolate  theory  of  indicators 1031 .  1 190 

Radium  emanation,  chem.  action  produced  by^ — combination  of  H  and  O,  531;  diem,  action 

produced  by — chem.  effect  of  rec<Ml  atoms 551 

Ragweed,  protein  ext.  of,  p<^en,  670;  yellow  ccrforing  substances  of,  pollen 1285 

Rare  earths 718 

a-Rays,  action  on  pure  O  and  H 545 

7-Ray,  activity  of  Th  D 50 

Rays,  Rdntgen,  chem.  analysis  by 1 168 

Reactions,  at  low  pressures,  167;  ratio  of  chem.  action  to  ionization,  546;  mechanism  of  chem. 

action  and  the  structure  and  properties  of  compds 887 

Reagents,  org.  chem 276,    789 

Rearrangement,  mol.,  in  the  acylation  of  certain  aminophenols 2068 

Reduction,  of  dihydroxy-thsrmoquinone  by  means  of  Pd-H,  1873;  H  overvoltage — appUcatioos 

of  its  variation  with  pressure  to 2013 

Resodiacetophenone,  derivs.  of 265 

Resordnol,  derivs.  of  the  ethers  of,  1465;  nitro  deriv.  of 2043 

Rumex  crispus,  proximate  analysis  of,  and  a  comparison  of  its  hydroxymethyl-anthraqoiDOiics 

with  those  from  certain  other  drugs 693 

SAUCYLALDEHYDE,  derivs.  of 267 

Salicylic  add,  derivs.  of 664 

Salts,  effect  of  neutral,  on  the  activity  of  ptyaiin,  228;  spectrophotometric  method  for  measuxing 
the  concns.  of  the  quinoidal  and  lactoidal,  1031;  soly.  product  and  activity  of  the  ions  in 
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bi-bivalent,  1155^  behavior  of  mixta,  oi  2,  contg.  a  common  ion  in  anhydrous  fonnic  acid 

•oin 1921 

Salyarsan.     See  Arsphenamim. 

Sand,  measurement  of  the  thickness  oi  film  formed  on « 477 

Saponin,  alfalfa , 640 

Schiff  bases,  condensation  of  isocyanic  add  with  a,  379;  action  of  basic  reagents  on 1862 

Science,  Hindu  Achievements  in  Exact  (Sarkar,  book  review) 475 

Selenic  acid 949 

Selenious  acid,  prepn.  of,  951;  electiolytic  oxidation  to  selenic  add,  957;  detection  of,  present  in 

selenic  add 961 

Selenium,  extn.  from  smdter  flue-dust  and  from  anode  slime 950 

Selenium  dioxide,  prepn.  of 951 

Semicarbazide,  relations  between  the  chem.  structures  of  carbonyl  derivs.  and  their  reactivities 

toward  salts  of i 393 

SHidc  add,  vibration  and  syneresis  of,  gds 1329 

^ver,  applicability  of  the  pptd.,  -AgCl  dectrode  to  the  measurement  of  the  activity  of  HCl  in 

extremdy  dil.  scina '. 1 175 

Silver  chloride,  applicability  of  the   pptd.  Ag-Ag-AgCl,  dectrode  to  the  measurement  of  the 

activity  of  HCl  in  extremey  dil.  solns 1 175 

Silver  sdenite,  oxidation  by  Br 954 

Silver  thlocyanate,  addition  compd.  with  quinoUne 1028 

Sirups,  compn.  and  calorific  value  of,  derived  from  sugar  cane 1432 

Smokes,  rdation  between  the  intensity  of  Tyndall  beam  and  concn.  of,  300;  disappearance  of, 

in  a  confined  space,  304;  partides  in,  576;  dec  predpitator  for  analyzing 587 

Sodium  formate,  transference  number  in  anhydrous  formic  add 1934 

Sodium  lead  fluoride,  as  source  of  P If  77 

Sodium  plumbate,  prepn.  and  properties  of 1478 

Soil,  compn.  of  the  ash  of  crab  grass  as  affected  by  the,  in  which  it  is  grown 1384 

Solids,  detn.  of  the  compressibility  of,  at  high  pressures 12 

Solubility,  unique  case  of  a  liquid  that  exhibits  a  min.,  in  an  unstable  region,  741;  and  dectro- 

magnetic  environment.  971;  relative  values  of  internal  pressures  and  their  practical  applica- 
tion, 1067;  product  and  activity  of  the  ions  in  bi-bivalent  salts 1155 

Solutions,  compressibility  of  aq.,  especially  of  urethane,  59;  detn.  of  b.  jm.  of,  721;  laws  of  "coned." 

— b.  p.  law,  729;  measurement  of  the  cond.  of 1727 

Standard  solutions,  arsenious  oxide  as  a  standard  substance  in  iodimetry 351 

Stannous  chloride.     See  Tin  chloride. 

Starch,  detn.  of  sol.,  in  the  presence  of  starch  and  its  hydrolytic  deavage  products,  107;  prepn. 

of  s<d.,  1 13;  action  of  enzymes  on,  of  diff.  origin,  1 123;  influence  of  aspartic  add  and  aspar^- 

gine  on  the  enzymic  hydrolysis  of 1866 

Stirrer,  magnetic 53 

Succinic  add,  rdations  between  distribution  ratio,  temp,  and  concn.  in  sjrstem:  water-ether-, 

150;  Te  salt  of,  344;  system:  water-ether-,  1719;  relations  between  distribution  ratio,  temp. 

and  concn.  in  system:  water-ether- 1721 

Sucrose,  nitration  of ,. 235 

Sucrose  octanitrate ., 235 

Sugar  cane,  compn.  and  calorific  value  of  sirups  and  molasses  derived  from 1432 

Sugar  group,  rotatory  powers  of  the  amides  of  several  a-hydroxy  adds  of  the 1 141 

Sugars,  retardation  by,  of  diffusion  of  adds  in  gels 358 

Sulfates,  estn.  of,  in  a  coned,  dectrolyte,  1317;  contrasting  effects  of  chlorides  and,  on,  the  H-ion 

concn.  of  add  solns , 1981 

o-Sulfobenzotc  add,  prepn.  of  the  add  NHi  salt  and  anhydride  of ., ^ . .  1197 

3-Sulfo-^hydroxybenzoic  add,  action  of  CI  on ,. . , 2038 

Sulfonic  groups,  replacement  by  CI,  2028;  replacement  by  nitro  groups 2039 

p-Sulfophenylazo-m'-ethoxyphenol , 1467 

j^-Sulfophenylazo-o'-ethoxyphenol 1458 

P-Sulfophenylazo-guaiac(rf ^ . .  466 

p^ulfophenylazo-m-methoxyphenol .^  1465 

Sulfosalicylic  add,  action  of  CI  on , 2037 

Sulfur,  standardization  of  the,  b.  p.,  745;  detn.  in  foods,  1317;  estn.  in  feeds,  feces  and  foods 1494 

Sulfur  dioxide,  thermal  dissoc.  of , ..,  f69 

Sulfuric  add,  detection  in  the  presence  of  sdenic  add. ,...,....  963 

Surface  energy,  effects  of  adds  and  bases  on  the,  relations  of  /3,/3'-dichloroethyl-sulfide 1977 

Surface  tension,  detn.  of,  and  the  wt.  of  falling  drops — surface  tension  of  water  and  benzene  by 

the  capillary  hdght  method,  499;  formulas  concerning ^  . . . .  ^fO 


Digitized  by 


GooQle 


2172  INDEX. 

SiwprtirioM,  rdmtioa  between  the  iateaiity  of  Tyadall  beam  mnd  oonca.  of 300 

Swellinc.  of  abrin  in  elkaUee 1503 

QfntnOB,  of  wOkie  ockl  gels 1329 

Syriagk  ockl,  new  •eetopkencCkle  dcrircd  from  tbe  etbyl  ether  of 798 

Systems,  feUtkms  between  Torioas  fuactioas  of  the  Tariables  of  ternary 1718 

Talcum,  use  of  oool  as  a  subotitnte  for,  to  induce  rapid  boOinc 1189 

Tannine,  dirome 1981 

Tartaric  acM,  Te  acM  salt  of 342 

Tartrates,  test  for,  drpmdlnc  on  the  formation  of  the  Cn-tartratc  oomplez 207 

Taste,  new  theory  relatfaiff  oonstltntion  to 855,  1378 

TeUnriom  salts,  prepn.  of  certain  org 342 

Telltirlttm  saUde,  diemlitijr  of 329 

Temperatmie,  standardisation  of  the  S  b.  p.,  745;  Metfabds  of  MeaMuing  (Griffiths,  book  re- 
view), 850;  calcn.  of  the,  ooeff.  of  the  distribtttion  ratio,  1718;  rdations  between  distribntion 

ratio,  and  eoncn.  In  system:  water-ether-suodnic  add 150,  1721 

Terpenes,  syntheeis  of  some  bomolocs  of  the 1676 

Tetrabramoeoshi,  and  derivt 1293 

Tetrabromoduoran 1291 

Tetrabromodttoresccin,  and  derivt 1293 

Tetrabromoduorescdn-carbinol-carboKylic  add,  and  di-NH4  salt 1295 

Tetrabromo-phenobalf onephthalein,  and  di-NH«  saH 1205.  1206 

Tetrabromo-phenottetrabromo-phthalein,  and  derivs 1292 

A'-Tctrahydroterephthalie  add,  hydrocarbons  from 1684 

Tetranitro-diphenylamine 1017 

Tctranltromethane,  Taper  pressure  of 1336 

Tetranltro-phenobalfonephthalein,  and  di-NH«  salt 1206,  1207 

TfetraphenykUarsine 2048 

ThaOinm  allojs,  oonod 1732 

Thiodiflyool 1427 

ThiodycoOie  add,  some  metallic  derirs.  of  ethyl  ester  of 777 

Thorium,  emanation  method  of  detff 42 

Thorium  D,  gamma  ray  actirity  of 50 

Thymol,  action  of  10%,  -CHOa  presenrative  on  the  CI  content  of  mine,  440;  nitro  derir.  of 2042 

Thymolsulfonic  adds,  action  of  CI  on 2034 

Tfai  chhiride,  decompn.  of  SnCh  by  water  and  by  KOH  solns 1969 

Tissue,  animal,  detn.  of  Au  in.  1;  method  of  analysis— applied  to  the  posterior  and  anterior  lobes 

of  cattle  pituitaries 1225 

Titration,  ekctrometric,  with  spedal  reference  to  the  detn.  of  ferrous  and  ferric  Fte.  1337;  dec 

app.  for  use  in  electrometric 1358 

o-Tolylallophanic  add,  ethyl  ester 1010 

o-Tolyiiso^ranuric  add,  and  Ar  salt 1009 

Transference  numbers,  of  the  formates  of  Na,  K  and  Ca  in  anhydrous  formic  add 1934 

•••Tribromo-bromopaeonol 262 

2,3,8.TribronMduglone,  and  Na  salt 838,    839 

2,4,6.Trichloro-3HMietaminophenol 463 

i^JV'.^,^,A-Trichlo(o-ethylidene.bls-«i.nitraniline 1864 

i\r  JV'.^,^,A-Trichloro-ethylidene-bis-o-nitraniline 1 863 

;^jy'^.^,A-Trichloro-ethyUdene.bis-^.nitraniUne 1864 

Trichlofomethyl  group,  action  of  CuO  with  compds.  contg.  the 1129 

Trimethylene»chlorohydiine,  chromane  from  phenol  and 669 

2,4,6.Trinitro-»-cresol 2046 

2,4,6.Trinitrophenol 2044,  2045 

2,4,6.Trinitroresordnol 2044,  2045 

l,l,4-Triphenyl.2-benaoyl-4-chlorobntene-3 1260 

a,'y.s-Triphenyl-^-bromo-pentanedione-«,« 1253 

g,Tri*-Triphenyl»^>dlbromo^>entanedione-«,« 1253 

Triphenylmethyl 1655 

Trisulfo-si-hydracybenaok  add,  action  of  CI  on 2037 

TyndaU  beam,  relation  between  the  Intensity  of.  and  concn.  of  suspensions  and  smokes,  300; 

rdation  between  Intensity  of,  and  siae  of  particles 575 

297 


IlLT&AiaCROSCOPB 3W 

Vhrandcroscopfc  particlM,  measuring  the  siae  of 312 


Digitized  by 


GooQle 


o-tTtamiiidbenzoic  add.  tad  Me  etter 2055.  2056 

Urea,  action  of  O  on 124 

Ureas,  four-membered  cydic,  370,  379;  action  of  NHi  and  amines  on  the  substituted 1004 

Ureides,  and  /9-substituted  ureides  of  ^T-arylglycine-arsonic  adds 1600 

Urethan,  compressibility  of  aq.  solns.,  59;  action  of  NH«  and  amines  on  the  substituted  derivs. 

of 1004 

Urine,  action  of  10%  thymol-CHClt  presenratiTe  on  the  Cl  content  of 440 

VaLBNCB*  ooflrdination  number  and  oovalence,  926;  relation  of  the  intensity  of  the  intermol. 

dectromagnetic  field  to  cohesion  and 974 

Vaninyl  acyl  amides 2121 

Vaninylamiae,  synthesis  of 1118 

Vapor  pressures,  of  the  H  halides  in  aq.  sdn 1991 

Vapors,  equation  of  state  for 589 

Vegetable  material,  detn.  of  caffdne  in 1298 

^bration.  of  dUdc  add  gels 1329 

"Vudn" 825 

Water,  polymerisation  of,  59;  relations  between  distribution  ratio,  temp,  and  concn.  in  ssrstem: 
ether-sucdnic  add-,  150,  1721;  surface  tension  of.  499;  emulsification  of.  and  of  NH4CI 
solns.  by  means  of  lampblack.  940;  adsorption  of  the  interface,  -benxene  as  compared  with 
that  on  the  surface  of  the  water,  990;  system:  BtiO-sucdnic  add-,  1719;  decompn.  of  SnCb 

by 1969 

WdgUng,  single  deflection  method  of n 1151 

Woodhonse.  James  (Smith,  book  reriew) 710 

1,2,4.x  YLBNOL.  nitro  deriv.  of 2042 

1 ,3,4.Xylenol,  aitro  derir.  of 2042 

I,4,5.Xyienol,  nitro  deriy.  of 2042 

Xylose,  prepn.  from  com  cobs 1002 

Yttrium,  at.  wt.  of 7i8 

Zinc,  detn.  as  the  sulfide,  487,  992;  sepn.  and  detn.  of  Ga  when  assocd.  with,  1491;  potential 

of  the.  electrode 1787 

Zinc  aceUte,  addition  compd.  with  quinoline 1028 

Zinc  oxide,  extn.  of  Ga  and  Ge  from 947 

Zirconium,  detn.  of 1801 

Zirconium  phosphate,  predpitation  of v 1802 

Zirconyl  chlorate 1725 

Zircooyl  compounds,  with  the  oxy>halogen  adds 1722 

Zirconyl  iodate 1722 

Zirconyl  perchloratc 1724 


Digitized  by 


GooQle 


Digitized  by 


GooQle 


Digitized  by  LjOOQIC 


Digitized  by  LjOOQIC 


Digitized  by 


GooQle 


Digitized  by 


GooQle 


PROCEEDINGS 


OF  THE 


American  Chemical  Society 


FOR  THE  YEAR  1919 


Ej\STON.  pa.: 

E.5CHLNBACH  PRINTING  COMPANY 

1919 


Digitized  by  LjOOQIC 


Digitized  by 


GooQle 


PROCEEDINGS. 


Contents. 


January. 

General  Society  Minutes  and  Reports i 

Council  Minutes i 

Directors'  Minutes 5 

Council 7 

Members  elected  between  Nov.  15  and  December  15,  1918 7 

Meetings  of  the  Sections: 

Cleveland  Section , .     11 

The  Manufacture  of  Enamel  Lined  Apparatus,  E.  P.  Poste.     Refractory 

Materials  as  a  Field  for  Research,  E.  W.  Washburn. 
Connecticut  Valley  Section 11 

Some  Problems  of  Gas  Warfare,  E.  B.  Spear. 
Detroit  Section 12 

The  Manufacture  of  Synthetic  Phenol  in  the  United  States,  L.  D.  Vorce. 

The  Industrial  Uses  of  Oxygen,  S.  H.  Calender.     Electric  Fiu-naces  for  the 

Laboratory,  W.  D.  Littie. 
Eastern  New  York  Section 12 

Projected  Arc  Images  in  a  New  Method  of  Chemical  Analysis  and  Photo 

Chemical  Uses  of  the  Flaming  Arc,  W.  R.  Mott. 
Georgia  Section 12 

The  Food  Constituents  and  Their  Utilization,  A.  M.  Muckenfuss. 
Indiana  Section 12 

Solubility,  E.  C.  H.  Davics. 
Louisiana  Section , 12 

The  Preparation  of  Active  Decolorizing  Carbons,  II,  F.  W.  Zerban. 

Maryland  Section 12 

Michigan  Agricultural  Cdlege  Sectiom 12 

Chemistry  after  the  War,  E.  W.  Rockwood. 
Milwaukee  Section 12 

Some  Results  of  New  Investigations  of  the  Chemistry  of  the  Keratins^  L. 

Kahlenberg.     Cooking  Food  Products  without  Loss  of  Flavor  or  Sub- 
stance by  Means  of  Low  Temperature  Combined  with  High  Atmospheric 

Pressure,  F.  S.  Hadley. 

Minnesota  Section 12 

Nashville  Section 13 

The  Potash  Situation,  E.  E.  Ransom.    Powder  Manufacturing  as  a  Chem- 
ical Industry,  C.  W.  Chappell. 
New  Haven  Section 13 

The  Metalliu-gy  and  Heat  Treatment  of  Ordnance  Steel,  C.  E.  McQuigg, 
New  York  Section 13 

The  Manufacture  of  and  the  Use  of  Toxic  Gases,  W.  H.  Walker.     The 

Manufacture  of  Gas  Defense  Apparatus,  B.  Dewey. 
Pittsburgh  Section 13 

Chemical  Considerations  in  Moulding  Sand  Practice  in  Europe  and  Amer- 


Digitized  by 


GooQle 


IV 

ica,  P.  G.  H.  Boswell.    S.  A.  T.  C.  at  the  University  of  Pittsbtirgh,  A.  Sil- 
verman. 

Rhode  Island  Section 13 

Some  Problems  of  Gas  Warfare,  E.  B.  Spear. 

Rochester  Section 13 

Gas  Warfare,  W.  D.  Bancroft. 

St.  Louis  Section 13 

Electrolytic  Zinc,  O.  H.  Pierce.  Coal-Tar  Crudes  and  Coal-Tar  Deriva- 
tives, J.  Bebie.    Coal-Tar  Crudes  and  Intermediates,  J.  Bebie. 

Sjrracuse  Section 14 

Some  Organic  Compotmds  of  Arsenic  of  Medicinal  Value,  R.  S.  Boehner. 

Washington  Section 14 

Preparation  of  Organic  Chemical  Reagents,  R.  Adams.  The  Value  of  a 
Musetun  of  Chemical  Compounds,  C.  L.  Alsberg. 

Western  New  York  Section 14 

The  Great  Bridge  Spans  of  America,  F.  W.  Skinner.  The  Chemist  of  the 
Future,  E.  Hendrick. 

Wisconsin  Section 14 

Some  Recent  Experiments  on  the  Add  Bessemer  Converter,  R.  S.  McCaf- 
fery.    The  Status  of  Chlorine  in  Plant  Nutrition,  W.  E.  Tottingham. 
Deceased  Members 14 

February. 

Report  of  the  Secretary  of  the  American  Chemical  Society  for  the  Year  1918. .    15 
Report  of  the  Editor  of  the  Journal  of  the  American  Chemical  Society  for  the 

Year  1918 .^ 18 

Report  of  the  Editor  of  Chemical  Abstracts  for  the  Year  1918 19 

Report  of  the  Editor  of  the  Journal  of  Industrial  and  Engineering  Chemistry  for 

the  Year  1918 21 

Coimdl 22 

Members  elected  between  December  15,  1918,  and  January  15,  1919 24 

Meetings  of  the  Sections: 

Alabama  Section 35 

A  Review  of  the  Sources  and  Production  of  Nitrogen  Compounds,  J.  P. 
Montgomery.  The  Criteria  in  the  Declaration  of  Chemical  Independence 
in  the  United  States,  I.  Newton  Kugelmass. 

Chicago  Section 33 

Some  Recent  Chemical  Researches  on  the  Preparation  of  Food,  Katherine 
Blunt. 

Cincinnati  Section 35 

On  the  Nature  of  Cohesion  and  Its  Relation  to  Chemical  Affinity,  Alfred 
P.  Mathews. 

Cleveland  Section 35 

The  Use  of  X-Rays  in  Crystal  Analysis,  Ancel  St.  John. 

Connecticut  Valley  Section 35 

The  Chemical  Aspects  of  Modem  Theories  of  Nutrition,  H.  W.  Wky. 

Delaware  Section 35 

Some  Phases  of  Reconstruction  in  Belgium,  A.  Knops.  Chemistry  as  She 
is  Taught,  A.  Smith. 

Detroit  Section 36 

The  Industrial  Uses  of  Oxygen,  S.  H.  Calender.  Electric  Furnaces  and 
Pyrometers.  W.  A.  Gatward.     Pharmaceutical  Chemistry,  F.  O.  Taylor. 


Digitized  by 


GooQle 


^iiall  Educational  Institutions  Continue  their  Former  Policy  of  Importing 

Apparatus  and  Chemicals,  Duty  Free?    J.  C.  Moore.     Codperation  between 

the  University  and  the  Manufacturing  Industries,  W.  L.  Badger. 
Indiana  Section 36 

Slag  Enclosure  in  Steel  and  Iron,  E.  O.  Mahin. 
Kansas  City  Section 36 

Chemistry  as  Applied  to  the  Flour  Industry,  C.  J.  Patterson. 
Lexington  Section 37 

The  Oxidation  of  Sulfur  in  Soils  as  a  Means  of  Increasing  the  Availability 

of  Mineral  Phosphates,  O.  N.  Shedd.    Note  on  the  Decomposition  of 

Diluted  Lime-Sulfur  Solution,  S.  D.  Averitt.    Gastric  Digestion,  O.  R. 

Clutter.    Gas  Warfare,  P.  S.  Bliunenthal  and  Wm.  Rodes. 
Maryland  Section 37 

Platinum,  S.  J.  Lloyd.    The  Study  of  the  Chemistry  of  Blood  and  Urine, 

E.  U.  McCdlum. 
Michigan  Agricultitfal  College  Section 37 

The  Manufacture  of  Picric  Add  in  United  States,  H.  S.  Reed. 
Nashville  Section 37 

Methods  of  Detecting  Small  Quantities  of  Gold,  W.  H.  HoUinshead. 
Pittsburgh  Section 37 

Ssmthetic  Phenol  Resins,  L.  V.  Redman. 
Philadelphia  Section 37 

Grinding  Wheels,  H.  A.  Plusch.    Airplane  Dopes,  W.  H.  Smith.    Export 

Trade  and  Chemicals,  C.  L.  Chandler.    The  Manufacture  of  Prussian  Blue 

and  Prussiates,  S.  Felton  Grove. 
Puget  Sound  Section 38 

The  Missing  Elements  with  Atomic  Numbers  43  and  75,  J.  D.  Ross. 
Rhode  Island  Section 39 

Recovery  of  Light  Oil  Products  at  the  Providence  Gas  Company,  W.  M. 

Russell. 
Rochester  Section 39 

Glass  Development  under  War  Pressure,  A.  L.  Day.    The  Development 

of  a  Research:  Synthetic  Indigo,  V.  J.  Chambers. 
St.  Louis  Section 39 

City  Milk  Supply,  C.  R.  NicoUs. 
Toledo  Section 39 

Chemistry  and  the  War,  H.  R.  Kreider. 
University  of  Illinois  Section 39 

The  Carbonization  of  Coal,  S.  W.  Parr  and  T.  E.  La3mg. 

University  of  Missouri  Section 39 

Virginia  Section 39 

0)rsters,  H.  V.  Stewart.    Tanning  and  Dye  Wood  Industry,  B.  A.  Gish. 

Gas  Warfare,  Captain  Bolenbaugh. 
Wisconsin  Section 40 

The  Chemical  Side  of  the  War,  Mayor  Victor  Lenher. 
Deceased 40 

March. 

Council 41 

Advisory  Committee  Meeting 41 

Report  of  the  Treasurer  for  the  Year  1918 42 


Digitized  by 


GooQle 


VI 

Members  elected  between  January  15  and  February  15,  1919 46 

Meetings  of  the  Sections: 

Ames  Section » 54 

Chemistry  after  the  War  and  the  Future  Policy  of  the  American  Chemical 

Society  (General  Discussion).     Poisonous  Gases:  Some  Chemical  Problems 

in  their  Manufacture,  J.  A.  Wilkinson. 
Chicago  Section 54 

Some  Recent  Researches  on  the  Chemistry  of  the  Keratins,  L.  Kahlenberg. 
Cincinnati  Section 54 

The  Use  of  Gas  in  Warfare,  R.  F.  Bacon. 
Cleveland  Section 54 

The  American  Chemist  in  the  Recent  War  and  His  Part  in  the  Futiu^  Devel- 
opment of  This  Country,  Major  General  W.  L.  Sibert. 
Connecticut  Valley  Section 54 

The  Refining  of  Copper,  Stanislaus  Skowronski. 
Cornell  Section 54 

Gas  Warfare,  Captain  H.  S.  Bennett. 
Delaware  Section 55 

Refractory  Materials  as  a  Fidd  for  Research,  E.  W.  Washburn. 
Lexington  Section 55 

Research  as  a  Factor  in  University  Progress,  F.  L,  McVey. 
Louisiana  Section 55 

American  Polariscope   (Discussion).     The  Deterioration  of    Cane    Sugar 

Caused  by  Fungi,  N.  Kopeloff  and  LiUian  KopelofiF. 
Maryland  Section 55 

The  Manufactiu-e  and  Use  of  Toxic  Gases,  Col.  W.  H.  Walker. 
Milwaukee  Section 55 

A  Symposium  on  the  Milwaukee  Water  Supply. 
New  Haven  Section , 55 

Laboratory  and  Table  Glassware,  S.  R.  Scholes. 
Northern  Intermoimtain  Section 55 

The  Relationship  of  the  Chemical  and  Bacteriological  Analysis  of  Water, 

J.  H.  Jonte.     Gas  Warfare,  G.  McMahon,  G.  Kildow. 
Philadelphia  Section 56 

The  Camera  and  the  War,  C.  E.  K.  Mees.     Charter  Revision,  R.  Duane. 

Lutes  and  Cements,  S.  Sadtler. 
Pittsburgh  Section , 56 

Tactical  Uses  of  Gases  in  Warfare,  Colonel  R.  F.  Bacon. , 
Puget  Sound  Section 56 

Research  Work  of  thp  Chemical  Warfare  Service,  H.  G.  Byers.     Engineer- 
ing Education,  J.  L.  Hall. 
Rhode  Island  Section 56 

Rhode  Island  Minerals  from  the  Standpoint  of  the  Ciurator,  H.  L.  Madison. 
Rochester  Section , ,. .     56 

Synthetic  Cyanide  and  its  Derivatives,  Freeman.    Fine  Organic  Chemicals, 

H.  T.  Clarke. 
St.  Lotus  Section 56 

The  Chemistry  of  the  North  American  Indians,  H.  M.  Whelpley. 
Syracuse  Section 56 

Piezo  Electricity,  A.  M.  Nicolson. 
Toledo  Section 57 

Activities  of  the  Chemical  Warfare  Section,  Col.  F.  M.  Dorsey. 


Digitized  by 


GooQle 


vn 

University  of  Illinois  Section 57 

Chemistry  of  Gas  Offensive  Warfare,  R.  Adams. 
University  of  Michigan  Section 57 

The  Early  History  of  the  Element,  W.  G.  Smeaton. 
University  of  Missouri  Section 57 

Operation    of    the    Respiration    Calorimeter,    C.    R.    Moulton.     Factors 

Effecting  the  Growth  of  Dairy  Cattle,  C.  H.  Eckles. 
Washington  Section 57 

Airplane  Dopes,  W.  H.  Smith.    The  Preparation  of  Metol,  R.  N.  Harger. 

The  Removal- of  Phosphine  from  Ammonia  Made  from  Cyanamide,  J.  D. 

Davis. 
Western  New  York  Section 57 

Relation  of  the  Patent  Lawyer  to  the  Chemist  and  Engineer,  J.  C.  Pennie. 
Deceased 57 

April. 

Minutes  of  the  Advisory  Committee  Meeting 59 

Members  elected  between  February  15  and  March  15,  1919 61 

Meetings  of  the  Sections: 

California  Section : 66 

Experiences  in  the  Chemical  Warfare  Service  with  the  American  Expedi- 
tionary Forces  in  France,  Lt.  Col.  J.  H.  Hildebrand.  Metallic  Salts  of  Tyrol, 
Indol,  and  Carbazol,  E.  C.  Franklin.  Manufacture  of  Gas  Defense 
Chemicals,  Capt.  W.  E.  Brophy. 

Cleveland  Section 66 

Industrial  Utilization  of  Chemical  Research,  Arthtu-  D.  Little. 

Detroit  Section 66 

Shall  Educational  Institutions  Continue  the  Plan  of  Importing  Chemicals 
and  Apparatus,  Duty  Free?  J.  C.  Moore.  Aids  in  Laboratory  Technique, 
H.  Spurrier. 

Indiana  Section * 66 

Creosote  Oils,  Then-  Grading,  Use  and  Production,  T.  W.  Smith.  An 
Epizootic  Apparently  Due  to  the  Assumption  of  High  Pathogenicity  by  an 
Organism  Usually  a  Non-Pathogen,  E.  A.  Cahill.  Mustard  Gas  and  Other 
War  Gases,  G.  H.  A.  Clowes. 

Maryland  Section 66 

Gas  Defense,  A.  B.  Lamb. 

Michigan  Agricultural  College 66 

Experiences  at  the  American  University,  Washington,  D.  C,  during  the 
War,  E.  J.  Miller.     Symposium  on  Phosphorus,  A.  J.  Patten. 

Milwaukee  Section 67 

Gas  and  Flame  as  Modem  Weapons  of  Warfare,  Major  J.  H.  Mathews. 

Nashville  Section 67 

Atmospheric  Carbon  Dioxide  and  Its  Relation  to  Human  Life,  H.  A.  Webb. 

New  Haven  Section 67 

The  Future  of  Industrial  Organic  Chemistry,  H.  Hibbert. 

New  York  Section 67 

The  True  Story  of  Camouflage,  M.  Toch.  Aerial  Photography,  N.  Bron- 
son. 

Pittsburgh  Section 67 

The  Selection,  Production  and  Development  of  Aircraft  Material,  Major 
G.  L.  Norris. 
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Puget  Sound  Section 67 

The  Metallography  of  Electric  Welding,  A.  G.  Bisaell.    A  Survey  of  Chem- 
ical Manufacturing  Possibilities,  H.  K.  Benson. 
Rhode  Island  Section 67 

The  Development  of  the  Gas  Pilled  Lamp,  W.  E.  Smith. 
Rochester  Section 67 

Cdlulose,  H.  LeB.  Gray. 
St.  Louis  Section 67 

Some  Chemical  Problems  of  the  Feeding  Stuff  Industry,  G.  P.  Plaisance. 
Sjrracuse  Section 68 

Piezo  Electricity,  A.  McL.  Nicolson. 
Toledo  Section 68 

Colloids,  H.  N.  Holmes. 
University  of  lUino's  Section 68 

Valence,  W.  A.  Nojres. 
University  of  Michigan  Section 68 

Notes  on  Some  Modem  Explosives,  M.  Gomberg. 
Vermont  Section 68 

Gas  Warfare,  C.  R.  Hoover. 
Virginia  Section 68 

Poisons  and  Poisonings,  J.  M.  Whitfield. 
Washington  Section 68 

Present  Status  of  the  Nitrate  Industry  in  the  United  States,  A.  H.  White. 

The  National  Research  Council,  J.  Johnston.     Chemical  Protection  against 

Poisonous  Ga%s,  A.  B.  Lamb. 
Deceased 68 

May. 

Minutes  of  the  General  Meeting,  Buffalo,  N.  Y 83 

Minutes  of  the  Direct«rs*  Meeting 84 

Council  Minutes 85 

Members  elected  between  March  15  and  April  15,  1919 iq3 

Meetings  of  the  Sections: 

Ames  Section io8 

P3nx>metry,  Especially  as  Applied  to  Industrial  Measurements  of  High 
Temperatures,  O.  L.  Kowalke. 

California  Section 108 

Some  Chemical  and  Medical  Properties  of  the  Saocharomyoes  Cerevistae 
(Yeast),  H.  Amstein. 

Chicago  Section 108 

Dietetics  of  Butter  and  Oleomargarine,  W.  D.  Richardson.  Explosives, 
W.  V.  Evans.  Food  and  Nutrition  Survey,  C.  K.  Beebe.  Gas  Produc- 
tion, L.  Hellerman.  Gas  Service  in  the  Field,  E.  D.  Gothwaite.  Ex- 
periences and  Experiments,  C.  H.  Milligan.  Research  in  the  C.  W.  S.,  G. 
L.  Wendt. 

Cleveland  Section 109 

Activities  of  the  Offensive  Division,  Chemical  Warfare  Service,  Wm.  Mc- 
Pherson. 

Coltmibus  Section 109 

The  Inter-Allied  Gas  Warfare  Conference,  Wm.  McPherson.  Interesting 
Engineering  Features  of  Gas  Warfare  Production,  D.  J.  Demorest 
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Connectkut  VaDcy  Sectkm 109 

The  Relation  of  Fertilizers  to  Pood  Production  in  the  United  States,  B.  J. 
Pranke.    Wheat  Flour  and  Its  Toxic  Action  on  Yeasts,  Chas.  A.  Glabau. 

Delaware  Section 109 

Camphor  Cultivation  in  the  United  States,  P.  A.  Gudger.  Colloid  Chem- 
istry, W.  D.  Bancroft. 

Detroit  Section 109 

Detroit's  Need  of  a  Piltering  Plant,  J.  £.  Clarke.  Pharmaceutical  Sol- 
vents. W.  Scoville. 

Eastern   New   York   Section 109 

A  New  Theory  of  Atomic  Structure,  Irving  Langmnir. 

Georgia  Section 109 

Chemical  Warfare  Service,  C.  L.  Parsons.  A  Compendia  of  American 
Chemical  Literature,  A.  Seidell. 

Indiana  Section 109 

Nux  Vomica  and  its  Alkaloids,  I.  L.  Miller.  Sausages,  H.  E.  Bishop.  The 
Function  of  a  Laboratory  in  Water  Purification,  L.  R.  Taylor. 

Kansas  City  Section no 

Applications  of  Electrometric  Methods  of  Determining  Acidity  in  Soils, 
Pkmr,  and  Amino  Adds,  E.  L.  Tague. 

Lehigh  Valley  Section no 

Chemical  Literature,  Harvey  P.  Mack.  Production  of  Pure  Chemicals, 
George  P.  Adamson.  Cement  Production,  Louis  Anderson.  Analytical 
Chemistry,  Porter  W.  Shimer.    Education  of  Chemists,  Edward  Hart. 

Louisiana  Section no 

A  Critical  Study  of  the  Development  of  the  Sugar  Industry,  L.  A.  Becnel. 
How  the  Chemist  Can  Best  Help  the  Community,  W.  L.  Howell,  C.  P. 
Williamson,  Jr.,  P.  W.  Liepsner. 

Michigan  Agricultural  College  Section no 

The  Measurement  of  Hydrogen  ion  Concentration,  and  Some  of  its  Chemical 
and  Biological  Applications,  C.  S.  Robinson. 

Milwaukee  Section no 

Applied  Meteorology,  A.  A.  Justice. 

Minnesota  Section no 

Research  in  Offense;  Problems  in  Gas  Warfare,  Lauder  W.  Jones. 

Nashville  Section no 

The  Desiccation  of  Vegetables,  H.  L.  Walter.  Some  Substances  which 
Interfere  with  Color  Tests,  E.  A.  Ruddiman. 

Philadelphia  Section no 

Chemicals  from  Kelp,  C.  E.  Vanderkleed.  The  Recovery  of  Collodion 
Solvents  in  the  Manufacture  of  Welsbach  Mantles,  C.  A.  Dodge.  How  the 
Chemist  Can  Use  the  Commercial  Museum,  W.  P.  ^^^Ison.  Philadelphia 
as  a  Commercial  Center,  E.  J.  Cattell.  A  Glimpse  of  Some  Textile  Proc- 
esses, Elmer  C.  Bertolet. 

Pittsburgh  Section in 

Gas  Plame  and  Smoke  in  this  War,  and  the  Next,  W.  H.  Walker.  The 
Relation  between  Chemical  Structure  and  Phjrsiological  Action,  Jacob 
RosenUoom. 

Puget  Sound  Section in 

Sympathetic  Inks,  Pred.  C.  Heath.  Manufacture  of  To^  Wim:  Gf^s^, 
T.  Q.  Thompson. 
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Rhode  Island  Section iii 

Chemical  Warfare,  W.  K.  Lewis. 
Rochester  Section iii 

Utilization  of  Kelp,  C.  A.  Higgins.     The  Test  Due  at  Woric  with  the  Yard 

Stick,  H.  E.  Howe.    Experiences  in  Service,  Harry  A.  Carpenter,  W.  G.  O. 

Christiansen,  Otto  Cook,  Ivar  Hultman,  Garson  Meyer,  Thomas  Murray, 

Lewis  G.  Smith,  Leon  S.  Ward,  Roland  T.  Wll,  Gerald  Yoimg. 
St.  Louis  Section iii 

The  Chemistry  of  Mesothorium,  Herman  Schlundt. 
Syracuse  Section iii 

Fine  Organic  Chemicals,  H.  T.  Clarke. 
Toledo  Section in 

A  Study  of  the  Mechanism  of  Certain  Reactions  of  Hjrdroxylamin,  A. 

MacKenzie.     Testing  Dry  Cells,  Ida  F.  Starkweather.    Railway  Signalling, 

R.  W.  Erwin. 
University  of  lUinois  Section i ii 

Heterogeneous  Equilibria  between  Ac}ueous  and  Metallic  Solutions,  G.  McP. 

Smith.    Some  Phases  in  the  Development  of  the  Paint  Industry,  E.  C. 

Holton. 
University  of  Michigan  Section 112 

Aerial  Photography  in  War  Time  and  Peace,  Theodore  Williams. 
University  of  Missouri  Section 112 

Manufacture  of  Smokeless  Powder,  Mary  V.  Dover. 
Virginia  Section 112 

The  Perfection  of  a  Paper  Product  to  Filter  Toxic  and  Irritating  Smokes 

Out  of  the  Air,  H.  W.  Ellerson.    Some  of  the  Problems  Connected  with  the 

Platinum  Group  of  Metals,  J.  L.  Howe. 
Washington  Section 112 

Optical  Glass,  A.  L.  Day. 
Wisconsin  Section 112 

The  Use  of  Metal  as  Cataljrsts  in  Hydrogenatioa — ^The  Role  of  the  Metal. 

L.  Kahlenberg.     The  Organic  Aspect  of  Reduction,  E.  Kremers.     Reduction 

of  Azulene,  R.  E.  Kremers.    Hydrogenation  of  Cottonseed  Oil,  G.  Ritter. 

The  Reduction  of  D!hydrox3rthymoquinone,  Nellie  Wakeman. 
Deceased 112 

June. 

Cotmdl 113 

Members  elected  between  April  15  and  May  15,  1919 113 

Meetings  of  the  Sections: 

Alabama  Section 116 

Agricultural  Experiment  Station  and  Extension  Work  in  Alabama,  J.  F. 

Duggar.     Soil  Acidity  in  its  Relation  to  Plant  Growth,  M.  J.  Funchess. 
Ames  Section 1 16 

Some  Interrelations  of  Biochemistry  and  Bacteriology,  R.  E.  Buchanan. 
California  Section 116 

Making  Potash  at  Searles  Lake,  A.  W.  Morse. 
Chicago  Section 1 16 

The  Chemistry  of  the  Nerve  Impulses,  A.  P.  Mathews. 
Cincinnati  Section 116 

On  the  Penetration  of  "Mustard  Gas"  and  Other  War  Gases  into  Living 

Tissue  and  the  Mechanism  of  their  Destructive  Action,  G.  H.  A.  Clowes. 
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Cohunt^  Section 1 16 

Emulsions,  Harry  N.  Holmes. 

Connecticut  Valley  Section 1 16 

Rubber,  Theodore  Whittlesey. 

Cornell  Section 1 17 

Celhilose,  H.  LeB.  Gray.  The  Primer  Inspection  Laboratory  of  the  Ord- 
nance Department  and  its  Work,  E.  M.  Chamot. 

Delaware  Section 117 

Tlie  Work  and  Future  of  the  University  Union  in  Europe,  H.  B.  Thompson. 
Flotation— Wolf  Hall,  Wm.  G.  Grosvenor. 

Indiana  Section 117 

The  Chemistry  of  Electrical  Discharge  through  Gases,  F.  O.  AAderegg. 

Iowa  Section 117 

Atomic  Surfaces  and  Molecular  Attraction,  W.  D.  Harkins.  Chemical 
Examination  of  Some  Dolomites,  Nicholas  Knight.  The  Manufacture  of 
Ammonium  Nitrate  for  Explosives,  J.  A.  Bahm.  Steric  Effects  In  the  Acyla- 
tion  of  Amino  Phenols,  L.  Chas.  Raiford. 

Kansas  City  Section 117 

Hydrocarbons,  Gustav  Egloff.  Chemical  Warfare  Service  Laboratories 
in  Paris,  G.  W.  Stratton. 

Lehigh  Valley  Section 117 

Potash  Recovery,  R.  K.  Meade. 

Lexington  Section 117 

Gas  Warfare,  A.  S.  Loevenhart.  Xke  Twitchell  Process  in  the  Saponifi- 
cation   of    Fats,    A.    O.    Snoddy. 

Louisiana  Section ji8 

A  Discussion  and  Criticism  of  Current  Analytical  Methods;  Old  and 
New  Uses  of  Industrial  Alcohol,  F.  W.  Leipsner. 

Maryland  Section 118 

Colloids,  W.  D.  Bancroft  The  Moisture  Content  of  Coal,  with  Some 
General  Remarks  on  the  Genesis  of  Coal,  G.  A.  Hulett  Some  Commer- 
cial Aspects  of  the  Haber  Process,  Taylor. 

Milwaukee  Section 118 

Some  Experiences  of  a  Gas  Officer  in  the  First  Army,  A.  E.  F.,  J.  H.  Walton. 
A  Talk  on  Oils,  P.  H.  Peters.     Insecticides,  C.  B.  Dickey. 

Minnesota  Section 118 

Contribution  of  Raditmi  to  Chemistry  and  Medicine,  G.  L.  Wendt. 

Nashville  Section 118 

The  Paragenesis  of  Some  Tennessee  Minerals,  W.  A.  Nelson. 

New  Haven  Section 1 18 

Some  Bearings  of  Physical  Chemistry  on  Technical  Problems,  John  John- 
ston. 

New  York  Section 118 

American  Scientific  Glass — The  Reward  of  Research,  H.  E.  Howe. 

Philadelphia  Section n8 

Plaxming  a  Factory,  E.  L.  Knoedler.     Chemistry  and  Commerce,  C.  O. 

.   Althouse. 

Pittsbiurgh  Section 1 19 

Recent  Investigations  in  the  Chemistry  of  Nutrition,  E.  V.  McCollum. 

Puget  Sound  Section 119 

Methods  for  Determination  of  Manganese,  T.  Dunlap.     What  Industry 
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Bxpects  of  the  Student  H.  K.  Benson.     Addition  vs,  Di«ociatioa,  W.  L. 

GOliland. 
Rhode  Island  Section 119 

Ssmthetic  Rubber,  R.  B.  Earle. 
Rochester  Section 1 19 

Some  Practical  Applications  of  the  Hydrogen  Ion  Concentration  ol  Milk, 

L.  L.  Van  Sl]rke.    Cooperative  Research  Laboratories,  C.  S.  Kenneth  Mees. 
St.  Louis  Section 119 

Some  Recent  Studies  Connected  with  the  Coking  of  Coal,  S.  W.  Parr. 
Southern  California  Section 1 19 

Leaves  from  a  Chemist's  Note  Book  on  the  Work  of  the  Agricultural  Ex- 
periment Stations,  S.  R.  MitcheU. 
University  of  Missouri  Section 1 19 

Control  and  Function  of  Pigments  in  Fowls,  L.  S.  Palmer. 
Vermont  Section 119 

Chemical  Microscopy,  E.  M.  Chamot. 
^rginia  Section 119 

Recent  Advances  in  Ph3rsics,  R.  E.  Loving. 
Wisconsin  Section. lao 

Adjusting  the  American  Army  to  the  Conditions  of  Gas  Warfare,  J.  H. 

Walton. 
Deceased 120 

July. 

Council 121 

Members  elected  between  May  15  and  June  15,  1919 121 

Meetings  of  the  Sections: 

Chicago  Section 123 

The  Chemical  Exposition,  C.  F.  Roth. 

Cleveland  Section 123 

Chemistry  and  Human  Efficiency,  C.  H.  Herty. 

Connecticut  Valley  Section 123 

Cornell  Section 124 

Optical  Glass  for  War  Purposes,  A.  L.  Day.    The  Dennis-Barett  War 
Plant  for  Synthetic  Phenol,  F.  B.  Johnson. 

Detroit  Section 124 

Lexington  Section 124 

The  Use  of  the  Microscope  in  Analjrtical  Chemistry,  E.  M.  Chamot. 

Minnesota  Section 124 

Organic  Mercurials,  F.  C.  Whitmore. 

Nashville  Section 124 

New  Haven  Section 124 

War  Gases,  P.  P.  Underbill. 

New  York  Section 124 

Studies  in  Chemotherapy:  (A)  The  Synthesis  of  New  Types  of  Arsenic 
Compounds,  W.  A.  Jacobs  and  M.  Heidelberger;  (B)  Biological  Studies  on 
the  New  Types  of  Arsenic  Compounds,  W.  H.  Brown  and  L.  Pearce.  Tech- 
nology of  Organic  Arsenicals — Particularly  Arsphenamine,  A.  E.  Shemdal. 
Synthetic  Studies  on  the  Cinchona  Alkaloids,  M.  Heidelberger  and  W.  A. 
Jacobs.  Developments  in  the  Production  of  Cinchona  Atkalpids,  H. 
Schaefifer. 
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North  Carolina  Section 124 

Some  Recent  Developments  in  the  Manufacture  of  Metallic  Tantalum  and 
Columbium,  B.  S.  Ross.  New  Naphthalene  "Dy^,  A.  S.  Wheeler.  Inves- 
tigations on  the  Nitrotoluenes,  J.  M.  Bell.  A  New  Seed  Oil  from  the 
Cockle-burr,  L.  B.  Rhodes.  Certain  Compounds  of  Zirconitmi  and  Oxy- 
halogen  Adds,  F.  P.  Venable  and  I.  W.  Smithy.  The  Reaction  between 
Hydrochloric  Actd  and  Potassium  Permanganate,  F.  P.  Venable  and  D. 
H.  Jackson. 

Northern  Intermountain  Section 125 

Ferro-Tungsten,  C.  G.  Warfel.  Instantaneous  Reactions  in  Non-Aqueous 
Solutions,  C.  J.  Baldwin. 

St.  Louis  Section 125 

The  Work  of  the  Edgewood  Arsenal,  G.  F.  Siemers.  Chemical  Warfare 
Service  with  the  American  Expeditionary  Forces,  M.  B.  Webber. 

Southeast  Texas  Section 125 

Synthetic  Ammonium  Nitrate  Manufacture  at  Sheffield,  Alabama,  S.  P. 
Puddicomb.  Color  Photography,  F.  Hall.  The  Activities  of  the  Ameri- 
can University  Station  during  the  War,  B.  Streeter.  Properties  and  Treat- 
ment of  Oil-Field  Emulsions  (Goose  Creek  Emulsions),  J.  L.  Shrttivk. 

Syracuse  Section 125 

The  Arrangement  of  Electrons  in  the  Atom  and  the  Molecule,  I.  Langmuir. 

University  of  Illinois  Section 125 

The  Quinhydrone  Hypothesis  of  Plant  Pigmentation,  B.  Kremers. 

University  of  Michigan  Section 125 

The  Problems  and  the  Equipment  of  the  Evaporator  Laboratory,  W.  L. 
Badger. 

Washington  Section 125 

The  Work  of  the  Color  Laboratory  of  the  Bureau  of  Chemistry,  H.  D. 
Gibbs.    The  Commercial  Preparation  and  Some  of  the  Commercial  Applica- 
tions of  the  Enzymes  Invertase,  K.  P.  Munroe. 
Deceased 126 

August. 

Council 127 

Members  elected  between  Jtme  15  and  July  15,  1919 127 

Meetings  of  the  Sections: 

Toledo  Section 128 

Railway  Signalling,  R.  W.  Erwin. 

Van't  Hoff  Fund 128 

Deceased 129 

September. 

Council 131 

Members  elected  between  July  15  and  August  15,  1919 131 

Meetings  of  the  Sections: 

California  Section 132 

Positive  and  Negative  Valence,  W.  A.  Noyes.     Chemistry  and  Nayal  W|ur- 
fare,  J.  Kendall. 
Deceased  Members ,,..,...,...   132 

October. 

Minutes  of  Directors*  Meeting ....?.   133 

Minutes  of  th^  Q^efsi  Meetingi  Philadelphia,  P^.,  Sept.  ?-^,  ¥9iQ ,...,.,.,.   134 
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Minutes  of  Council  Meeting 138 

Members  elected  between  August  15  and  September  15,  1919 144 

Deceased  Members 146 

November. 

Council 147 

Members  elected  between  September  15  and  October  15,  1919 147 

Report  of  Committee  on  the  Late  Lord  Rayleigh 149 

Meetings  of  the  Sections: 

Alabama  Section 151 

Some  Volatile  Oils  from  Native  Alabama  Plants,  E.  R.  Miller.     Chemistry 

in  the  Foimdry,  J.  T.  MacKenzie. 
California  Section 151 

Research  behind  the  Battle  Line,  J.  H.  Hildebrand. 
Cincinnati  Section 151 

Chemical  Change  during  the  Passage  of  Nerve  Impulse,  S.  Tasfairo. 
Connecticut  Valley  Section 151 

Some  Phases  of  Gas  Defence  Woiic,  F.  P.  Underhill. 
Lexington  Section 151 

An  Account  of  the  Philadelphia  Meeting,  F.  E.  Tuttle.     The  Cause  of 

Deterioration  and  Spoiling  of  Com  and  Com  Meal,   J.  S.   McHargue. 

The  Effect  of  Calcium  on  the  Composition  of  the  Eggs  and  Carcass  of  the 

Laying  Hen,  G.  D.  Budmer. 

Louisville  Section 152 

New  York  Section 152 

The  Future  of  Industrial  Alcohols,  B.  R.  Timison.     Ethyl  Alcohol  from 

Wood  Waste,  F.  W.  Kressmann.   Higher  Alcohols,  G.  F.  Richmond.   Aioohol 

from  Sulfite  Waste  Liquor,  R.  H.  McKee.    Use  of  Alcohol  in  the  Dye 

Industry,  L.  H.  Cretdier. 
Pittsburgh  Section 152 

Chemical  War  Industries  Board;  Conditions  Abroad,  C.  H.  McDowell. 

Problems  Relating  to  the  Chemistry  of  Coal,  R.  Thiessen. 
Rochester  Section 152 

The  Chemistry  of  Nitrogen,  A.  W.  Browne. 
Southeast  Texas  Section 152 

Chemistry  of  the  Packing  Plant,  L.  S.  Bushnell. 
Deceased  Members 152 

December. 

Council 153 

Members  elected  between  October  15  and  November  15,  1919 153 

Meetings  of  the  Sections: 

Cincinnati  Section 156 

The  Rare  Earths,  Their  Production  and  Utilization,  H.  S.  Miner. 

Cleveland  Section 156 

Some  Principles  Underlying  Mtmicipal  Gas  and  Fuel  Supply,  R.  S.  McBride. 

Cornell  Section 157 

Gas  Warfare,  L.  A.  Ma3mard. 

Delaware  Section 157 

The  Rubber  Industry,  W.  C.  Geer. 

Detroit  Section 157 

The  Cause  of  the  Sweet  Taste  of  Organic  Compounds,  J.  H.  Ransom. 
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Indiana  Section 157 

Some  Experiments  with  Free  Fluorine,  Frank  C.  Mathers.  The  Water 
Purification  Plants  of  the  Army  Cantonments  in  the  United  States,  Major 
H.  E.  Jordan.  The  Water  Purification  Plants  of  France,  Captain  J.  C. 
Diggs. 

Lehigh  Valley  Section 157 
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nrgy — ^Educationally  and  Technically,  J.  W.  Richards.  Chemistry  at 
Lehigh  University,  H.  W.  UUmanu.  Fuel  Products,  D.  S.  Chamberlain. 
Linseed  Oil  in  the  Patent  Leather  Industry,  J.  S.  Long. 
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The  Rare  Earths,  Their  Production  and  Utilization,  Harlan  S.  Miner. 

Maryland  Section 158 
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Imbibition,  J.  A.  Wilson. 
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Aristol,  G.  H.  Woollett.  Some  Experiences  during  the  Crisis  of  19 14-15 
in  the  American  Dye  Industry,  L.  J.  Matos. 
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Drug  Standardization,  O.  V.  R.  Smith. 

New  York  Section 158 

The  Future  of  Industrial  Alcohols,  B.  R.  Tunison.  Ethyl  Alcohol  from 
Wood  Waste,  F.  W.  Kressman.  Alcohol  from  Sulphite  Waste  Liquor, 
R.  H.  McKee.  Use  of  Alcohol  in  the  Dye  Industry,  L.  H.  Cretcher.  Higher 
Alcohols,  G.  F.  Richmond.  Cellulose:  Present  Day  Problems,  W.  P. 
Cohoe.  Cellulose  Hydration  Problems,  J.  E.  Minor;  read  by  Dr.  Wm.  H. 
Gesell.  Nitrocellulose  from  Wood  Pidp,  H.  Bradshaw,  R.  G.  Woodbridge, 
Jr. 

Philadelphia  Section 159 

Bubbles,  Lt.-Col.  W.  D.  Bancroft. 

Puget  Sound  Section 159 

The  Work  of  the  Chemist  in  the  Condensed  Milk  Industry  with  Special 
Reference  to  Recent  Development  in  Laboratory  Methods,  P.  A.  Cor- 
nelius. 

Rochester  Section 159 

The  Milk  Problem  in  Rochester  and  Elsewhere,  C.  E.  North.  Micro- 
structure  of  Plain  Carbon  Steels  and  Some  Defects  Usually  Encoimtered, 
W.  B.  Miller. 
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thesis of  Carbohydrates  in  the  Plant,  F.  W.  Muncie. 
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The  Chemical  Welfare  Service  Training  Division,  Major  R.  A.  Baker. 
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The  Fixation  of  Nitrogen,  Colonel  Alfred  H.  White. 

University  of  Illinois  Section 160 

Structure  of  the  Atoms  and  Its  Bearing  on  Chemical  Valence,  I.  Langmuir. 

University  of  Michigan 160 

The  Fucation  of  Nitrogen,  A.  H.  White. 
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Univcrrity  of  Missouri  Section i6i 

Effects  and  Treatment  of  Gas  Poisoning,  H.  D.  Hooker,  Jr. 

Virginia  Section i6i 

Some  Phases  of  the  Problems  of  Fixation  of  Nitrogen,  Graham  Edgar. 

Washington  Section i6i 

Vanillyl  Acid  Amides,  E.  K.  Nelson.  Growth  Experiments  with  the  Pro- 
teins of  the  Navy  Bean,  C.  O.  Johns  and  A.  J.  Finka.  A  New  Hexabromide 
Method  for  Linseed  Oil,  L.  L.  Steele  and  F.  M.  Waahbnm.  Manufactnre  of 
Commercial  Casein,  W.  M.  Clark  and  H.  F.  2k>ller.  Status  and  Prospects  of 
the  Dye  Industry  in  the  United  States,  C.  L.  Reese.  Crystallography  in 
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MEETINGS  OP  THE  SECTIONS. 

[Full  accounts  of  all  meetings  should  be  sent  to  Secretary  Charles  h.  Parsons, 
Box  1505,  Washington,  D.  C] 

CHICAGO  SECTION. 

The  regular  meeting  was  held  Jime  13.    Program:  "The  Chemical 

Exposition,"  by  Charles  F.  Roth.  r.  j.  Qanm,  secretary. 

CLEVBI#AND  SECTION. 

The  regular  meeting  was  held  May  23.    Program:  ''Chemistry  and 
Human  ^dency,"  by  Charles  H.  Herty.  r  d.  lamdeum,  secretary. 

CONNBCTICUT  VALI^Y  SECTION. 

At  the  last  meeting  the  following  officers  for  the  ensuing  year  were 
elected:    Chairman,  C.   R.   Hoover;   Vice-Chairman,  J.   H.   Chamber- 
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lin;  Treasurer,  George  Hogaboom;  Secretary,  William  Haine;  Councilor^ 

C.  R.  Hoover.  WtaAiAM  Haims.  SeargUtry 

CORNHIX  SBCnON. 

The  regular  meeting  was  held  May  27.  Program:  "Optical  Glass  for 
War  Pmposes,"  by  A.  L.  Day. 

A  meeting  was  held  June  10.  Program:  "The  Dennis-Barrett  War 
Plant  for  Synthetic  Phenol/'  by  P.  B.  Johnson.         w.  s.  fkoot.  s^ertiary, 

DBTROIT  SECTION. 

The  following  officers  for  the  ensuing  year  were  elected  at  the  May 
meeting:  Chairman,  E.  E.  Follin;  Vtce-Gtairman,  Edward  Whitney; 
Secretary,  Don.  S.  Perry;  Treasurer,  J.  C.  Moore;  Councilors,  H.  C.  Hamil- 
ton, L.  D.  Vorce.  rna,  3.  p«ut.  Stcnian 

LEXINGTON  SECTION. 

The  55th  meeting  was  held  May  21.  Prc^am:  "The  Use  of  the  Micro- 
scope in  Analytical  Chemistry/'  by  E.  M.  Chamot 

0«o.  R.  BAMCKOfT,  Surttvy, 
BONNESOTA  SECTION. 

The  regtdar  meeting  was  held  June  6.  Program:  "Organic  Mercurials/' 
by  Frank  C.  Whitmore.  '^tv,^,*^m  cohbm,  surttary. 

NASHVILLE  SECTION. 

The  following  officers  for  the  ensuing  year  have  been  elected:  Chair- 
man,  Edsd  A.  Ruddiman;  Vice-Chairman,  J.  W.  Sample;  Councilor^ 
J.  I.  D.  Hinds;  Secretary-Treasurer,  H.  A.  Webb.      h.  a  w«b».  sserHary. 

NEW  HAVEN  SECTION. 

A  meeting  was  held  Jime  9.    Program:  "War  Gases/'  by  Frank  P. 

Underbill.  Awphu*  J.  hill,  Sscrttary. 

NEW  YORK  SECTION. 

The  r^ular  meeting  was  held  Jtme  6.  Program:  "Studies  in  Chemo- 
therapy"— (a)  "The  Sjmthesis  of  New  Tjrpes  of  Arsenic  Compounds," 
by  Walter  A.  Jacobs  and  Michael  Hddelberger;  (6)  "Biological  Studies  on 
the  New  Types  of  Arsenic  Compounds/'  by  Wade  H.  Brown  and  Louise 
Pearce;  "Technology  of  Organic  Arsenicals — Particularly  Arsphenamine/* 
by  A.  E.  Shemdal;  "S3mthetic  Studies  on  the  Cinchona  Alkaloids/'  by 
Michael  Heidelberger  and  Walter  A.  Jacobs;  "Developments  in  the  Pro- 
duction of  Cinchona  Alkaloids/'  by  Hugo  Schaeffer. 

HmtBSKT  O.  SiDBBonoii,  Stcritary. 
NORTH  CAROUNA  SECTION. 

The  Spring  meeting  was  held  May  3.  Program :  "Some  Recent  Devel<^ 
ments  in  the  Manufacture  of  Metallic  Tantalum  and  Columbium/'  by 
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Edgar  S.  Ross;  "New  Naphthalene  Dyes,"  by  A.  S.  Wheeler;  "Investiga- 
tions on  the  Nitrotoluenes,"  by  J.  M.  Bell;  "A  New  Seed  Oil  from  the 
Cockle-burr,"  by  L.  B.  Rhodes;, "Certain  Compotmds  of  Zirconium  and 
Oxy-halogen  Adds,"  by  F.  P.  Venable  and  I.  W.  Smithy;  "The  Reaction 
between  Hydrochloric  Add  and  Potassiiun  Permanganate,"  by  F.  P. 
Venable  and  D.  H.  Jackson.  l.  b.  rhodm.  secrttary. 

NORTHERN  INTERMOUNTAIN  SBCTION. 

The  regular  meeting  was  held  June  7.  Program :  "Ferro-Timgsten,"  by 
C.  G.  Warfel;  "Instantaneous  Reactions  in  Non-Aqueous  Solutions,"  by 
C.  J.  Baldwin.  The  following  oflBcers  for  the  ensuing  year  were  elected: 
Chairman^  J.  A.  Kostalek;  Vice-Chairman^  R.  P.  Cope;  Secretary-Treasurer^ 
Chas.  H.  Hunt;  Councilor,  Ray  E.  Nddig.  chas.  h.  humt,  seauary. 

ST.  LOUIS  SECTION. 

The  r^;ular  meeting  was  hdd  Jtme  2.  Program:  "The  Work  of  the 
Edgewood  Arsenal,"  by  Gustav  F.  Siemers;  "Chemical  Warfare  Service 
with  the  American  Expeditionary  Forces,"  by  M.  Ebbert  Webber. 

T.  R.  Ball,  Secrttary. 
SOUTHEAST  TEXAS  SECTION. 

The  regular  meeting  was  hdd  April  26.  Program:  "Synthetic  Am- 
monium Nitrate  Manufacttu-e  at  Sheffidd,  Alabama,"  by  Sydney  P. 
Puddicomb;  "Color  Photography."  by  Frank  Hall;  "The  Activities  of 
the  American  University  Station  during  the  War,"  by  Elford  Streeter. 

The  8th  meeting  was  hdd  May  31.  Program:  "Properties  and  Treat- 
ment of  Oil-Fidd  Emulsions  (Goose  Creek  Emulsions),"  by  J.  L.  Shrttivk. 

p.  S.  TiLSOif,  Stcrttary* 
SYRACUSE  SECTION. 

The  131st  meeting  was  hdd  May  16.  Program:  "The  Arrangement  of 
Electrons  in  the  Atom  and  the  Molecule,"  by  Irving  Langmuir. 

J.  M.  JORLnr,  Secretary. 
UNIVERSITY  OF  ILLINOIS  SECTION. 

The  103d  meeting  was  hdd  May  20.  Program:  "The  Quinhydrone 
Hypothesis  of  Plant  Pigmentation,"  by  Edward  Kremers. 

S.  A.  BralST,  Secretary. 
UNIVERSITY  OP  MICHIGAN  SECTION. 

The  regular  meeting  was  hdd  May  20.  Program:  "The  Problems  and 
the  Equipment  of  the  Evaporator  Laboratory,"  by  W.  L.  Badger. 

R.  J.  CAMxmt,  Secretary. 
WASHINGTON  SECTION. 

The  294th  meeting  was  hdd  May  22.  Program:  "The  Work  of  the 
Color  Laboratory  of  the  Bureau  of  Chemistry,"  by  H.  D.  Gibbs;  "The 
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Commercial  Preparation  and  Some  of  the  Commercial  Applications  of 
the  Bnzyme  Invertase,"  by  K.  P.  Monroe.  b.  c.  mcKatt.  s*crtiary 


DQCBASED. 

Fisher,  Matthew  C,  Upland,  Pa. 
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MEETINGS  OF  THE  SECTIONS. 

[Pull  accounts  of  all  meetings  should  be  sent  to  Secretary  Charles  L.  Persons, 
Box  1505.  Washington,  D.  C] 

TOLEDO  SECTION. 

The  regular  meeting  was  held  June  23.  Program:  "Railway  Si^;niEil- 
ling,"  by  R.  W.  Erwin.  The  following  officers  were  elected  for  the  en- 
suing year:  Chairman,  Henry  W.  Hess;  Vice-Chairfnan,  E.  Schragen- 
heim;  Councilor,  R.  C.  Benner;  Secretary-Treasurer,  A.  B.  Carney. 


van't  Hoff  Fund. 

Notice  to  Candidates  for  grants  from  the  '*Van't  Hoff  Fund"  for  the 
endowment  of  Investigators  in  the  field  of  pure  and  applied  Chemistry. 

According  to  the  regulations  of  the  ''varCt  Hoff  Fund"  fotmded  June 
28,  1913,  persons  interested  are  asked  to  note  the  following: 
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The  foundation,  established  at  Amsterdam,  the  Supervision  of  which  is 
vested  in  the  Royal  Academy  of  Sciences  there,  allots  from  the  income 
of  the  fmid  every  year  before  the  ist  of  March. 

Grants  to  investigators  in  the  field  of  pure  and  applied  chemistry, 
who  shall  have  applied  for  such  an  endowment  before  November  ist 
preceding  the  above  mentioned  date,  to  the  Committee  charged  with  con- 
sidering the  applications  and  awarding  the  grants. 

At  present  this  Committee  is  constituted  as  follows:  A.  P.  HoUeman, 
President^  S.  Hoogewerflf,  A.  Smits,  E.  H.  BiXdmer, .  Secretary.  If  de- 
sirable, this  Committee  may  appoint  still  other  members  for  one  year 
only,  to  co6perate  in  the  awards. 

The  names  of  those  to  whom  a  grant  is  allowed  will  be  published.  The 
grantees  are  requested  to  send  to  the  Committee  some  copies  of  the  papers 
describing  the  results  of  their  work;  but  otherwise  they  are  at  liberty  to 
choose  the  manner  of  publication,  as  well  as  the  journal,  in  which  to 
publish  their  results,  if  only  they  mention  the  fact,  that  the  research 
was  made  with  an  endowment  bom  the  '*van't  Hoff  Fund." 

The  amount  available  over  1919  is  about  $600.00. 

Applications  should  be  sent,  r^;istered  by  post,  to  Het  bestutu*  der 
Koninklyke  Akademie  van  Wetenschappen;  bestemd  voor  de  Commissie 
van  het  ''Van't  Hoff  fonds,"  Trippenhuis,  Eloveniersburgwal,  te  Amster- 
dam, with  a  detailed  account  of  the  proposed  use  of  the  grant,  the 
amount  of  which  must  be  expressly  mentioned  and  the  reasons  upon  which 
the  candidates  ground  their  daim.  They  must  be  received  before  Novem- 
ber I,  1919. 

In  the  name  of  the  Committee  of  the  "Van't  Hoff  Fund," 

A.  F.  Hou^MAN,  Presideni. 

B.  H.  BucHNBR*  Secretary. 
Amsterdam,  May,  1919. 

DECBASBD. 

Bishop,  J.  Egbert,  Dover,  N.  J.     Died,  May  29,  1919. 
Cavanaugh,  M.  K.,  Cincinnati,  Ohio.     Died,  June  2,  191 9. 
Farwell,  Seymour  A.,  Charlestown,  Mass.    Died,  April  17,  1919. 
Lanneau,  Louise  C,  Raleigh,  N.  C. 

Strutt,  John  Wm.  (Lord  Rayldgh),  Witham,  England.  (Honorary 
Member.)     Died,  July  i,  1919. 

Tannehill,  Lee  A.,  Hamilton,  Ontario.     Died,  May  23,  1919. 

Sir  William  Crookes. 
Sir  William  Crookes,  honorary  member  of  the  American  Chemical 
Society,  world-renowned  as  chemist  and  physicist,  died  April  4,   1919. 
In  making  this  minute  of  our  poignant  regret  at  his  passing,  we  have 
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but  to  recall  some  of  his  contributions  to  science  to  indicate  the  scope 
of  his  greatness  and  the  magnitude  of  his  loss  to  all  the  company  of  men 
engaged  in  chemical  and  physical  researdi. 

He  discovered  the  element,  thallium,  and  determined  its  characteris- 
tics; he  invented  the  radiometer;  his  investigations  in  the  nature  of  at- 
tenuated matter  in  high  vacua  resulted  in  the  Crookes  tube;  his  thecnies 
on  a  fourth  state  of  matter,  proiyle,  led  directly  to  the  discovery  of  Roent- 
gen ra3rs  and  eventually  to  the  modem  conceptions  of  the  constitutioo  of 
matter.  His  method  of  producing  extreme  vacua  rendered  incandescent 
lighting  possible.  His  investigations  of  the  spectra  of  light  from  bodies 
phosphorescing  under  the  influence  of  cathode  ra3rs  involved  elaborate 
study  of  the  rare  earths  and  resulted  in  the  announcement  of  another 
new  element,  victorium.  Uranium  was  fractioned  by  him  in  1900.  The 
spinthariscope,  invented  in  1903,  gave  an  ocular  demonstraticm  of  the 
bombardment  of  substances  by  alpha  particles  emitted  from  radinm. 
His  signal  work  on  sewage  disposal,  on  water  supply  and  its  contamina- 
tions, together  with  the  use  of  disinfectants  protected  London  and  hdped 
all  mankind.  He  fotmded  and  edited  Chemical  News,  which  for  over 
half  a  century  has  been  devoted  to  "the  diffusion  of  facts  which  may  help 
to  improve  and  augment  our  knowledge  of  the  arts  and  sdences  upon 
whidi  most  of  the  operati(ms  of  civilized  life  are  based."  He  was  the 
recipient  of  an  amazing  munber  of  honors  from  academic  and  scioitific 
bodies  in  all  parts  of  the  civilized  world,  a  brilliant  lecturer  and  ever  a 
superlative  scholar,  punctilious  in  the  performance  of  every  duty,  and 
while  alwajrs  courteous,  he  was  none  the  less  vigorous  in  argument.  Sr 
William  was  indeed  an  inspiration  to  all  men  oi  earnest  mind  and  good 
will  who  follow  science,  whether  they  be  ripe  scholars  or  young  students. 

The  Council  of  the  American  Chemical  Society  now  in  session  appreciates 
and  motuns  the  serious  loss  to  mankind  in  general  and  to  the  Society  in 
particular  by  the  ending  of  his  wise  counsel  and  the  current  of  his  notable 
contributions,  though  grateful  that  he  was  blessed  with  the  privilege  of 
service  throughout  his  long  life  of  eighty-seven  years  and  that  he  was 
spared  to  see  the  termination  of  the  Great  War.    It  is  therefore 

Resolved  that  the  Council  of  the  American  Chemical  Society  hereby 
records  in  sincere  appreciation  a  great  and  high  regard  for  its  late  honorary 
member,  who  so  nobly  met  the  opportunities  for  service  which  life  hdd 
for  him  and  who  gave  such  abtmdant  and  valuable  improvements  and  in- 
ventions as  his  contribution  to  human  welfare. 

Charles  Baskerville,  Chairman, 
Arthur  D.  LrrTLE 
Isaac  King  Phelps. 
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MEETINGS  OF  THE  SECTIONS. 

CALIFORNIA  SECTION. 

The  eighteenth  special  meeting  was  held  Jvly  25.  Professor  W.  A.  Noyes, 
of  the  University  erf  Illinois,  spoke  on  "Positive  and  Negative  Valence." 
Professor  James  Kendall,  of  Columbia  University,  spoke  on  "Chemistry 
and  Naval  Warfare." 

.  Bryant  S.  Draks,  Secretary 

DECEASED  MEMBERS. 

Buggy,  Thomas,  Butte,  Mont. 

Burnet,  W.  C,  Washington,  D.  C. 

Hathaway,  C.  W.,  Granite  City,  111.,  Died  July  19. 

Hugi,  George,  Buffalo,  N.  Y. 

Sack,  Leo,  Fremont,  Ohio.    Died  August  7. 

Tyson,  G.  N.,  Philadelphia,  Pa.,  Died  July  27th. 

wyseiu-,  R.  J.,  Patterson,  Cal. 
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MINUTES  OF  DIRECTORS'  MEETING. 

The  Directors  met  in  the  Bellevue-Stratford  Hotel,  September  3,  Wed- 
nesday, 4.00  P.M.,  President  Nichols  in  the  chair,  with  Messrs.  Bigelow, 
Bogert,  Rosengarten  and  Parsons  present. 

It  was  unanimously  voted  that  in  the  absence  or  incapacity  of  the 
Treasurer,  checks  on  the  Farmers  Loan  and  Trust  Company  may  be 
signed  by  the  President  and  Secretary,  or  in  the  absence  of  either  of 
these,  by  the  other  and  one  director.  This  motion  was  intended  to  cover 
the  present  iUness  of  the  Treasiu-er,  E.  G.  Love,  and  any  other  similar 
contingency  that  might  later  arise.  The  Secretary  was  directed  to  send 
this  vote  imder  the  seal  of  the  Society  to  the  Farmers  Loan  and  Trust 
Company  and  fiunish  that  company  with  the  signatures  of  the  Secretary 
and  President. 

The  bill  for  $11.00  presented  by  Dr.  Charles  BaskerviUe  in  connection 
with  expenses  of  the  Committee  on  Occupational  Diseases  was  ordered 
paid. 

President  Nichols  having  advanced  $2,844.71  covering  nmning  expenses 
of  the  Society  which  demanded  iinmediate  attention,  it  was  ordered  that 
check  for  this  amount  be  sent  him  and  the  same  be  covered  by  vouchers 
received  by  him  acknowledging  payment  of  the  individual  items  as  per 
schedule  submitted. 

The  American  Chemical  Society  having  sent  a  delegate  to  England 
and  Brussels  in  connection  with  the  formation  and  first  meeting  of  the 
Interallied  Union  of  Pure  and  Applied  Chemistry  with  the  expectation 
that  the  delegate's  expenses  would  be  met  by  a  bill  then  before  Con- 
gress which  was  expected  to  pass  but  did  not  pass,  it  was  voted  that  the 
Secretary  be  instructed  to  ask  the  Research  Council  if  possible  to  pay 
the  expenses  of  this  delegate  from  the  Research  Council  fimds,  as  the 
delegate  was  sent  at  their  request  and  that  if  the  Research  Council  de- 
clined or  was  unable  to  pay  the  expenses  that  the  bill,  amounting  to 
$760.33  be  paid. 

It  was  voted  that  the  Directors  approve  the  recommendation  of  the 
Council  that  a  formula  index  to  Chemical  Abstracts  be  printed  in  1920. 
The  Directors  authorized  the  expenditure  of  a  sum  not  to  exceed  $2,200 
for  that  purpose. 

A  proposition  from  the  International  Magazine  Company  to  handle 
the  stock  and  sale  of  back  numbers  of  the  Society's  Journals  was  received 
and  considered,  and  met  the  approval  of  the  Directors.  It  was  voted 
that  after  further  consideration  of  the  financial  standing  of  the  Company 
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and  a  personal  inspection  of  the  Company's  facilities  to  handle  the  work, 
the  President,  Secretary  and  Treasurer  be  authorized,  if  they  deem  it 
advisable,  to  enter  into  an  agreement  with  the  Company  to  handle  the 
storage,  sale  and  distribution  of  the  Society's  back  journals. 

The  question  of  a  booth  in  the  National  Exposition  of  Chemical  Indus- 
tries in  Chicago,  which  had  been  left  to  a  Committee  consisting  of  Dr. 
E.  G.  Love  and  Dr.  C.  H.  Herty,  the  first  having  been  incapacitated  and 
the  second  being  absent  from  the  coimtry,  it  was  voted  that  the  Secre- 
tary be  instructed  to  arrange  with  the  Chicago  Section  to  represent  the 
Society  at  the  Fifth  National  Exposition  of  Chemical  Industries  and 
that  the  Secretary  be  authorized  to  approve  bills  not  exceeding  $200 
inciured  by  the  Chicago  Section  for  the  carrying  cm  of  this  work. 

The  Secretary  was  authorized  to  lease  three  rooms  estimated  to  con- 
tain 1,000  sq.  feet  in  some  fireproof  building  in  Washington  at  a  price 
not  to  exceed  $1,500,  for  oflBce  space. 

The  Directors  voted  to  add  $10.00  per  week  to  the  salary  of  Miss  Wood- 
ford during  the  absence  of  Editor  Herty  in  Europe. 

The  salary  of  Dr.  C.  H.  Herty,  editor  of  the  Jotunal  of  Industrial  and 
Engineering  Chemistry,  was  fixed  at  $7,500  per  year,  beginning  Novem- 
ber I,  1919. 

The  Secretary  haying  annotmced  that  the  work  of  the  Society  had 
become  so  great  that  he  must  choose  between  the  work  of  the  Bureau  of 
Mines  and  the  Secretaryship  of  the  Society,  the  Directors  voted  that  in 
case  of  his  resignation  from  the  Bureau  of  Mines  that  the  Kmit  of  $3,500 
on  the  commission  of  5  per  cent,  on  collections  heretofore  allowed  him, 
be  raised  to  $5,000.  It  was  fiu"ther  voted  that  it  was  understood  by  the 
Directors  that  the  Secretary  should  be  allowed  to  do  consulting  work 
with  a  limited  number  of  firms;  that  the  Chemical  Society  work  would 
occupy  approximately  one-half  of  his  time  and  that  private  desk  room 
in  the  Society's  oflBce  be  allowed  him,  it  being,  of  coiu*se,  tmderstood 
that  no  use  of  the  Society's  name  would  be  made  by  the  Secretary  in 
any  private  work  done  by  him.  Charles  L.  Parsons,  Secretary. 


MINUTES  OF  THE  GENERAL  MEETING,  PHILADELPHIA,  PA., 
SEPTEMBER  2  TO  6,  1919. 

The  fifty-eighth  meeting  of  the  American  Chemical  Society  was  held  in 
'^'  'ladelphia,  Pa.,  September  2  to  6,  1919,  inclusive,  the  General  Meet- 
beginning  on  the  morning  of  Wednesday,  September  3rd,  at  the 
levue-Stratford  Hotel. 

rocal  arrangements  were  in  charge  of  the  Committee  headed 
George  D.  Rosengarten  and  members  and  guests  were  bountifully 
^rtained;  1687  members  and  guests  registered  for  the  meeting.    A 
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considerable  addittonal  number  of  members  of  the  Society  came  from 
the  smromiding  cities  and  towns  for  special  parts  of  the  program  but  did 
not  register.    Fulty  2/xx)  were  in  attendance. 

An  interesting  innovation  of  the  Philadelphia  Section  consisted  in  the 
daily  publication  of  the  Catalyst,  which  is  the  official  bulletin  of  the 
Philadelphia  and  Delaware  Sections.  This  daily  paper  contained  news 
items,  Usts  of  members  and  guests,  the  daily  programs,  reports  of  var- 
ious meetings  and  other  entertaining  matter. 

The  General  Meeting  opened  with  an  Address  of  Welcome  by  Hon. 
Joseph  S.  McLaughlin,  of  the  City  of  Philadelphia,  to  which  President 
Nichols  responded.  A  large  audience  completely  filling  the  Ball  Room 
of  the  Bellevue-Stratford  Hotel,  listened  to  the  address  by  Hon.  Newton 
D.  Baker,  Secretary  of  War,  on  **Chemistry  in  Warfare,"  and  to  an  ad- 
dress on  ''Chemistry  and  the  Navy,"  by  Rear  Admiral  Ralph  Earle, 
Chief,  Biu"eau  of  Ordnance,  U.  S.  Navy.  These  addresses  will  be  fotmd 
in  the  October  number  of  the  Journal  of  Industrial  and  Engineering 
Chemistry,  together  with  additional  details  of  the  Philadelphia  Meeting. 

In  the  afternoon  of  Wednesday,  the  following  general  papers  were 
presented  before  the  whole  Society:  "Some  Problems  and  Methods  in 
Agricultural  Research,"  by  H.  J.  Wheeler;  "Some  Physiological  Effects 
Produced  by  Radiating  Definite  Regions  Within  a  Single  Cell,"  by  W. 
V.  Bovie;  "Stream  Pollution  and  Its  Relation  to  the  Chemical  Indus- 
tries," by  Earle  B.  Phelps;  "The  Building  of  Atoms  and  the  Periodic 
Systems,"  by  W.  D.  Harkins;  "The  Chemical  Laboratory  as  a  Publicity 
Factor,"  by  Robert  P.  Fischdis. 

The  first,  third  and  fifth  will  be  printed  in  the  Journal  of  Industrial 
and  Engineering  Chemistry;  the  second  and  fotuth  in  the  Journai,  of 
THE  American  Chemicaju  Society. 

On  Wednesday  night  the  largest  smoker  ever  held  by  the  American 
Chemical  Society,  at  whidi  some  1,300  were  present,  was  enjoyed  by  all. 
The  program  consisted  of  popular  songs,  a  series  of  interesting  films  from 
the  various  studios,  among  others,  introducing  for  the  first  time  films  show- 
ing the  growth  characteristic  of  snow  crystals;  description  by  Edward 
Cattell  of  Philadelphia,  interspersed  with  songs  by  Henri  Scott  of  the 
MetropoUtan  Company.  A  special  featiu^  of  the  program  was  an  or- 
iginal play  representing  early  chemists  meeting  in  Philadelphia,  being 
based  on  the  historical  fact  that  the  American  Philosophical  Society  gave 
a  dinner  to  Dr.  Joseph  Priestly  in  1803,  at  which  time  Hare's  oxyhydrogen 
blowpipe  was  demonstrated  to  him,  opening  up  a  new  field  of  chemical 
investigation.    There  were  also  other  interesting  features. 

The  address  of  President  William  H.  Nichob  on  "Research  and  Appli- 
cation," given  in  the  Museum  of  the  University  of  Pennsylvania,  on 
Thursday,  September  4th,  drew  a  large  audience.     The  address  will  be 
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found  in  the  October  issue  of  the  Journal  of  Industrial  and  Engineering 
Chemistry.    It  is  well  worth  careful  reading  and  careful  thought. 

The  banquet  held  at  the  Bellevue-Stratford  Hotel  Friday  night  was 
one  of  the  largest  held  by  the  Society,  with  its  brilUant  ccMnpany,  good 
food,  and  bright  after-dinner  speeches. 

The  business  transacted  by  the  divisions  follows: 

Charles  L.  Parsons,  Secretary, 

DIVISION  OP  INDUSTRIAL  CHEMISTS  AND  CHEMICAL  ENGINEERS. 

The  division  had  one  of  the  largest  and  most  successful  meetings  in 
its  history,  the  program  as  printed  in  the  October  issue  of  the  Journal 
of  Industrial  and  Engineering  Chemistry  being  carried  out.  The  attend- 
ance was  good  to  the  very  last.  All  the  papers  on  the  program  were 
presented  and  the  two  symposia  were  attractive.  The  division  was 
largely  indebted  to  A.  V.  Bleininger  and  E.  J.  Prindle  for  their  success. 
At  the  Patent  Fees  Symposium  held  with  the  Pharmaceutical  Division 
and  the  Dye  Section  resolutions  supporting  the  bills  already  approved  by 
the  Advisory  Committee  regarding  the  changes  in  Patent  Laws  were 
passed.  The  membership  has  already  been  asked  by  the  Advisory  Com- 
mittee to  assist  in  the  passage  of  these  bills. 

The  following  oflBcers  were  elected:  Chairman,  H.  D.  Bachelor;  Vice- 
Chairman,  W.  H.  Walker;  Secretary,  H.  E.  Howe;  Executive  Committee, 
J.  G.  Vail,  Chas.  H.  Herty,  W.  F.  HiUehrand,  Edmond  O'Ndl,  S.  W. 
Parr,  Joseph  H.  James.  H.  E.  HowE,  Secretary, 

FERTILIZER  DIVISION. 

Details  of  the  meeting  of  the  Fertilizer  Division  will  be  found  in  the 
October  issue  of  the  Journal  ef  Industrial  and  Engineering  Chemistry. 

The  following  oflBcers  were  elected  for  the  coming  year:  Chairman, 
F.  B.  Carpenter;  Vice-Chairman,  R.  N.  Brackett;  Secretary,  H.  C.  Moore; 
Executive  Committee,  H.  J.  Wheeler,  C.  H.  Jones,  E.  W.  Mi^;ruder,  A.  J. 
Patten.  H.  C.  Moore,  Secretary. 

ORGANIC  CHEMISTRY  DIVISION. 

The  Organic  Division  held  its  regular  session  at  the  Bellevue-Stratford, 
Friday,  September  5,  1919. 

The  following  oflScers  were  elected  for  the  ensuing  year:  Chairman, 
E.  E.  Reid;  Vice-Chairman  and  Secretary,  Roger  Adams;  Executive  Com- 
mitte,  F.  B.  Dains,  H.  ly.  Fisher,  L.  W.  Jones. 

Roger  Adams,  Secretary. 

DIVISION  OP  AGRICULTURAL  AND  POOD  CHEBdSTRY. 

All  the  papers  on  the  program  to  be  fotmd  in  the  October  issue  of  the 
Journal  of  Industrial  and  Engineering  Chemistry  were  read  by  the  authors 
with  the  exception  oi  Numbers  8,  18,  19,  and  20. 
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The  following  officers  were  elected:  Chairman^  C.  E.  Coates;  Vice- 
Chairman,  A.  H.  Bryan;  Secretary,  T.  J.  Bryan.    T.J.Bryan, Secretary. 

DIVISION  OF  PHYSICAI.  AND  INORGANIC  CHEMISTRY. 

The  Division  was  called  to  order  by  the  Chairman  and  E.  C.  Bingham 
was  appointed  Secretary  pro  tern,  in  the  absence  of  the  Secretary,  W.  A. 
Patrick. 

The  following  officers  were  elected:  Chairman,  W.  D.  Harkins;  Vice- 
Chairman,  John  Johnston;  Secretary,  H.  N.  Holmes;  Executive  Committee, 

D.  A.  Mclnnes,  W.  E.  Henderson,  E.  Mallinckrodt,  Jr.,  A.  C.  Boylston, 
H.  F.  Sill.  EuGBNB  C.  Bingham,  Secretary  pro  tern. 

DIVISION  OF  WATER,   SBWAGB,  AND  SANITATION. 

The  Section  held  a  very  satisfactory  meeting  with  approximately  forty 
present.  The  program  will  be  found  in  the  October  issue  of  the  Journal 
of  Industrial  and  Engineering  Chemistry. 

The  following  officers  were  elected  for  the  coming  year:  Chairman, 
J.  W.  Ellms;  Vice-Chairman,  J.  B.  Bill;  Secretary,  W.  W.  Skinner;  Exec- 
utive Committee,  E.  H.  S.  Bailey,  F.  P.  Georgia. 

W.  W.  Skinner,  Secretary. 

DnaSION  OF  BIOLOGICAI^  CHEMISTRY. 

The  Division  of  Biological  Chemistry  had  an  extensive  program  and  a 
successful  meeting,  details  of  which  will  be  foimd  in  the  October  issue  of 
the  Journal  of  Industrial  and  Engineering  Chemistry. 

The  following  officers  were  elected  for  the  ensuing  year:  Chariman, 
R.  A.  Gortner;  Vice-Chairman  and  Secretary,  A.  W.  Dox;  Executive  Com- 
mittee, I.  K.  Phelps,  A.  D.  Hirschfelder,  Fredr.  C.  Fenger,  H.  C.  Sher- 
man, G.  H.  A.  Clowes.  R.  A.  Gortner,  Secretary. 

DIVISION  OF  PHARMACEUTICAL  CHEMISTRY. 

The  Division  of  Pharmaceutical  Chemistry  recommended  the  following 
as  delegates  to  the  Pharmacopeal  Convention,  1920:  Geo.  D.  Rosengarten, 
F.  O.  Taylor  and  B.  L.  Murray. 

The  following  officers  were  elected  for  1919-1920:    Chairman,  Chas. 

E.  Carpari;  Vice-Chairman,  H.  W.  Rhodehamel;  Secretary,  E.  B.  Carter; 
Executive  Committee,  F.  O.  Taylor,  Chas  E.  Vanderkleed. 

The  following  resolution  was  also  adopted : 
Resolved,  That  the  Division  of  Pharmaceutical  Chemistry  recommend  to  the 
Advisory  Committee  the  appointment  of  a  committee  consisting  of  one  repre- 
sentative from  each  division  and  section  of  the  Society  to  define  the  field  to  be  covered 
by  the  respective  divisions  and  sections.  That  the  report  of  this  committee  after 
being  approved  by  the  Advisory  Committee  be  published  for  the  purpose  of  assisting 
authors  in  determining  the  division  or  section  before  which  their  papers  should  be 
presented,  and  for  the  guidance  of  officers  of  divisions  and  sections  in  preparing  their 
programs.  Edgar  B.  Cart«r,  Secretary. 
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RUBBER  DIVISION. 

Some  three  hundred  chemisfs  attended  the  meeting  of  the  Rubber 
Division,  seventy-five  having  definitely  enrolled  as  members  of  the 
division.  The  report  of  the  Committee  on  Physical  Testing  was  read  and 
was  distributed  to  the  members  for  further  amsideraticm. 

The  following  oflBcers  were  elected  for  the  coming  year:  Chairmcnt, 
W.  K.  Lewis;  Vice-Chairntan,  O.  D.  Kratz;  Secretary^  A.  W.  Smith; 
Executive  CammiUee,  J.  M.  Bierer,  W.  W.  Evans,  C.  W.  SanderscHi,  J.  H. 
Scott,  Geo.  Oenslager.  A.  W.  Smith,  Secretary. 

DYB  SECTION. 

The  first  meeting  of  the  Dye  Section  was  imexpectedly  successful. 
There  were  at  times  as  many  as  320  present  at  the  meeting.  It  was  held 
imder  the  chairmanship  of  Charles  L.  Reese.  A  committee  of  five  was 
appointed  to  consider  by-laws  for  the  permanent  organization  of  the  Dye 
Section.  The  Committee  consists  of:  M.  T.  Bogert,  W.  H.  Watldns, 
E.  S.  Chapin,  C.  L.  Reese,  R.  N.  Shreve. 

Several  resolutions  were  passed  by  the  Dye  Section  with  the  official 
request  that  they  be  submitted  to  the  Committee  on  National  Policy  of 
the  American  Chemical  Society  for  approval.  Details  of  the  meeting  will 
be  f otmd  in  the  October  issue  of  the  Journal  of  Industrial  and  Engineering 
Chemistry.  R.  Norris  Shreve,  Secretary. 


MINUTES  OF  COUNCIL  MEETING. 

The  Council  of  the  American  Chemical  Society  met  at  the  Bellevue- 

Stratford  Hotel,  Philadelphia,  Pa.,  at  4.00  p.m.,  Tuesday,  September  2, 

1919,  with  President  Nichols  in  the  chair  and  the  following  coimdlors 
present: 

Alsberg,  C.  L.  Comey,   A.  M. 

Atkinson,  F.  C.  Coc*.  F.  C. 

Bancroft.  W.  D.  Crane.  E.  J. 

Barker,  F.  W.,  Jr.  Cuno,  C.  W.     (Sub.) 

Barton,  G.  E.  Deans,  F.  B. 

Baskervine.  Chas.  Davis,  A.  B.     (Sub.; 

Beal.  G.  D.    (Sub.)  Derick.  C.  G. 

Bigelow,  W.  D.  Dodge,  F.  E.     (Sub.) 

Bogert.  M.  T.  Durfee,  W  C. 

Bond.  P.  A.  Eldred,  F.  R. 

Branegan,  J.  A.  Ellard.  C.  H. 

BHnton,  C.  S.  Ellery,  Edward 

Buchanan,  E.  F.  Fay,  Henry 

Buckner,  G.  D.  French,  D.  K.     (Sub.) 

Carnell.  W.  C.  Georgia,  F.  R.     (Sub.) 

Church,  S.  R.  Goldbaum,  J.  S. 

Coates,  C.  E.  Gortner,  R.  A. 

Collins.  W.  D.  Grimes,  B.  W.     (Sub.) 
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HamUton,  H.  C. 
Harkins,  W.  D.     (Sub.) 
Hcise,  G.  W. 
Henderson,  W.  E. 
Hendrick,  EUwood 
Hesse,  B.  C. 
Hicks,  E.  F. 
Higley,  G.  O. 
HiU,  A.  E. 
HiU,  G.  A.     (Sub.) 
HiUebrand,  W.  F. 
Hoover,  C.  R. 
Howe.  H.  E. 
Joblin,  J.  M.     (Sub.) 
Johns,  C.  O. 
Johnston,  John 
Jones,  Grinnell 
Jones,  L.  W.     (Sub.) 

Kerr,  W.  M. 
Klotz,  J.  R.  M. 

Lamb,  A.  B. 
Lovelace,  B.  F. 

Matthews,  J.  M. 
McPherson,  W.     (Sub.) 
Metz,  G.  P.    (Sub.) 
Miner.  H.  S. 
Monroe,  C.  E. 
Neff,  R.  W. 
Norman.  G.  M. 
Noyes,  W.  A. 
Olsen,  J.  C. 
Pcu-sons,  C.  L. 


Phelps,  I.  K. 
PhilUps,  F.  C. 
Reese.  C.  L. 
Richardson,  W.  D. 
Rogers,  Allen 
Rosengarten,  G.  D. 
Ross,  B.  B. 
Rudd,  W.  F. 
Schapiro,  Hugo 
Scholes,  S.  R. 
Seidell,  Atherton.     (Sub.) 
Sherman,  H.  C. 
Sidebottom,  H.  G.     (Sub.) 
Smalley,  F.  N. 
Sosman,  R.  S. 
SUfford,  O.  F. 
Stieglitz,  J. 
Taggart,  W.  T. 
Talbot,  H.  P.     (Sub.) 
Teeple,  J.  E. 
Tuttle,  J.  B. 
Venable,  F.  P. 
Watkms,  W.  H. 
Weiss,  J.  M.     (Sub.) 
Weith,  A.  J.     (Sub.) 
Wendt,  G.  L.    (Sub.) 
Wesson,  David 
Weston,  R.  S. 
Wheeler,  A.  S. 
Wheeler,  H.  J.     (Sub.) 
Whitaker,  W.  C. 
Willard,  H.  H. 
Zimmerli,  W.  F.     (Sijb.) 


A.  B.  Lamb  was  reelected  editor  of  the  Journal  of  the  Akerican 
Chemical  Society  and  the  present  board  of  associate  editors  was  con- 
tinued. The  editor  was  empowered  to  fill  any  vacancies  that  might 
occur  in  the  board  of  associated  editors  by  their  not  wishing  to  accept 
reappointment.  After  discussion  it  was  voted  that  **A  conmiittee  com- 
posed of  W.  A.  Noyes,  Chairman,  the  present  editor  of  the  Journal  op 
THE  American  Chemical  Society  and  the  associate  editors  shall  examine 
the  question  of  a  change  in  the  term  of  appointment  of  associate  editors 
to  the  Journal  of  the  American  Chemical  Society  and  report  at 
the  Spring  1920  meeting.** 

Charles  H.  Herty  was  reelected  editor  of  the  Journal  of  Industrial  and 
Engineering  Chemistry;  E.  J.  Crane  was  reelected  editor  of  Chemical  Ab- 
stracts; Charles  L.  Parsons  reelected  secretary;  B.  C.  Hesse  reelected 
member  of  Committee  on  National  PoUcy  for  a  term  of  two  years. 
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It  was  voted  that  the  designation  of  the  Division  of  Industrial  Chem- 
ists and  Chemical  Engineers  be  changed  to  the  Division  of  Industrial  and 
Engineering  Chemistry. 

Invitations  for  the  Spring  Meeting  of  1920  were  received  from  the  St. 
Louis  and  Washington  Sections.  It  was  voted  that  the  Spring  Meeting 
for  1920  be  held  in  St.  Louis,  the  date  of  the  meeting  to  be  settled  by  the 
President  and  Secretary  in  the  usual  manner  after  consultation  with  the 
St.  Louis  Section. 

Invitations  were  presented  from  the  Chicago,  Rochester,  Detroit  and 
Washington  Sections  for  the  1920  Fall  Meeting  of  the  American  Chem- 
ical Society,  each  of  these  invitations  being  accompanied  by  other  invita- 
tions from  the  Chambers  of  Commerce  and  Mayors  of  the  cities  named. 
It  was  voted  that  the  1920  Fall  Meeting  be  held  in  Chicago,  tlie  date 
of  this  meeting  to  be  settled  at  the  next  meeting  of  the  Coimdl. 

The  following  report  of  the  Committee  on  the  Preparation  of  a  List 
Recommending  Chemical  Texts  for  Libraries  was  presented: 

RBPORT    OF    THB    COIOOTTBB    ON    PRBPARATION    OF   A    LIST    RBCOMMBNDING    CHEMICAL 

TBXTS  FOR  LIBRARIES. 

On  January  15,  191 9,  announcement  was  made  of  the  appointment  of  Messrs. 
W.  A.  Hamor,  A.  M.  Patterson,  and  L.  C.  Newell,  as  a  committee  for  the  preparation 
of  a  text  for  the  use  of  librarians,  in  recommending  books  for  the  chemical  reading 
of  the  public,  in  accordance  with  the  suggestion  submitted  to  President  Nichols  by 
Mr.  Joseph  L.  Wheeler,  Librarian  of  the  Youngstown  Public  Library,  Youngstown, 
Ohio.  Following  the  presentation  of  its  preliminary  report*  at  the  Buffalo,  N.  Y., 
Meeting  of  the  Society,  the  Committee  membership  was  strengthened  by  the  addi- 
tion of  Mr.  Wilhelm  Segerblom. 

The  study  of  the  needs  of  librarians  whi^  was  conducted  by  the  Committee  at 
the  inception  of  its  work,  made  it  dear  that  what  was  most  desired  was  an  authori- 
tative series  of  reading  courses,  and  not  a  mere  book-list,  on  chemical  subjects.  In 
fact,  Mr.  Wheeler  formally  requested  a  mode  of  presentment  consisting  of  running 
texts  so  prepared  that  the  "iwospect"  would  become  interested  in  the  chemical  sub- 
jects discussed;  and  consideration  of  this  view  and  the  restdts  of  its  own  inquiry  con- 
vinced the  Committee  that,  to  accomplish  the  purposes  desired,  the  reading  courses 
should  have  a  very  definite  publicity  plan  behind  them. 

In  canying  out  its  work,  the  Committee  has  prepared  the  manuscripts  for  a 
series  of  circulars  which,  it  is  thought,  will  make  men  want  to  read  chemical  literature. 
In  order  to  accomplish  that  result,  the  Committee  has  written  lively  and  appealing 
essays,  of  about  1500  words  each,  on  elementary  chemistry,  household  chemistry, 
general  and  physical  chemistry,  inorganic  and  analytical  chemistry,  organic  and  bio- 
logical chemistry,  industrial  inorganic  chemistry,  industrial  organic  chemistry,  and 
techno-chemical  analysis,  all  of  which  have  been  divided  into  appropriate  paragraphs, 
worded  so  as  to  bring  out  the  importance  of  the  subject  and  so  as  to  impress  the  reader 
with  the  national  essentiality  of  the  chemical  profession.  Carefully  selected  books 
are  mentioned  casually  in  the  texts  of  the  courses,  usually  to  conclude  the  paragraphs. 

These  courses  should  now  be  made  available  for  the  use  of  librarians  who  wish  to 
reach  ambitious  persons  who  have  the  intelligence  to  follow  a  course  of  chemical 

*  See  This  Journal,  41,  95-6  of  Proceedings. 
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study.  They  should,  to  serve  the  intended  piui>ose,  be  published  in  attractive  booklet 
form  for  distribution  at  libraries  to  persons  who  are  engaged  in  chemical  work  or 
interested  in  the  specific  subjects  of  the  various  courses,  and  to  persons  who  are  as  yet 
only  casually  engaged  or  interested,  but  who  may  think  of  becoming  well-informed 
on  chemical  subjects. 

It  is  therefore  recommended  that  the  Committee  be  authorized  to  fiunish  Mr. 
Joseph  L.  Wheeler  with  copies  of  the  manuscripts,  in  order  that  he  may  endeavor  to 
arrange  for  their  publication  in  toto,  and  that  the  present  Committee  be  designated  to 
codperate  with  Mr.  Wheeler  in  that  tmdertaking  and  in  stimulating  interest  in  chem- 
istry through  the  media  of  libraries.  It  is  also  recommended  that  the  courses  be 
published  by  the  Society  in  the  Journal  of  Industrial  and  Engineering  Chemistry. 

The  Committee  is  grateful  for  the  privilege  of  rendering  this  public  service,  for, 
as  in  Carlyle's  time,  "the  true  imiversity  is  a  collection  of  books,"  expertly  selected 
and  properly  used. 

W.  A.  Hamor, 
Chairman  of  the  Committee  on  the  Preparation  of  a  List 
Recommending  Chemical  Texts  for  Libraries, 

MELLON  INSTITUTE 
PITTSBURGH,   PA. 
AUGUST  29,    1919. 

As  the  Report  was  not  accompanied  by  the  detailed  lists  referred  to 
therein,  it  was  voted  that  it  be  accepted  and  placed  on  file. 

A  Committee  of  five,  consisting  of  Charles  Baskerville,  F.  P.  Venable, 
Julius  Stieglitz,  W.  D.  Bancroft  and  M.  T.  Bogert,  was  appointed  to  draw 
up  resolutions  on  the  death  of  I<ord  Rayleigh,  an  honorary  member  of  the 
Society. 

The  following  by-law  having  been  sent  to  all  members  of  the  Council 
on  August  ist,  was  passed  imanimously  after  extended  discussion:  **No 
person  shall  become  a  member  of  any  Division  who  is  not  a  member  of 
the  American  Chemical  Society;  but  Divisions  may  have  associate  mem- 
bers not  members  of  the  American  Chemical  Society  who  shall  be  entitled 
to  all  the  privileges  of  the  Division,  save  that  of  voting  for  officers;  pro- 
vided that  such  associate  members  shall  not  be  entitled  to  any  of  the 
other  privileges  of  the  American  Chemical  Society,  and  shall  pay  such 
dues,  of  not  less  than  two  dollars  ($2.00)  per  anntun,  as  the  Division 
may  require.** 

A  report  of  the  American  del^ates  to  the  Inter-allied  Chemical  Con- 
ference held  in  London,  July  14  to  17,  and  Brussels,  July  22,  was  pre- 
sented to  the  Coimcil  by  E.  W.  Washbtun.  The  substance  of  this  report 
will  be  foimd  printed  in  the  September  issue  of  the  Journal  of  Industrial 
and  Engineering  Chemistry,  page  886. 

President  Nichols  announced  that  the  Army  and  Navy  Department 
had  responded  enthusiastically  to  the  idea  that  the  American  Chemical 
Society  furnish  certain  lectures  on  chemical  subjects  to  be  given  at  the 
West  Point  and  Annapolis  Academies,  and  that  he  had  received  a  list  of 
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the  subjects   and    the  lecturers  which  the  officials  of  the  Academies 
desired. 

Editor  E.  J.  Crane  spoke  on  the  plans  of  the  Committee  on  Nomen- 
clature, Spelling  and  Pronunciation,  and  stated  that  the  Committee 
hoped  to  take  this  matter  up  also  with  other  chemical  societies  using  the 
English  language  in  the  hope  that  some  co5rdination  between  them  might 
be  obtained.  Referring  to  this  matter  the  following  motion  was  passed: 
"That  the  President  of  the  American  Chemical  Society  invite  on  behalf 
of  the  Council  of  the  Society  the  governing  bodies  of  the  Chemical  So- 
ciety (London)  and  the  Society  of  Chemical  Industry  to  appoint  a  com- 
mittee, or  committees,  on  Nomenclature,  Spelling  and  Pronimdation  to 
co5perate  with  the  corresponding  Committee  of  the  American  Chemical 
Society  in  order  to  secure  as  large  a  measure  of  agreement  in  these 
fields  as  is  practical." 

A  communication  was  presented  to  the  Council  from  Mtmn  and  Com- 
pany, New  York,  in  regard  to  their  plans  for  the  development  of  the 
Scientific  American  Supplement,  asking  the  support  and  aid  of  the  Amer- 
ican Chemical  Society  in  regard  to  the  chemical  material  appearing 
therein.  After  extended  discussion,  the  following  motion  was  presented 
to  the  Council,  was  laid  on  the  table  and  was  made  a  special  order  for  the 
Spring  Meeting:  "That  as  a  general  policy  the  Society  do  not  lend  its 
name  to  any  private  undertaking  for  profit.  This  will  not  preclude  con- 
tracts with  private  concerns  to  carry  out  tmdertakings  of  the  Society." 

It  was  also  voted:  "That  a  committee  of  three  be  appointed  to  study 
the  question  erf  possible  relations  between  the  American  Chemical  Society 
and  certain  scientific  publications  and  report  to  the  next  meeting  of  the 
Council."  President  Nichols  appointed  Allen  Rogers,  H.  E.  Howe  and 
Charles  Baskerville. 

The  communication  of  July  29th  received  from  the  Association  of  Engi- 
neers, Architects  and  Contractors  Conference  of  National  Public  Works, 
suggesting  that  a  letter  be  sent  by  the  American  Chemical  Society  to  all  its 
members  asking  for  funds  covering  the  wcn-k  of  this  conference,  was  read. 
It  was  apparently  the  unanimous  opinion  of  the  Council  that  as  the  chem- 
ical profession  is  apparently  not  included  as  such  in  the  plans  of  this 
conference  that  the  Society  is  not  warranted  in  circularizing  its  member- 
ship for  financial  support  of  the  movement. 

The  Secretary  presented  to  the  Council  a  summary  of  some  important 
matters  contained  in  the  bill  introduced  by  the  general  staff  of  the  Army 
in  the  66th  Congress,  known  as  Senate  Bill  2715,  pointing  out  that  tech- 
nically trained  men  were  not  given  the  same  privileges  in  the  plans  for 
the  organization  of  the  War  Department  which  were  given  to  line  officers. 
After  discussion  the  following  resolutions,  prepared  by  a  Committee  con- 
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sisting  of  B.  C.  Hesse,  M.  T.  Bogert  and  Charles  L.  Reese,  were  tinan- 
imoudy  passed: 

WflBREAS,  The  recent  war  has  dearly  demonstrated  that  the  advancement  of 
sdenoe  through  con^>etently  directed  research  in  military  problems  is  indispensable 
to  the  security  of  the  nation,  and 

WhbrEas,  The  bill  recently  introduced  into  Congress  (Senate  2715  66  Congress) 
by  the  General  Staff  of  the  Army  providing  for  tmiversal  military  service  and  the 
reorganization  of  the  Army  is  of  such  scope  and  effect  as  to  ii^evitably  impede  the 
development  of  all  technical  and  scientific  work  of  the  Army  by  placing  it  tmder  the 
absolute  control  and  direction  of  ptnely  military  officers  who  do  not  have  the  requisite 
scientific  knowledge,  and, 

Whbrkas,  An  organization  so  constituted  could  not  function  efficiently  and  in 
time  of  stress  would  prove  to  be  an  element  of  fatal  weakness  and  could  never  hope 
to  attract  to  itself  those  scientific  and  technical  experts  without  whose  aid  modem 
warfare  cannot  be  successfully  conducted. 

Now  THBRBFORB,  be  it  fcsolved.  That  the  American  Chemical  Society  emi^ticaily 
protests  against  this  or  any  other  bill  which  does  not  provide  for  commissioning  staff 
officers  in  the  corps  and  departments  in  which  they  are  to  serve  and  which  does  not 
accord  to  the  technical  man  the  same  recognition  and  opportunity  throughout  every 
grade  and  department  of  the  Army  as  are  accorded  to  the  man  trained  for  a  military 
career  only. 

The  following  resolutions,  were  presented  and  adopted  by  the  Council: 
Whsrsas,  The  American  Chemical  Society  is  convinced  that  the  compensation 
of  the  chemist  in  the  National  and  States  service,  like  that  of  the  University  investi- 
gator in  chemistry,  is  far  below  that  received  in  the  chemical  industries,  and 

WhbrBas,  The  Government  cannot  maintain  an  efficient  chemical  service  unless 
it  offers  adequate  compensation  to  its  chemists,  and 

Whbreas,  Various  agencies  are  now  at  work  toward  remedying  this  situation,  and 
WhsrBas,  The  Congressional  Commission  on  Reclassification  ol  Federal  Em- 
ployees is  one  of  these  agencies. 

Be  it  therefore  Resolved,  That  the  American  Chemical  Society  hereby  pledges 
its  co6peration  with  Congress  and  with  the  Commission  of  Reclassification  of  Federal 
Employees  and  with  all  other  agencies  with  like  endeavor  and  urges  upon  them  the 
vital  necessity  to  the  welfare  of  this  country  of  remedsring  the  present  situation,  and 
Be  it  further  Besolved,  That  copies  of  this  resolution  be  sent  to  the  Conmiission 
of  Reclassification  of  Employees,  the  press,  and  be  published  in  the  Journal  of  Indus- 
trial and  Engineering  Chemistry, 

As  a  result  of  these  resolutions  it  was  voted  "That  the  President  ap- 
point a  conunittee  of  three  with  power,  directing  them  to  cooperate  with 
the  Conunission  of  Reclassification  of  Federal  Employees  and  to  fur- 
nish them  with  any  available  data  and  to  take  such  action  with  the  Com- 
mission and  other  agencies  as  shall  be  thought  wise  in  ftuthering  the  ends 
set  forth  in  the  resolution.*'  The  President  appointed  W.  D.  Bancroft, 
W.  D.  Bigelow,  C.  L.  Parsons. 

It  was  voted  that  the  Secretary  send  the  members  of  the  Council  copies 
of  resolutions  regarding  Senate  Bill  2715  with  a  request  that  they  take 
up  same  with  their  senat<H^  and  congressmen  and  that  they  bring  the 
matter  also  to  the  attention  of  other  members  of  their  local  sections* 
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The  Report  of  the  Omnibus  Committee  printed  in  the  Journal  of  Indus- 
trial and  Engineering  Chemistry  for  May  was  brought  up  by  President 
Nichols,  it  having  been  made  a  special  order  for  the  September  Meeting 
in  order  that  any  local  section,  after  consideration,  mi^t  bring  up  for 
further  discussion  any  of  its  provisions.  No  councilor  having  anything 
to  present  to  the  Coimdl  on  the  matter  it  was  voted  that  the  work  erf 
the  Omnibus  Committee  and  the  consideration  of  its  report  be  considered 
as  finished. 

Under  authority  given  by  the  Council  the  President  and  Secretary 
authorized  a  meeting  of  a  Section  of  Sugar  Chemistry  to  be  held  at  the 
next  General  Meeting  of  the  Society  with  C.  A.  Browne  as  Chairman 
and  Frederick  Bates  as  Secretary. 

Dr.  H.  P.  Talbot  has  been  appointed  on  the  Committee  on  Codperation 
between  Industries  and  Universities. 

Charles  L.  Parsons,  Secretary. 

On  request  of  the  Committee  to  Formulate  Specifications  for  the  Con- 
struction of  a  Polariscope  for  Laboratory  Use,  Preadent  Nichols  has 
appointed  a  Committee  on  International  Normal  Weight  for  Sac- 
chstrimetric  Sugar  Solutions  consisting  of:  C  A.  Browne,  C.  E.  Coates, 
G.  W.  Rolfe. 

MEMBERS  ELECTED  BETWEEN  AUGUST    15   AND  SEPTEMBER    15,    1919. 

Ackerman,  Ira  J.,  21  McBride  Ave.,  Paterson,  N.  J. 

Archer,  B.  Kendall,  330  N.  6th  St.,  Camden,  N.  J. 

Asano,  Kinbei,  care  Japanese  Constdate  General,  New  York  City. 

Babcock,  Henry  H.  Y.,  341  Broadway,  Newport,  R.  I. 

Baird,  Parker  K.,  care  Inland  Empire  Paper  Co.,  Millwood,  Wash. 

Brock,  Erie  Arlington,  Chestnut  Grove  Inn,  Ridley  Park,  Pa. 

Bryant,  S.  M.,  Box  189,  Wilmington,  Del. 

Burt,  Robert  C.,  143  Frelinghuysen  Ave.,  Battle  Creek,  Mich. 

Campbell,  A.  H.,  Stege,  California. 

Clark,  Thomas  Walter  F.,  Tilehurst,  Pollard  Road,  Mitcham  Surrey, 
England. 

Collins,  Benj.  W.,  607  South  Grant  Ave.,  Wilmingtcm,  Del. 

Cook,  E.  FuUerton,  145  N.  Tenth  St.,  Philadelphia,  Pa. 

Cook,  R.  M.,  104  Market  St.,  Tamaqua,  Pa. 

Covert,  W.  Ray,  care  Standard  Chemical  Co.,  Canonsburg,  Pa. 

Cowles,  Henry  C.,  Jr.,  5822  Cedarhiu^t  St.,  Philadelphia,  Pa. 

Dassonville,  W.  E.,  140  Geary  St.,  San  Francisco,  Cal. 

Dengg,  Karl,  Box  541,  Thorold,  Ont.,  Canada. 

Didusch,  Joseph  S.,  St.  Joseph's  College,  i8th  &  Thompscm  Sts.,  Phila- 
delphia, Pa. 

Doescher,  Chas.,  Bastian  Bros.  Co.,  Mt.  Hope  Ave.,  Rochester,  N.  Y. 

Dowzard,  Edwin,  17  Van  Reypen  St.,  Jersey  City,  N.  J. 

Eiklor,  Loenard  F.,  148  E.  (Ontario  St.,  Chicago,  111. 

Engelstad,  Alf,  125  Aldington  Road,  Brookline,  Mass. 

Finn,  Howard  N.,  Atlas  Club,  Tamaqua,  Pa. 
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Folkart,  Charles  S.,  732  Crescent  St.,  Astoria,  Long  Island  City,  N.  Y. 

Friedrich,  S.  H.,  387  loth  Ave.,  Milwaukee,  Wis. 

Garcia,  Rafael  F.,  Rio  Piedras,  Porto  Rico. 

Gledhill,  Charles  F.,  684  E.  19th  St.,  Brookl3m,  N.  Y. 

Gonaux,  C.  B.,  Baton  Rouge,  La. 

Gray,  M.,  Works  Director,  Messrs.  Hargreaves  Bros.  &  Co.,  Ltd., 
GipsyvUle,  Hull,  England. 

Hagerty,  Geo.  J.,  6822  Glenloch  St.,  Tacony,  Philadelphia,  Pa. 

Harper,  Kenneth  L.,  622  S.  Washington  Square,  Philadelphia,  Pa. 

Hauber,  Mathias,  Jr.,  P.  O.  Box  141,  West  Haverstraw,  N.  Y. 

Howard,  Frank  A.,  130  S.  Dearborn  St.  Chicago,  111. 

Howard,  Henry  C,  Jr.,  care  Newhall  Co.,  18 10  Westlake  Ave.,  Seattle, 
Wash. 

Inman,  Geo.  E.,  Lamp  Development  Lab.,  Nela  Park,  Cleveland,  O. 

Johnson,  Frank  R.,  8626  Aberdeen  St.,  Chicago,  111. 

Kashima,  Kozo,  College  of  Science,  Kyoto  Imperial  University,  Kyoto, 
Japan, 

Kayser,  Paul  G.,  Meteor  Products  Co.,  Inc.,  15  Park  Row,  New  York 
City. 

Kircher,  Stacy  G.,  109  West  8th  St.,  Bayonne,  N.  J. 

EHopsteg,  Paul  E.,  4901  Stenton  Ave.,  Philadelphia,  Pa. 

Kodama,  Shintaro,  Institute  of  Chemistry,  College  of  Science,  Tokyo, 
Imperial  University,  Tokyo,  Japan. 

Koenig,  Waldemar,  899  25th  St.,  Milwaukee,  Wis. 

Korsunsky,  Michel  G.,  528  Riverside  Drive,  New  York  City. 

Kwong,  Kwok  C,  5747  Drexel  Ave.,  Chicago,  111. 

LaweUin,  Samuel  J.,  Goltry,  Okla. 

Lehman,  Blaine  R.,  care  William  Roberts  Lab.,  Inc.,  Port  Chester, 
N.  Y. 

Martin,  Leo  H.,  3309  University  Ave.,  S.  E.,  Minneapolis,  Minn. 

Medlock,  B.  W.,  64  Hardy  Ave.,  Norfolk,  Va. 

MiltenbcTger,  Eliot,  30  Elizabeth  Road,  Ferguson,  Mo. 

Mitchell,  Abram  H.,  Allen's  Creek,  Tenn. 

Munn,  James  C,  2101  Harrison  Ave.,  New  York  City. 

Nishi,  Teikichi,  care  Japanese  Financial  Com.,  1640  Woolworth  Bldg., 
New  York  City. 

Noelting,  Francis  A.  M.,  DyestufFs  Dept.,  Du  Pont  Co.,  Wilmington, 
Del. 

Parker,  Martin  P.,  9  Belmont  Place,  Passaic,  N.  J. 

Pettit,  Alfred,  Jr.,  68  Berkeley  Ave.,  Bloomfidd,  N.  J. 

Porter,  Eugene  S.,  214  So.  Robey  St.  Chicago,  111. 

Ramsay,  Ralph  E.,  914  Fifth  St.,  Beloit,  Wis. 

Rice,  Emory  C,  2923  N.  Charles  St.,  Baltimore,  Md. 

Richardson,  Albert  S.,  Graduate  College,  Princeton,  N.  J. 

Rimmer,  Ralph  H.,  P.  O.  Box  887,  Wilmington,  Del. 

Rissler,  Raymond  L.,  1366  Spring  Road,  N.  W.,  Washington,  D.  C. 

Robertson,  George  C,  240  Waverly  Place,  New  York  City. 

Salisbury,  Cecil  W.,  26  Humboldt  Ave.,  Providence,  R.  I. 

Schalek,  John  H.,  411  Clarence  St.,  Duquesne  Heights,  Pittsburgh,  Pa. 

Schippel,  Henry  F.,  care  Ames  Holden  McCready,  Ltd.,  Montreal,  P. 
Q.,  Canada. 
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Schoen,  M.  M.,  4  Rue  Annand  Moisant,  Paris,  Prance. 
Schoenberg,  Arthur  J.,  52  Butler  St.,  Atlanta,  Ga. 
Schriever,  John  H.,  New  City,  N.  Y. 
Seltzer,  Max,  495  Mass.  Ave.,  Lexington,  Mass. 
Shepard,  William  D.,  28  William  St.,  Suite  5,  Cambridge  A,  Mass. 
Sindler,  Jay  J.,  Franklin  Baker  Co.,  Newark,  N.  J. 
Smith,  Charles  F.,  Jr.,  400  E.  University  St.,  Gciinesville,  Fla. 
Squair,  Frank  R.,  506  W.  24th  St.,  Wilmington,  Del. 
Stetser,  James  B.,  215  W.  7th  St.,  Chester,  Pa. 
Stone,  Chas.  H.,  88  Ames  Building,  Boston,  Mass. 
Stricter,  Ottomar  G.,  10802  Amor  Ave.,  Cleveland,  O. 
Suhm,  Clarence  F.,  772  Kinnickinnic  Ave.,  Milwaukee,  Wis. 
Tattersfidd,  Gerald,  161  Bay  State  Road,  Boston,  Mass. 
Tebault,  Hugh  H.,  59  West  46th  St.,  New  York  City. 
Tobin,  Elise  (Miss),  505  Lexington  Ave.,  BroiAlyn,  N.  Y. 
Van  der  Burg,  J.  H.  N.,  Amersfoort,  Holland,  Havik  29. 
Van  Erp,  H.,  42  Koninginneweg,  Haarlem,  Holland. 
Weisgerber,  E.  C,  1016  Merchants  Bank  Bldg.,  Indianapolis,  Ind. 
WeismiUer,  Paul  V.,  Box  49  East  Liberty  Y.  M.  C.  A.,  Pittsburgh,  Pa. 
Welhener,  C.  F.,  314  Reconquista  St.,  Buenos  Ayres,  Argentine,  S.  A. 
Yusabtu-o,  Sakata,  care  Dainippon  Zinzohiryo  Kaisha,  Kitashinbori 
Nihonbashi,  Tokyo,  Japan. 

DECEASED. 

Berger,  Edward  J.,  Philadelphia,  Pa.     Died  August  9,  1919. 
Caswell,  Curtis  L.,  Portland,  Me     Died  July  12,  1919. 
Love,  E.  G.  (Treasurer  of  the  American  Chemical  Society),  124  E.  15th 
St.,  New  York  City.     Died  September  12,  191 9. 
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COUNCIL. 

President  Nichols,  with  the  advice  of  the  Pharmaceutical  Division  and 
the  Advisory  Committee,  has  appointed  the  following  three  delegates  to 
the  American  Pharmacopoeial  Convention:  George  D.  Rosengarten, 
Prank  O.  Taylor,  Benjamin  L.  Murray. 

The  Directors  by  authority  granted  to  them  by  the  Council  have 
elected  J.  E.  Teeple  Treasurer  of  the  Society. 

President  Nichols  has  appointed  B.  C.  Hesse  a  temporary  member  of 
the  Finance  Committee. 

MEMBBRS  ELECTBD  BETWEEN  SEPTEMBER   15  AND  OCTOBER   15,    1919. 

Alincastre,  Cedlio,  Los  Banos,  Laguna,  P.  I. 

Allen,  Carl  M.,  General  Chemical  Co.,  P.  O.  Box  607,  E.  St.  Louis,  111. 
Androvic,  Edwin,  1938  South  37th  St.,  Omaha,  Nebr. 
Behrman,  A.  S.,  Intemat'l  Filter  Co.,  ist  Natl  Bank  Bldg.,  Chicago,  111. 
Beuschlein,  W.  L.,  Lake  Buntzen,  Via  Vancouver,  B.  C. 
Bh-d,  Eugene  H.,  617  N.  Euclid  Ave.,  Pittsburgh,  Pa. 
Blackwood,  Leslie  W.,  7820  S.  Shore  Drive,  CUcago,  111. 
Blanchard,  Herman  W.,  412  Wood  St.,  W.  Lafayette,  Ind. 
Bodansky,  Meyer,  Univ.  of  Texas,  Dept.  of  Medicine,  Galveston,  Texas. 
Botkin,  R.  J.,  6632  Cottage  Grove  Ave.,  Chicago,  lU, 
Brandt,  Millard,  345  Hazel  St.,  Tamaqua,  Pa. 
Bryden,  Charles  L.,  90  West  St.,  New  York  City. 
Caballero,  Gustav  A.,  Fordham  University,  New  York  City. 
Canfield,  Ralph  W.,  302V2  Knoblock  St.,  Stillwater,  Okla. 
Cannell,  Douglas,  1475  Contant  St.,  Lakewood,  Ohio. 
Carroll,  Duncan  McC.,  Chapel  Hill,  N.  C. 
Chester,  Clarence  H.,  21  Btu-ling  Slip,  New  York  City. 
Coors,  H.  F.,  Golden,  Colo. 
Davidson,  Paul  B.,  Trident,  Mont. 

de  Beers,  F.  M.,  Room  945,  53  W.  Jackson  Blvd.,  Chicago,  111. 
Desmond,  John  J.,  Hotd  Richford,  Rochester,  N.  Y. 
Dewey,  Charles  S.,  31  Holyoke  St.,  Cambridge,  Mass. 
Dimham,  Andrew  A.,  Bainbridge,  N.  Y. 
Ellsworth,  Paul  R.,  275  Oregon  St.,  Milwaukee,  Wis. 
Fawcett,  W.  J.,  Dominion  Tire  Factory,  Kitchener,  Ontario,  Canada. 
Frye,  Colin  C.,  Cape  Explosives  Works,  Ltd.,  Somerset  West,  Cape 
Town,  South  Africa. 
Gibson,  William  H.,  York  Sheet  Flax  Spinning  Co.,  Ltd.,  Belfast,  Ireland. 
Graham,  Elsie,  Iroquois  Falls,  Ontario,  Canada. 
Grant,  Willis  H.,  New  Castle  Rubber  Co.,  New  Castle,  Pa. 
Guthrie,  J.  W.,  3920  Fifth  St.,  San  Diego,  Calif. 
Hallman,  Arthur  F.,  57  S.  Chestnut  St.,  Aiu-ora,  111. 
Hatae,  Bunshiro,  Central  Lab.  S.  M.  Ro  Co.,  Dairen,  South  Manchuria. 
Hickey,  D.  F.,  1076  West  12th  St.,  Chicago,  111. 
Hildebrand,  Fred,  563  First  St.,  Brooklyn,  New  York. 
Hissink,  D.  J.,  Herman  Colleniusstraat  25,  Groningen,  Holland. 
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HoUingshead,  Robert  S.,  310  Custom  House,  New  Orleans,  La. 
Howell,  L.  B.,  1313  Tuam  St.,  Houston,  Texas. 
Jarvie,  J.,  Femdale,  Kenmure  Ave.,  Bishopbriggs,  Glasgow,  Scotland. 
Johnson,  Chas.  W.,  611  Prylania  Ave.,  Hamilton,  Ohio. 
Jorissen,  W.  P.,  Leiden,  Holland. 

Kato,  Fusajiro,  9  Sanchome  Tenmacho,  Yotsuya,  Tokyo,  Japan. 
Knight,  Octavius,  2  Rector  St.,  New  York  City. 
Ladreda,  Joseph  M.  F.,  Wardman  Park  Inn,  Washington,  D.  C. 
Laird,  Alfred  W.,  Atlas  Club,  Tamaqua,  Pa. 
LamcKl,  Frank  B.,  5939  Indiana  Ave.,  Chicago,  111. 
Liljenroth,  Frans  G.,  906  Broome  St.,  WUmingtcm,  Dd. 
Loewenthal,  Siegfried,  cr.  Amer.  Borvi^  Co.,W.  98th  St.,  Cleveland,  Ohio. 
Logan,  Milan  A.,  8  Gray  St.,  Arlington,  Mass. 
Macintosh,  Charles  H.,  118  Market  St.,  Tamaqua,  Pa. 
Manchester,  Howard  G.,  1535  Wisconsin  St.,  Racine,  Wis. 
Martin,  Harold  S.,  No.  39  Fairmont  Apts.,  Salt  Lake  City,  Utah. 
Massie,  Mitfc»xl  C,  220  Broadway,  New  York  City. 
Meyer,  Martin,  126  Claremont  Ave.,  New  York  City. 
Meyer,  Samuel,  340  First  Ave.,  New  York  City. 
Miller,  Harry  L.,  3038  North  3rd  St.,  Phila.,  Pa. 
Miller,  Raymond  J.,  Keystone  Leather  Co.,  Camden,  N.  J. 
Milton,  Harry  H.,  376  S.  Broadway,  Aurora,  111. 
Moran,  R.  C,  Ridley  Park,  Pa. 
Morgan,  Edward  W.,  263  35th  St.,  Milwaukee,  Wis. 
Munde,  W.  S.,  Library,  Univ.  of  lU.,  Urbana,  111. 
Negru,  Jacques  S.,  503  Manhattan  Ave.,  New  York  City. 
Obroi,  M.  S.,  Rawsd  Pindi,  India. 

Ohlsson,  Ernst,  Hotel  La  Tourette,  15  W.  ist  St.,  Bayonne,  N.  J. 
Ohman,  Paul,  3513  West  Adams  St.,  Chicago,  111. 
Place,  P.  Bruce,  Newmarket,  N.  H. 
Proskouriakoff,  A.,  5810  Hazel  Ave.,  Phila.,  Pa. 
Rackley,  W.  H.,  Burrage,  Mass. 
Rader,  Lyell  M.,  6353  Sheridan  Road,  Chicago,  111. 
Rice,  Francis  O.,  N.  Y.  University,  University  Heights,  N.  Y. 
Rideal,  Eric  K.,  Chem.  Lab.,  University  of  lU.,  Urbana,  111. 
Ringstad,  Myron  H.,  Le  Grande,  Washington. 

Rodda,  Stanley  N.,  Working  Men's  College,   134  Latrobe  St.,  Mel- 
boiune,  Victoria,  Australia. 
Schlesinger,  Edwin,  80  Fanshaw  Ave.,  Yonkers,  N.  Y. 
Seamans,  John  H.,  1869  E.  71st  St.,  Chicago,  111. 
Sen,  Kaviraj  S.,  12/1  &  19  Lower  Chitpur  Road,  Calcutta,  India. 
SherriU,  Marcus,  1121  State  St.,  Fort  Morgan,  Colo. 
Slauson,  J.  G.,  784  Genesee  St.,  Utica,  N.  Y. 

Snell,  Foster  D.,  The  Buckingham,  3089  Broadway,  New  York  City. 
Sotde,  Roderique  F.,  South  Freeport,  Maine. 
Spicer,  John  S.,  276  Peflfer  St.,  Harrisbiug,  Pa. 
Springer,  Franklin  H.,  P.  I.  K.  House,  Kmgston,  R.  I. 
Steam,  Allen  E.,  603  E.  White  St.,  Champaign,  111. 
Steik,  Karl  T.,  404  So.  loth  St.,  Laramie,  Wyoming. 
Stratford,  C.  W.,cr.  Associated  Oil  Co.,  Sharon  Bldg.,  San  Francisco,  Calif. 
Sutton,  W.  A.,  401  State  St.,  W.  Lafayette,  Ind. 
Swan,  Horace  G.,  173  Westminster  Road,  Rochester,  N.  Y. 
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Thompson,  N.  Julien,  210  S.  Whitney  St.,  Hartford,  Conn. 

Tomlinson,  Albert  H.,  200  S.  Chester  Road,  Swarthmore,  Pa. 

Towers,  John,  Mancelona,  Mich. 

Unber,  Frank  J.  B.,  Alpha  Tau  Omega,  State  College,  Pa. 

VeUner,  Eugene,  4600  Old  York  Road,  Phila.,  Pa. 

Waite,  Lucy  H.,  291  Farrington  St.,  Wollaston,  Mass. 

Waldo,  John  H.,  802  W.  Illinois  St.,  Urbana,  111. 

Warzesla,F.S.,cr.Linde  Air  Products  Co.,Kohl  Bldg.,San  Francisco,  Calif. 

Waterman,  H.  I.,  Van  Leeuwenhochsingel  26,  Ddft,  Holland. 

White,  Clarence  H.,  136  Sheetz  St.,  W.  Lafayette,  Ind. 

White,  James  F.,  130  E.  Bridge  St.,  Berea,  Ohio. 

White,  Merton  C,  256  S.  Broad,  Woodbiuy,  N.  J. 

Wilder,  C.  N.,  Ga.  State  College  of  Agriculture,  Athens,  Ga. 

Wilkinson,  T.  S.,  cr.  Navy  Department,  Washington,  D.  C. 

Williams,  Arthiu*  S.,  211  Jackson  St.,  Georgetown,  Ky. 

Wilson,  Robert  G.,  223  S.  6th  St.,  Phila.,  Pa. 

Wing,  Lew  S.,  406  N.  Los  Angeles  St.,  Los  Angeles,  Calif. 

Wishart,  Roberts.,  **Dimcam,"  Townsend  Crescent,  Elircaldy,  Scotland. 

CORPORATION  MEMBERS. 

Peoples  Gas  Light  &  Coke  Co.,  1607  Peoples  Gas  Bldg.,  Chicago,  111. 

REPORT  OF  COMMITTEE  ON  THE  LATE  LORD  RAYLEIGH. 

John  William  Strutt,  better  known  as  Lord  Rayleigh,  is  the  third  dis- 
tinguished British  scientist  lost  from  the  honorary  membership  roll  of 
the  American  Chemical  Society  during  the  last  five  years.  He  was  bom 
a  nobleman,  Uved  an  active,  intellectual  life,  and  when  nearing  four  score 
years  died  during  the  summer  while  still  serving  his  cotmtry,  his  people, 
and  his  science. 

If  such  distinction  be  permissible.  Sir  William  Ramsay  and  Sir  William 
Crocdces  were  essentially  physical  chemists  and  Lord  Rayleigh  was  a  physi- 
cist. When  but  a  yomig  man  he  succeeded  Clerk  Maxwell  in  the  Cavendish 
professorship  of  physics  in  Cambridge,  being  in  turn  succeeded  by  J.  J. 
Thomson,  when  he  became  professor  of  natural  philosophy  in  the  Royal 
Institution.  In  1908  he  became  Chancellor  of  the  University  of  Cambridge 
which  office  he  occupied  until  his  death. 

Lord  Rayleigh  investigated  and  wrote  upon  General  Mechanics,  Elastic 
Solids,  Capillarity,  Hydro-dynamics,  Thermodynamics,  Sound,  Elec- 
tricity, Magnetism,  Optics,  and  the  Properties  of  Gases,  thus  broadly 
extending  the  field  of  knowledge  and  clarif)dng  many  previously  obscure 
matters.  His  rare  mathematical  abiUty  dove  to  the  essence  of  any  prob- 
lem he  encountered.  He  possessed  "the  spirit  and  feeling  of  the  artist 
in  the  preparation  and  presentation  of  his  papers.*'  His  "Collected  Papers" 
(about  350  down  to  19 10)  make  five  volumes.  Some  fifty  more  will  no 
doubt  be  issued  in  another  volume. 

Lord  Rayleigh's  accuracy  of  observation  coupled  with  his  remarkable 
ability  to  determine  the  essential  features  of  an  experiment  led  to  the  recog- 
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nition  that  the  B.  A.  Ohm  was  one  per  cent,  too  small  to  established 
values  for  the  electrochemical  equivalent  of  silver  and  to  determined 
values  for  the  electromotive  force  of  the  standard  Clark  cell.  As  a  mem- 
ber of  the  Electrical  Standards  Committee  he  investigated  Thomson's 
work  on  the  number  of  electrostatic  tmits  in  the  electromagnetic  field, 
as  well  as  other  important  determinations,  which  are  associated  with  his 
oym  authoritative  meastu-ements. 

Lord  Rayleigh  is  best  known  to  the  chemists  of  the  world  through  his 
classical  determination  of  the  density  of  nitrogen  obtained  from  dilBferent 
sources,  which  eventuated  in  the  discovery  of  argon.  He  thus  erected 
a  pioneer  post  whence  his  associate,  Ramsay,  went  out  to  gather  a  galaxy 
of  the  noble  gases  of  the  air,  and  others  evolved  a  multitude  of  new  con- 
ceptions of  the  conduct  of  matter. 

Lord  Rayleigh  was  ever  ready  to  serve  and  did  serve  in  large  tmder- 
takings  of  worthy  character.  He  gave  abtmdantly  of  himself  for  half  a 
century.  He  was  active  in  founding  the  National  Physical  Laboratory 
of  Great  Britain  and  long  served  as  Chairman  of  the  Executive  Committee 
in  charge.  In  1908,  he  presided  at  the  International  Conference  on  0ec- 
trical  Units  held  in  London;  in  1909  he  became  the  first  president  of  the 
Advisory  Committee  for  Aeronautics,  continuing  actively  until  after  the 
Armistice  was  signed;  he  was  a  member  of  the  Explosives  Committee; 
a  gas  referee  for  London,  in  1917 ;  even  at  an  advanced  age,  he  wss  an  ac- 
tive member  of  the  Advisory  Council  of  the  Department  erf  Scientific 
and  Industrial  Research.  One  of  the  first  members  erf  the  order  erf  Merit; 
a  Privy  Councillor;  he  received  the  Nobd  prize  in  1904;  the  Royal,  Copley, 
and  Rumford  medals  went  to  him.  He  was  an  OflScer  of  the  Legion  of 
Honor;  foreign  member  of  the  Institute  of  Science;  an  honorary  member 
and  correspondent  of  numerous  learned  societies;  and  a  recipient  ol  many 
honorary  degrees. 

The  Council  of  the  American  Chemical  Society  at  its  earliest  meeting 
after  being  informed  of  the  death  of  this  distinguished  Honorary  Member 
appointed  a  Committee,  which  moves 

It  be  Resolved,  That  the  American  Chemical  Society  records  with  a  deep 
sense  of  regret  the  passing  away  of  John  William  Strutt,  Lord  Rayleigh, 
scientist,  educator,  publicist,  exemplar  of  EngUshmen,  citizen  of  the  worid, 
but  rejoices  that  many  years  of  usefulness  were  his,  for  in  words  often  used 
by  him,  "The  works  of  the  Lord  are  great,  sought  out  of  all  them  that 
have  pleasure  therein."  Qhas.  BaskerviixE,  Chairman, 

Wbudbr  D.  Bancroft, 
Marston  T.  Bogbrt, 
Julius  Stieglitz, 
Francis  P.  Vbnable, 

CommtUee. 
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MEETINGS  OF  THE  SECTIONS. 

[Full  acoounts  of  all  meetings  should  be  sent  to  Secretary  Charles  L.  Parsons, 

1709  G  St.,  N.  W.,  Washington,  D.  C] 

ALABABIA  SECTION. 

The  regular  meeting  of  the  Alabama  Section  of  the  American  Chemical 
Society  was  held  Saturday  evening,  October  4,  at  the  Southern  Club, 
Binningham.  The  program  consisted  of  a  paper  by  Prof.  E.  R.  Miller, 
Research  Chemist  of  the  Alabama  Experiment  Station,  Aubiun,  on 
"Some  Volatile  Oils  from  Native  Alabama  Plants,"  and  a  talk  by  Mr. 
James  T.  MacKenzie,  Chief  Chemist  of  the  American  Cast  Iron  Pipe 
Company,  Birmingham,  on  "Chemistry  in  the  Foundry."  Prof.  B.  B. 
Ross  and  Prof.  I.  N.  Kugelmass  reported  on  the  Philadelphia  meeting  of 

the  A.  C.  S.  William  H.  Bb«bs,  Jr.,  Stcretary. 

CALIFORNIA  SBCTION. 

The  II 2th  regular  meeting  of  the  California  Section  of  the  American 
Chemical  Society  was  held  Saturday  evening,  the  27th,  at  the  Faculty  Club 
of  the  University  of  California.  After  the  business  meeting  at  the  Faculty 
Club,  our  Section  joined  with  the  Sigma  Xi  in  a  joint  session,  in  Room  300, 
Chemistry  Building,  University  of  California.  The  paper  of  the  evening 
was  on  "Research  behind  the  Battle  Line,"  illustrated  by  motion  pictures 
of  the  Chemical  Warfare  Service  in  France,  given  by  Joel  H.  Hildebrand, 
Professor  of  Chemistry  at  the  University  of  California,  recently  Lieutenant 

Colonel,  C.  W.  S.,  A.  E.  F.  Bkyant  S.  Drakb,  Suretary. 

CINCINNATI  SECTION. 

The  228th  meeting  of  the  Cincinnati  Section  of  the  American  Chemical 
Society  was  held  in  the  Chemical  Auditorium  of  the  University  of  Cin- 
cinnati, Wednesday,  October  15,  1919,  at  7.30  p.m.  Dr.  S.  Tashiro,  of  the 
Medical  Collie  of  the  University  of  Cincinnati,  gave  a  paper  on  "Chemical 
Change  during  the  Passage  of  Nerve  Impulse."       a.  o.  shoddy,  stcretary. 

CONNECTICUT  VALI^Y  SECTION. 

The  Connecticut  Valley  Section  of  the  American  Chemical  Society 
held  its  first  regular  meeting  of  the  season  at  the  University  Club,  Hart- 
ford, Conn.,  on  Saturday,  October  11,  1919.  Professor  F.  P.  Underbill, 
of  Yale  University,  spoke  on  some  of  the  phases  of  the  Gas  Defence  work 

done  under  his  direction.  William  Hainb,  Surttary, 

I^XINGTON  SECTION. 

The  56th  meeting  of  the  Lexington  Section  of  the  American  Chemical 
Society  was  held  in  the  Physics  Lecture  Room  in  the  Physics  Building 
on  Wednesday,  October  15,  1919,  at  3.45  p.m.  Program:  **An  Account 
of  the  Philadelphia  Meeting,"  Dr.  F.  E.  Tuttle;  **The  Cause  of  Deteriora- 
tion and  Spoiling  of  Com  and  Com  Meal,"  Mr.  J.  S.  McHargue;  "The 
Efifect  of  Calcium  on  the  Composition  of  the  Eggs  and  Carcass  of  the  Lay- 
ing Hen,"  Dr.  G.  D.  Buckner.  gbo.  r.  bancrow,  Secretary. 
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LOUISVILLE  SECTION. 

At  the  first  meeting  of  the  Louisville  Section  for  the  fall  work  held 
Friday,  October  3,  election  of  ofiElcers  for  the  ensuing  year  resulted  as 
follows:  Chairman,  Henry  K.  McConnell»  933  South  9th  St.,  LouisviUe, 
Ky.;  Councillor,  Alfred  W.  Homberger,  loi  West  Chestnut  St.,  Louis- 
ville, Ky.  W,  E.  JANSS,  SurHary  Pro  Tm. 

NEW  YORK  SECTION. 

The  first  regular  meeting  of  the  Section  of  the  1919-1920  season  was 
held  on  the  evening  of  Friday,  October  10,  in  Rtmiford  Hall,  50  Bast 
41st  St.  The  evening  was  devoted  to  papers  on  the  general  subject  of 
"Alcohols,"  both  from  the  production  and  industrial  uses  viewpoints.  The 
following  papers  will  be  presented:  **The  Futiure  of  Industrial  Alcohols," 
B.  R.  Tunison;  **Ethyl  Alcohol  from  Wood  Waste,"  F.  W.  Kresanann; 
"Higher  Alcohols,"  G.  F.  Richmond;  "Alcohol  from  Sulfite  Waste  Liquor," 
Ralph  H.  McKee;  "Use  of  Alcohol  in  the  Dye  Industry,"  Leonard  H. 

Cretcher.  Hwimkt  G.  Simbottom.  StarHvy. 

PtTTSBURGH  SECTION. 

The  157th  meeting  was  held  September  18.  Program:  "Chemical 
War  Industries  Board;"   ''Conditions  Abroad,"  by  C.   H.  McDowell. 

The  158th  meeting  was  held  October  16.  Program:  "Problems  Re- 
lating to  the  Chemistry  of  Coal,"  by  Dr.  R.  Thiessen. 

ROCHESTER  SECTION. 

The  94th  meeting  was  held  Monday,  October  6.  Dr.  Arthur  W.  Browne, 
Head  of  the  Department  of  General  Chemistry,  Cornell  University,  pre- 
sented an  illustrated  paper  entitled:  "The  Chemistry  of  Nitrogen." 

B.  M.  BiLUNOS,  Secrttmry. 
SOUTHEAST  TEXAS  SECTION. 

The  9th  meeting  was  held  Sattu-day,  October  4,  19 19,  at  Port  Arthtu*, 
Texas.  Program:  "Chemistry  of  the  Packing  Plant,"  Dr.  L.  S-  Bush- 
nell,  of  Freeport,  Texas.  p.  s.  th^oh,  5wr«torj. 


DECEASED  MEMBERS. 

Scott,  W.  G.,  1033  Magnolia  Ave.,  Long  Beach,  Calif.  Died  August  31, 
1919. 

Waller,  Elwyn  (Life  Member),  7  Franklin  Place,  Morristown,  N.  J. 
Died  July  6,  1919. 

Parker,  T.  J.,  Bayonne,  N.  J. 

Hopkins,  Cyril  George,  Univ.  of  111.,  Urbana,  111. 
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Uaned  with  the  December  Number,  1919. 

Proceedings. 

COUNCIL. 

Mr.  H.  E.  Howe  has  been  appointed  a  member  of  the  Committee  on 
Reagents  and  Apparatus. 

MEMBERS  ELECTED  BETWEEN  OCTOBER    1 5  AND  NOVEMBER   1 5,    19 1 9. 

Adriano,  Felipe  T.,  Hartley  Hall,  Columbia  University,  New  York  City. 

Albrecht,  Herbert  O.,  8  Wendell  St.,  Cambridge,  Mass. 

Allbright,  W.  B.,  4937  Dorchester  Ave.,  Chicago,  111. 

Bailey,  E.  M.,  Agricultural  Experiment  Station,  New  Haven,  Conn. 

Bams,  Helen  V.,  Flatwoods,  W.  Va. 

Bartlett,  Ethel  L.,  536  S.  Liberty  St.,  Winston-Salem,  N.  Carolina. 

Bartow,  Virginia,  Goucher  College,  Baltimore,  Md. 

Beard,  Leslie  C,  Jr.,  1120  Linden  Ave.,  Baltimore,  Md. 

Becker,  Carl,  Illini  Hall,  Wright  St.,  Champaign,  111. 

Beebe,  S.  P.,  417  Park  Ave.,  New  York  City. 

Bennett,  Joseph,  Wmdsor  Print  Works,  North  Adams,  Mass. 

Berger,  Henry  G.,  407  W.  Healey  St.,  Champaign,  111. 

Berkeley,  Cyril  J.,  The  Biological  Station,  Nanaimo,  B.  C. 

Blew,  Michael  J.,  loi  W.  Chestnut  St.,  Louisville,  Ky. 

Bloomberg,  John,  cr.  Freeport  Sulphiu*  Co.,  Freeport,  Texas.  ^ 

Bracken,  Oliver  L.,  28  East  7th  St.,  Chillicothe,  Ohio. 

Brenton,  Walter,  1048  W.  Market  St.,  Akron,  Ohio. 

Brockman,  Charles  J.,  3  N.  Main  St.,  Nazareth,  Pa. 

Brown,  Ralph  W.,  cr.  American  Bauxite  Co.,  Bauxite,  Ark. 

Bryan,  Russell  R.,  Eureka,  San  Juan  Coimty,  Colorado. 

Bt^B&ngton,  R.  M.,  1614  Kentucky  St.,  Lawrence,  Kansas. 

Bulbrook,  Harry  M.,  Indian  Head,  Md. 

Busch,  Henry  P.,  1006  Spruce  St.,  Phila.,  Pa. 

Byers,  M.  L.,  16  Webster  Place,  E.  Orange,  N.  J. 

Cadwell,  Sidney  M.,  561  W.  58th  St.,  New  York  City. 

Cantwell,  Garrett  R.,  Elsmere,  Delaware. 

Carlson,  Lewis  H.,  cr.  Frederick  Steams  &  Co.,  Detroit,  Mich. 

Casey,  Richard  G.,  125  William  St.,  Melboume,  Australia. 

Chamberlain,  Frederick  H.,  806  First  Place,  Plainfield,  N.  J. 

Chen,  T.  Y.,  Box  105,  Washington,  Pa. 

Church,  John  F.,  121  Main  St.,  Peabody,  Mass. 

Cole,  J.  Bishop,  807  Southem  Ave.,  Mt.  Washington,  Pittsbiu-gh,  Pa. 

Coven,  Allen  W.,  1122  West  Ave.,  Elyxia,  Ohio. 

Creelman,  Fred  N.,  No.  49  Parker  Hall,  Bates  College,  Lewiston,  Maine. 

Davidson,  Arthur  W.,  601  West  137th  St.,  New  York  City. 

Davidson,  Harry,  601 1  Osage  Ave.,  Phila.,  Pa. 

Davis,  George  W.,  Eagleville,  Missouri. 

Dick,  Abraham  H.,  952  Tiffany  St.,  New  York  City. 

Duhring,  Edwin  L.,  cr.  Charles  Enen  Johnson  &  Co.,  Phila.,  Pa. 

I>uiming,  Joseph  W.,  18  Maple  Terrace,  Rahway,  N.  J. 

Eaton,  Carl  H.,  67  Miurdock  St.,  Yoimgstown,  Ohio. 

Eckels,  H.  L.,  1922  Arch  St.,  Phila.,  Pa. 

Egidius,  Thorvald  F..  Servaas  Bolwerk  to,  Utrecht.  Holland. 
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Eldred,  Delos  N.,  2834  Stephenson  Ave.,  Los  Angeles,  Calif. 

Ellis,  M.,  216  Sacre  Via,  Marietta,  Ohio. 

Ets,  Harold  N.,  Culver  Road,  Irondequoit,  N.  Y. 

Fannon,  Ralph  W.,  Box  No.  4,  Mosinee,  Wis. 

Felton,  Lloyd  D.,  1601  N.  Broadway,  Baltimore,  Md. 

Fischer,  Martin  H.,  Medical  College,  Eden  Ave.,  Cincinnati,  Ohio. 

Fischer,  Ralph  M.,  772  East  25th  St.,  Paterson,  N.  J. 

Fixman,  B.,  520  W.  Capitol  Ave.,  Little  Rock,  Ark. 

Foster,  Stuart  B.,  420  West  121st  St.,  Apartment  55,  New  York  City. 

Frajirie,  Frank  R.,  221  Columbus  Ave.,  Boston,  Mass. 

Frye,  James  B.,  Sheldon  Court,  Ithaca,  N.  Y. 

Gair,  A.  M.,  Box  663,  Lee,  Mass. 

Gatewood,  Elizabeth  S.,  16  Louisbiu'g  Square,  Boston,  Mass. 

Giandloni,  Vivian  J.,  The  Teresa  Sugar  Co.,  Ceiba  Hueca,  Oriente,  Cuba. 

Goodrich,  Charles  W.,  33  Linden  St.,  Waltham,  Mass. 

Grams,  Marie  H.,  619  Langdon,  Madison,  Wis. 

Gray,  Chas.  I.,  Cass  Tech.  High  School,  Detroit,  Mich. 

Greenberg,  Alexander,  1075  Tiffany  St.,  New  York  City. 

Grennan,  Joseph  P.,  St.  Francis  College,  Loretto,  Pa. 

Griswald,  Thos.,  Jr.,  616  Midland  Ave.,  Midland,  Mich. 

Grove,  John  M.,  45  Van  Wagenen  Ave.,  Jersey  City,  N.  J. 

Guckes,  PhiUp  E.,  517  Beacon  St.,  Boston,  Mass. 

Hailey,  O.  L.,  132  N.  Bellevue  Blvd.,  Memphis,  Tenn. 

Haldeman,  Harry  E.,  Lexington,  Ohio. 

Hartley,  W.  T.,  632  Washington  Ave.,  Dunkirk,  N.  Y. 

Hays,  B.  Frank,  80  Beekman  St.,  New  York  City. 

Heiss,  Gerson  K.,  124  Willoughby  Ave.,  Brooklyn,  N.  Y. 

Helder,  Horatio  A.,  L.B.,  No.  516,  Canton,  N.  Carolina. 

Herr,  Richard  F.,  cr.  Y.  M.  C.  A.,  Yoimgstown,  Ohio. 

Hilbert,  Paul  E.,  Cor.  Gay  &  Charles  Sts.,  Red  Lion,  Pa. 

Hirsch,  Oscar  C,  312  South  Frederick  St.,  Cape  Girardeau,  Missoiui. 

Hoffman,  Harry  J.,  498  Chestnut  St.,  Arlington,  N.  J. 

Hooker,  Edwin  S.,  Tyrone,  Pa. 

Horton,  Phil  G.,  Box  156,  Parlin,  N.  J. 

Houghton,  H.  W.,  Geary,  Okla. 

Himziker,  O.  F.,  103  Seventh  Ave.,  La  Grange,  111. 

Iliff,  John  W.,  542  West  112th  St.,  Apt.  10  C,  New  York  City. 

Jackson,  G.  R.,  cr.  Norton  Co.,  Niagara  Falls,  N.  Y. 

Jared,  Raymond  R.,  205  Linwood  Ave.,  Detroit,  Mich. 

Joslyn,  Ralph  P.,  80  Central  St.,  HoUiston,  Mass. 

Jureidini,  Gordon,  Adams  Hall,  Union  University,  Jackson,  Tenn. 

Kaufmaim,  Herbert  A.,  285  Newbury  St.,  Boston,  Mass. 

Kelly,  Margaret  W.,  420  West  ii8th  St.,  New  York  City. 

Knudsen,  K.  Hv.,  96  Maiden  Lane,  New  York  City. 

Kohman,  Girard  T.,  16 14  Kentucky  St.,  Lawrence,  Kansas. 

Koupal,  Walter  G.,  1009  W.  Green  St.,  Urbana,  111. 

Kuentzel,  Ward  E.,  4200  Chesapeake  St.,  N.  W.,  Washington,  D.  C. 

Lanz,  Joseph  L.,  529  Sixth  St.,  Brooklyn,  N.  Y. 

Leary,  Ora,  1130  Kentucky  St.,  Lawrence,  Kansas. 

Lee,  Frank  A.,  128  20th  Ave.,  N.,  Seattle,  Wash. 

Le  Roy,  B.  R„  Jr.,i277  South  4th  St.,  Phila.,  Pa. 
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Levine,  Victor  E.,  School  of  Medicine,  Creighton  University,  Omaha, 
Nebr. 

Light,  Milo,  State  Normal  School,  West  Chester,  Pa. 

Lindauer,  Alfred  C,  307  E.  Gorham  St.,  Madison,  Wis. 

Louttit,  C.  M.,  55  Roehrer  Ave.,  Buffalo,  N.  Y. 

Lovell,  Wheeler  G.,  13  Russell  Hall,  Cambridge,  Mass. 

Luce,  Clark  C,  614  Stewart  Ave.,  Ithaca,  N.  Y. 

MacPherson,  Warren,  748  Main  St.,  Cambridge,  Mass. 

Marshall,  Stuart  B.,  3606  Newark  St.,  Washington,  D.  C. 

Marxuach,  A.,  142 1  Arch  St.,  Phila.,  Pa. 

Maverick,  George  M.,  The  Angus  Co.,  Calcutta,  India. 

Maybiury,  William  G.,  Jr.,  Hot  Springs,  Ark. 

McCann,  F.  A.,  406  E.  John  St.,  Champaign,  111. 

McElvain,  S.  M.,  3518  Palm  St.,  St.  Louis,  Mo. 

McKerrow,  H.  Gardner,  Chemists'  Club,  52  East  41st  St.,  New  York 
City. 

Merck,  George  W.,  45  Park  Place,  New  York  City. 

Meschter,  A.  F.,  Woodstown,  N.  J. 

Moyler,  Harry  L.,  P.  O.  Box  162,  Indian  Head,  Md. 

Muren,  Albert  L.,  209  Division  St.,  Burlington,  Iowa. 

Murphy,  T.  H.,  P.  O.  Box  213,  Yonkers,  N.  Y. 

Nadel,  Percy,  2245  Tiebout  Ave.,  Bronx,  New  York  City. 

Nelson^  I.  Hawthorne,  412  ICnoblock  St.,  Stillwater,  Olda. 

Nelson,  R.  S.,  1009  W.  Green  St.,  Urbana,  III. 

Norton,  A.  J.,  Matthews  44,  Cambridge,  Mass. 

Ohgiuro,  Kaoru,  21  Wendell  St.,  Cambridge,  Mass. 

Parker,  Gilbert  A.,  cr.  Chemical  Lab.,  Ruston  &  Homsby,  Lincoln, 
England. 

Parks,  Harold  C,  6430  Woodbine  Ave.,  Phila.,  Pa. 

Pazy  Puente,  Angel,  Calle  2  Norte  410,  Puebla,  Pue.,  Mexico. 

Pearce,  Marvin  J.,  305  E.  Daniel  St.,  Champaign,  III. 

Peck,  H.  E.,  39  Auburn  St.,  Concord,  N.  H. 

Peckham,  Wm.  M.,  17  Collins  Ave.,  Troy,  N.  Y. 

Perry,  Pierce  R.,  4339  Oakenwald  Ave.,  Chicago,  III. 

Pike,  Edwin  F.,  1140  Upland  St.,  Chester,  Pa. 

Pmkney,  Fred  T.,  Depue,  HI. 

Pouohson,  Rene  A.>  4403  Osage  Ave.,  Phila.,  Pa. 

Prichard,  R.  S.,  503  E*  Foster  Ave.,  State  College,  Pa. 

Reed,  Allen  B.,  213  Spencer  St.,  Ithaca,  N.  Y. 

Reiss,  Clifford  E.,  301  Iowa  Bldg.,  cr.  The  Black  Hawk  Tire  &  Rubber 
Co.,  Des  Moines,  Iowa. 

Reoch,  Robert  A.,  Pacific  Mills  Printworks,  Lawrence,  Mass. 

Rettew,  Edward  W.,  420  Franklin  St.,  Reading,  Pa. 

Rhodes,  Opal  T.,  15  East  Ninth  St.,  Fulton,  Missouri. 

Rogers,  Joseph  B.,  523  Race  St.,  Harrisbiu'g,  Pa. 

Salter,  Clarence  H.,  310  North  First  St.,  Monmouth,  111. 

Sams,  Crawford  F.,  3245  Audubon  Place,  E.  St.  Louis,  111. 

Sayce,  E.  L.,  26  Jolimont  Terrace,  Jolimont,  Victoria,  Australia. 

Scholl,  William  A.,  1423  i8th  Ave.,  Altoona,  Pa. 

Schwarz,  Theodore,  Trutnov,  Czechoslovakia. 

Segur,  J.  B.,  Room  225,  Chem.  Bldg.,  Univ.  of  111.,  Urbana,  111. 
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Sdders,  Raymond  E.,  124  West  8th  St.,  Oklahoma  City,  Okla. 
SeUman,  Prank  R.,  1344  48th  Ave.,  San  Francisco,  CaUf. 
Sivitz,  Witliam  I.,  Aluminum  Co.  of  America,  New  Kensington,  Pa. 
Smith,  K.  Dolbeer,  S5rracuse  Rubber  Co.,  S)rracuse,  N.  Y. 
Smith,  Leland  R.,  9908  Lamont  Ave.,  Cleveland,  Ohio. 
Soars,  C.  Austin,  5003  Chester  Ave.,  Phila.,  Pa. 
Sporkin,  Charles  H.,  1308  N.  Seventh  St.,  Phila.,  Pa. 
Stewart,  Andrew,  1442  Clifton  St.,  N.  W.,  Washington,  D.  C. 
Svanoe,  Hans,  cr.  Mrs.  Taylor,  710  4th  St.,  Niagara  Falls,  N.  Y. 
Swayze,  Myron  A.,  Texas  Portland  Cement  Company,  Houston,  Texas. 
Swett,  Francis  S.,  Fort  McKinley,  Portland,  Maine. 
Tabem,  G.  W.,  10  Twelfth  St.,  Detroit,  Mich. 
Taft,  Robert,  Ottawa  University,  Ottawa,  Kansas. 
Thomas,  Theodore,  717  Forbes  St.,  Pittsburgh,  Pa. 
Trevithick,  Gladys  I.,  424  Duck  St.,  Stillwater,  Okla. 
Updike,  Ira  A.,  The  Graduate  College,  Princeton  Univ.,  Princeton,  N.  J. 
Vandaveer,  F.  Ewart,  604 Vj  E.  Stoughton  St.,  Champaign,  IH. 
Van  Tassel,  Edward  D.,  Jr.,  120  Franklin  St.,  Newton,  Mass. 
Vaupel,  H.  F.,  cr.  El  Reno  MiH  &  Elv.  Co.,  El  Reno,  Okla. 
Wade,  W-  M.,  385  Pilgrim  Ave.,  Highland  Park,  Detroit,  Mich. 
Wakefield,  R.  A.,  Va.  Union  University,  Richmond,  Va. 
Wallis,  Charles  H.,  703  Wynnewood  Road,  Phila.,  Pa. 
Walter,  Albert,  cr.  Stauffer  Chemical  Co.,  Inc.,  Chaimcey,  N.  Y. 
Watson,  Ralph  A.,  333  So.  12th  St.,  Phila.,  Pa. 

Webber,  Wolfert  G.,  Harvard  Meddal  School,  240  Longwood  Ave., 
Boston,  Mass. 
Welcome,  Carl  J.,  Wallaceburg,  Ontario,  Canada. 
Wendkos,  Jesse,  1252  S.  17th  St.,  Phila.,  Pa. 
Wood,  Howard  D.,  174  Holland  St.,  Lewiston,  Maine. 
Wood,  Robert  E.,  918  Court  MeriU,  Mitchell,  So.  Dakota. 
ZilUok,  William  G.,  603  Vernon  Ave.,  W.,  Fergus  Falls,  Minn. 

CORPORATION  MEMBER. 

Camotite  Reduction  Co.,  2553  South  Park  Ave.,  Chicago,  III. 

MEETINGS  OF  THE  SECTIONS. 

[Full  accounts  of  all  meetings  should  be  sent  to  Secretary  Charles  L.  Parsons, 
1709  G  Street,  N.  W.,  Washington.  D.  C] 

CINCINNATI  SECTION. 

The  regular  meeting  of  the  Cincinnati  Section  was  held  Wednesday 
evening,  November  12. 

Program:  "The  Rare  Earths,  Their  Producticm  and  Utilization,"  with 
special  reference  to  Thorium,  Ceriimi  and  Mesothorium;  illustrated  by 
lantern  sUdes,  samples,  etc.,  by  Dr.  H.  S.  Miner,      a.  o.  smoddt,  s^attary. 

CLEVELAND  MEETINO. 

The  first  Autumn  meeting  of  the  Cleveland  Section  of  the  American 
Chemical  Society  was  held  Monday,  November  3. 

Mr.  R.  S.  McBride,  Engineer  Chemist,  of  the  U.  S.  Bureau  of  Standards, 
discussed,  "Some  Principles  Underljring  Municipal  Gas  and  Fuel  Supply." 

&.  D.  Lajtosum,  Surglmry, 
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COLUBfBUS  SBCnON. 

Met  on  Friday  evening,  October  31.  Dr.  Harvey  W.  Wiley  addressed 
the  Section  and  was  the  guest  of  the  Section  at  an  informal  dhmer. 

JBSSB  B.  Day,  Secretary, 
COBNUhL,  SECTION. 

The  Section  met  at  Morse  Hall,  Thursday,  October  30,  1919.  Pro- 
gram:  "Gas  Warfare,"  by  Dr.  L.  A.  Maynard.       f.  r.  obokoia,  secretly. 

DELAWARE  SECTION. 

Regular  meeting,   Wednesday,   October   29,    1919,  Wilmington,  Del. 
Address:  "The  Rubber  Industry,"  by  Dr.  W.  C.  Geer,  Vice-President 

of  the  B.  P.  Goodrich  Company.  j.  Howaxd  Orabaic,  secretary, 

DBTROrr  SECTION. 

The  one  hundredth  and  tenth  meeting  of  the  Detroit  Section  was  held 
Thursday  evening,  October  16.  The  speaker  of  the  evening  was  Dr. 
J.  H.  Ransom,  of  the  Michigan  Smelting  Co.,  on  the  topic:  "The  Cause 
of  the  Sweet  Taste  of  Organic  Compounds."  d.  s.  pssxt,  secretary, 

INDIANA  SECTION. 

The  October  meeting  of  the  Indiana  Section  of  the  American  Chemical 
Society  was  held  Friday,  OctcAer  17.  Speaker:  Dr.  Frank  C.  Mathers, 
Assistant  Professor  of  Chemistry,  Indiana  University.  Subject:  "Some 
Experiments  with  Free  Fluorine." 

The  following  officers  were  elected:  President,  H.  W.  Rhodehamel; 
Vice-President,  E.  G.  Mahin;  Secretary  and  Treasurer,  E.  B.  Carter,  2615 
Ashland  Ave.,  Indianapolis;  Executive  Committee,  Helen  C.  Gillette,  J. 

C.  Diggs,  and  R.  Chester  Roberts. 

The  Indiana  Section  of  the  American  Chemical  Society  met  Friday, 
November  14,  8.00  p.m.  Speakers:  Major  Harry  E.  Jordan,  Supt.  of 
Filtration,  Indianapolis  Water  Co.  Subject:  "The  Water  Purification 
Plants  of  the  Army  Cantonments  in  the  United  States;"  and  Captain 
John  C.  Diggs,  Water  Engineer  State  Board  of  Health.  Subject:  ''The 
Water  Purification  Plants  of  France."  bdoas  b.  caxt«x,  secretary. 

LEmOH  VALLEY  SECTION. 

The  Lehigh  Valley  Section  met  at  Lehigh  University  on  November 
14. 

Program:  Mr.  J.  George  Lehman,  General  Manager  of  the  Bethlehem 
Foundry  and  Machine  Company,  "Some  Innovations  in  Bethlehem- 
Built  Apparatus."  Mr.  E.  R.  Shimer,  Sales  Metallurgist,  Bethlehem 
Steel  Company,  ''Chemical  Engineering  in  the  Bethlehen;  Steel  Company." 
Professor  J.  W.  Richards,  "Metalliu-gy — Educationally  and  Technically." 
Professor  H.  W.  UUmann,  * 'Chemistry  at  Lehigh  University."     Professor 

D.  S.  Chamberlain,  ''Fuel  Products."    Professor  J.  S.  Long,  "Linseed 
Oil  in  the  Patent  Leather  Industry." 


Digitized  by 


GooQle 


158 

LEXINGTON  SECTION. 

The  57th  meeting  of  the  Lexington  Section  of  the  American  Chemical 
Society  was  held  on  Thitfsday,  November  13,  1919. 

Program:  An  illustrated  lecture  by  Mr.  Harlan  S.  Miner,  Chief  Chemist 
of  the  Welsbach  Company  of  America,  Gloucester  City,  New  Jersey. 
Subject:  'The  Rare  Earths,  Their  Production  and  Utilization,"  with 
special  reference  to  Thorium,  Cerium,  and  Mesothorium. 

Gso.  R.  Bakckopt,  Secretary, 
MARYI«AND  SECTION. 

The  37th  regular  meeting  of  the  Maryland  Section  of  the  American 
Chemical  Society  was  held  on  Friday  evening,  October  17,  at  which 
oflBcers  for  the  ensuing  year  were  elected  as  follows:  Dr.  Frederick  C. 
Blanck,  Chairman;  Mr.  F.  M.  Boyles,  Vice-Chairman;   Mr.  C.  Clifton 

Howes,  Secretary.  C.  Cwfton  Howhs,  secretary. 

MII.WAUKEE  SECTION. 

October  meeting,  Friday,  October  24. 

Mr.  John  A.  Wilson,  Chief  Chemist  of  A.  F.  Gallun  &  Sons  Co.,  gave 
a  paper  on,  "Imbibition." 

MINNESOTA  SECTION. 

October  meeting,  Friday,  October  17. 

Program:  "Aristol,"  by  Dr.  G.  H.  WooUett. 

At  the  meeting  of  the  Minnesota  Section,  held  October  23,  the  follow- 
ing officers  were  elected:  Chairman,  Lauder  W.  Jones;  Vice-Chairman, 
R.  A.  Gortner;  Secretary,  Frank  C.  Whitmore;  Treasurer,  C.  J.  V.  Petti- 
bone;  Councilors,  E.  P.  Harding  and  W.  H.  Hunter. 

Program:  Dr.  Louis  J.  Mat6s  spoke  on  *'Some  Experioices  during 
the  Crisis  of  1914-15  in  the  American  Dye  Industry." 

9»ANK  C.  Wemccau,  Sttretary. 
NASHVILLE  SOCnON. 

The  62nd  meeting  of  the  Section  was  hdd  on  Friday  evening,  NeJvem- 
ber  7. 

Program:  An  illustrated  lecture  on  "Drug  Standardization,"  by  Mr. 
O.  V.  R.  Smith,  erf  Parke  Davis  &  Co.,  h.  a.  wwbb.  sacretary, 

NEW  YORK  SECTION. 

The  New  York  Section  met  at  Rumford  Hall  on  Jime  6.  The  meeting 
was  preceded  by  a  dinner  at  the  Chemists'  Club.  After  a  short  busi- 
ness meeting  the  following  papers  were  delivered: 

**The  Future  of- Industrial  Alcohols,"  B.  R.  Tunison.  "Ethyl"  Alcohol 
from  Wood  Waste,''  F.  W.  Kressman.  ''Alcohol  from  Sulfite  Waste 
Liquor,"  Ralph  H.  McKee.  *'Use  of  Alcohol  in  the  Dye  Industry," 
Leonard  H.  Cretcher.     "Higher  Alcohols,'*  G.  F.  Richmond. 
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The  Section  met  on  November  7  at  the  Chemists*  Club.  The  follow- 
ing resolutions  on  the  death  of  T.  J.  Parker  were  read  and  adopted  by 
a  rising  vote: 

Whereas,  At  the  regular  monthly  meeting  of  the  New  York  Section 
of  the  American  Chemical  Society,  held  on  November  7,  1919,  the  an- 
nouncement of  the  demise,  on  October  9,  of  Thomas  J.  Parker,  our 
loyal  companion  and  beloved  friend,  was  received  with  profound  sorrow; 
be  it  therefore 

Resolved,  That  in  Thomas  J.  Parker  the  New  York  Section  has  lost  one 
of  its  oldest  and  most  valued  members,  whose  unceasing  efforts  and 
services  in  its  behalf  have  materially  contributed  to  the  growth  and  pros- 
perity of  the  Section. 

Resolved^  That  the  Section  convey  its  expression  of  sorrow  and  sym- 
pathy to  the  bereaved  family;  and  further  be  it 

Resolved,  That  a  copy  of  this  resolution  be  spread  upon  the  records  of 
the  Section,  and  that  a  copy  thereof  be  transmitted  to  the  family  of 
Thomas  J.  Parker. 

The  fdlowing  papers,  on  the  general  subject  of  **Celhilose  Problems" 
were  delivered: 

"Cellulose:  Present  Day  Problems,"  Wallace  P.  Cohoe.  "Cellulose 
Hydration  Problems,"  J.  E.  Minor;  read  by  Dr.  Wm.  H.  Gesell.  "Nitro- 
cellulose from  Wood  Pulp,"  Hamilton  Bradshaw,  R.  G.  Woodbridge,  Jr. 

H.  G.  SiDBBOTTOM,  Secretary. 
PHILADELPHIA  SECTION. 

Regular  meeting,  Thursday,  October  16,  1919. 

Address,  "Bubbles,"  by  Lieutenant-Colonel  Wilder  D.  Bancroft, 
Chairman  Division  of  Chemistry  and  Chemical  Technology  of  the  National 

Research  Council.  j.  Howard  Grabam,  secretary. 

PUGET  SOUND  SECTION. 

The  October  meeting  of  the  Section  was  held  at  Bagky  Hall,  Uni- 
versity of  Washington,  October  29,  1919. 

Program:  "The  Work  of  the  Chemist  in  the  Condensed  Milk  Industry 
with  Special  Reference  to  Recent  Development  in  Laboratory  Methods," 

by  P.  A*  Cornelius.  Rat  W.  Ci^uoh,  Secretary,  Pro  ttm. 

ROCHESTER  SECTION. 

95th  meeting,  Monday,  October  20. 

Dr.  C.  E.  North,  head  of  the  Milk  Survey  in  Rochester,  presented  a 
paper  entitled,  **The  Milk  Problem  in  Rochester  and  Elsewhere." 

Met  Monday  evening,  November  17. 

Program:  "Microstructure  of  Plain  Carbon  Steels  and  Some  Defects 
Usually  Encountered"  (illustrated),  by  Wilbur  B.  Miller,  of  The  Pfaudler 
Co. 
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The  98th  meeting  was  hdd  December  i,  1919,  Bastman  Bailding, 
University  of  Rochester.  Dr.  Charles  L.  Parsons^  Secretary  of  tiie 
American  Chemical  Society,  presented  an  illustrated  paper  entitled, 
"The  Nitrogen  Situation/'  b.  m.  bilumos.  sstr^try, 

SAINT  U>UIS  SECTION. 

The  October  meeting  was  held  Monday,  October  6,  1919.  The  follow- 
ing papers  were  presented:  "Baking  Powder  Chemicals,"  by  Mr.  J.  T. 
Meckstroth,  of  the  Provident  Chemical  Works;  "How  Have  the  U.  S. 
Chemical  Manufacturers  Met  the  Dyestuff  Situation?"  by  Mr.  P.  S. 
Bacon,  of  Monsanto  Chemical  Works. 

The  November  meeting  was  held  Monday,  November  3,  1919. 

Program:  "The  Synthesis  of  Carbohydrates  in  the  Plant,"  by  Mr. 
P.  W.  Munde,  of  Monsanto  Chemical  Works.  t.  b.  ball,  surtury. 

SYRACUSE  SECTION. 

The  October  meeting  of  the  Syracuse  Section  was  held  on  Friday  eve- 
ning, October  24. 

Major  R.  A.  Baker,  Professor  of  Chemistry  at  Syracuse  University, 
spoke  on  "The  Chemical  Welfare  Service  Training  Division." 

The  Syracuse  Section  of  the  American  Chemical  Society  has  decided 
to  hold  two  meetings  per  month  this  year.  The  first  November  meet- 
ing was  held  on  Friday  evening,  Nov.  14. 

Mr.  G.  N.  Berry  spoke  on  his  oversea's  experiences.  Mr.  Berry  visited 
the  battlefields  of  France  and  industrial  centers  of  England,  observing 
particularly  the  labor  conditions  of  the  two  countries. 

R.  V.  TomnwD,  StaM&rf, 
TOLEDO  SECTION. 

The  October  meeting  of  the  Toledo  Section  of  the  American  Chemical 
Society  was  held  on  Monday,  October  13,  at  8.00  o'dock.  Colonel 
Alfred  H.  White  took  for  his  subject,  "The  Fixation  of  Nitrogen." 

A.  B.  Cakmst,  StcrHanf' 
UNIVERSITY  OP  lUUNOIS  SECTION. 

The  105th  regular  meeting  was  held  Tuesday,  November  18.  Dr* 
C.  W.  Blake,  formerly  head  of  the  Division  of  Inorganic  Chemistry  at 
the  University  of  Illinois,  now  of  the  Fansteel  Company  of  North  Chicago, 
gave  the  address  of  the  evening. 

The  104th  regular  meeting  of  the  Section  was  held  Tuesday,  October 
21,  1919. 

Dr.  Irving  Langmuir,  of  the  General  Electric  Company,  gave  the  ad- 
dress of  the  evening  on  the  subject,  '^Structure  of  the  Atoms  and  its  Bear- 
ing on  Chemical  Valence."  s.  a.  bkauit.  s^crstary. 
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uNivBRSTry  OF  Michigan. 
A  meeting  of  the  University  of  Michigan  Section  of  the  American 
Chemical  Society  was  held  on  Tuesday,  October  28. 
Professor  A.  H.  White  gave  a  lecture  on  the  subject  of  **The  Fixation 

of  Nitrogen."  r.  j.  Cakkst,  Stcr^tary, 

UNIVBRSTfY  OF  BOSSOURI  SECTION. 

The  University  of  Missouri  Section  of  the  American  Chemical  Society 
met  Friday,  October  24,  1919. 

Program:  Dr.  H.  D.  Hooker,  Jr.,  cm  ''Effects  and  Treatment  of  Gas 
Poisoning." 

VIRGINIA  SECTION. 

The  first  meeting  of  the  fall  was  held  Friday,  October  17. 
Program:    Dr.  Edgar  Graham,  Professor  of  Chemistry  at  University 
of  Virginia,  had  for  his  subject,  **Some  Phases  of  the  Problems  of  Fixation 

of  Nitrogen."  B.  C.  L.  Miiasr,  S^crtUnry. 

WASHINGTON  SECTION. 

Regular  Meeting. — ^The  295th  meeting  of  the  Society  was  held  on 
Thursday,  October  9,  1919. 

Program:  E.  K.  Nelson,  Bureau  of  Chemistry,  **Vanillyl  Add  Amides." 
C.  O.  Johns  and  A.  J.  Finks,  Bureau  of  Chemistry,  "Growth  Experi- 
ments with  the  Proteins  of  the  Navy  Bean."  L.  L.  Steele  and  F.  M. 
Washbtun,  Bureau  of  Standards,  **A  New  Hexabromide  Method  for 
Lmseed  Oil."  W.  M.  Clark  and  H.  F.  Zoller,  Bureau  of  Animal  Indus- 
try, "Manufacture  of  Commercial  Casein." 

Special  Meeting. — ^The  296th  meeting  of  the  Society  was  held  October 

23,   1919- 

Program:  Charles  L.  Reese,  Chief  Chemist,  du  Pont  Co.,  ''Status 
and  Prospects  of  the  Dye  Industry  in  the  United  States." 

The  297th  meeting  was  held  at  the  Cosmos  Club,  November  13,  1919. 
The  following  program  was  given: 

E.  T.  Wherry,  Bureau  of  Chemistry,  **  Crystallography  in  the  Service 
of  the  Chemist,"  (illustrated).  E.  T.  Allen,  Geophysical  Laboratory, 
"A  Few  Methods  for  the  Study  of  Fumaroles."  (Dr.  Allen  recentiy  re- 
turned from  the  National  Geographic  Society's  expedition  to  Mt.  Katmai.) 

The  following  were  elected  oflBcers  for  the  year  1920:  President,  C.  O. 
Johns;  Secretary,  E.  C.  McKelvy;  Treasurer,  F.  P.  Dewey;  Councilors, 
R.  B.  Sosman,  F.  W.  Smither,  F.  B.  Power,  A.  Seidell,  W.  D.  CoUins. 
Executive  Committee,  R.  C.  Wells,  P.  B.  Dunbar,  M.  J.  Ingle,  F.  C.  Cook, 
L.  H.  Adams,  W.  W.  Skinner. 

WBSTBRN  NEW  YORK  SECTION. 

The  Western  New  York  Section  was  addressed  on  October  28,  by  Mr. 
John  E.  Pfennie  on  the  subject  of  "Patent  Laws  with  Special  Reference 
to  the  W<wk  of  the  Peace  Commission."  b.  k.  snAcsAir*  s^crttary. 
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WISCONSIN  SECTION. 

The  October  meeting  of  the  Section  was  held  on  Wednesday,  October 
22,  1919. 

Mr.  W.  G.  Wilcox,  of  the  Powdered  Coal  Engineering  and  Equipment 
Company,  spoke  on  *'The  Essential  Problems  in  the  Succes^l  Applica- 
tion of  Powdered  Coal." 

The  November  meeting  of  the  Section  was  held  on  Wednesday,  No- 
vember 12,  1919. 

Dr.  A.  S.  Loevenhart,  Professor  of  Pharmacology  and  Toxicology, 
spoke  on  ''The  Biological  and  Medical  Aspects  of  the  Chemical  Warfare 

Service.  Johh  H.  Schmiot,  secretary. 

DECEASED. 

Raley,  Hiram  S.,  Riverton,  Conn.     Died  Jmie  3,  1919. 
Graves,  George  H.,  New  York  City.     Died  August,  19 19. 
Drew,  Harry,  Easton,  Pa.     Died  July  2,  191 9. 
Krdser,  Walter  W.,  Jersey  City,  N.  J.     Died  Oct.  11,  19 19. 
Hazelrigg,  Virgil  T.,  Oklahoma  City,  Died  October  2,  1919. 
Lyman,  E.  R.,  Edmunds,  Wash.,  Died  July,  191 9. 
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